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1. NON TECHNICAL SUMMARY

2007/018 Developing techniques to estimate total@ahable catches for the NPF
major prawn species

PRINCIPAL INVESTIGATOR : C.M. Dichmont
ADDRESS: CSIRO

233 Middle Street

Cleveland

QLD 4163

Telephone: 07 3826 7219 Fax: 07 3826 7222
OBJECTIVES:

1) Development of techniques for calculating aniivdey of TAC estimates for the two tiger
prawn species and non-tiger prawn species thatdedboth biological and economic
information

2) Estimation of fishing power effort creep of tighery

3) Assessment of the species distribution for teget endeavour prawns to enable splitting
group specific catch and effort data

4) Evaluation of economic efficiency under differdM\Cs

NON TECHNICAL SUMMARY:

OUTCOMES ACHIEVED TO DATE

1. This project first assessed how many TACs are sacgso effectively manage the
fishery. Then, given these results, the projecetiged new methods to assess the
relevant species (or groups) and methods relatirsggindardising catch rates (based
on a fishing power analyses), as well as considesptimal vessels size under various
TAC conditions.

2. Assessment methods for each major target specg®op was developed.

3. Two methods to mention are the development of itestructured model for the tige
prawn stocks and the Bayesian biomass dynamic mibel“data poor” stocks such
as the blue endeavour prawns). The NPF RAG addquttdthese methods for the
Standard NPF assessment in 2010 onwards to mamagiger prawn fishery.

5%
=

4. The projects newly developed assessment methods ben reviewed by the
NPFRAG over several meetings (and at times by NORMA




Presently, the NPF fishery is managed with twamisiseasons: a predominantly banana prawn
season and a mainly tiger and endeavour prawnseflse main purpose of this research was to
establish how many TACs might be necessary to tfedg manage the tiger prawn component
of the fishery, which consists of at least 4 conuiaispecies. Moreover, to develop methods
that will be used to set TACs for these key spedMithin this project an analysis was
performed in order to estimate the degrees of gubeh between the catch of the different tiger
prawn species. The results indicate the two sp@gigger prawns and the economic bycatch
species (e.g. endeavour prawns) are not sepafidi#enost practical means to manage the tiger
prawn fishery as outputs is via a combined spegiesp tiger prawn TAC. For the banana
prawn stocks it is clear (from historical and predeehaviour) that both common and redlegged
banana prawns can be targeted with little bycat¢heoother prawn species. Based on these
results, the project therefore developed assessmethiods for tiger prawns as a group, with
endeavour prawns as an economic bycatch.

A suite of assessment models could be applied ghenange of biological and economic data
available for these stocks and the associatedsflBeevious assessments (before this project) did
not include the size data that has recently bearagable, and for this project new methods
have been developed: a size-structured model éodalta rich species (two tiger prawn stocks)
and a Bayesian hierarchical biomass dynamic maaéhe information poor species (endeavour
prawn stock, specifically the blue endeavour pratatk). The advantages of the size-structured
model include the greater inclusion of availableadapecifically catch and survey length-
frequency data as well as tagging data), and therdéss use of pre-specified parameters (for
example selectivity is estimated). The size-stngrtunodel also allows grade-specific prices to
be considered, and has greater flexibility in teahstting fishing effort to estimate season
length, thus providing a useful tool for evaluatadrthe trade-off between TAC and season
duration/timing (as recognised by the NPF RAG).

Updates to the Fishing Power model and series bese undertaken, in that the extent and
treatment of technology changes since 2002 have feewed, and the 2003 fishing power
models have been re-fitted and coefficients ravestd using all the latest available data (1970
to 2007). There was a new model developed andvidssused in the assessment. These fishing
power models were incorporated as input in the WB$essment in 2010, an assessment that
utilises a bio-economic model.

Thus in this project, the existing dynamic bio-emmic model was applied to estimate Total
Allowable Effort (TAE) and Total Allowable Catch€FACSs). A critical element of this project
was to take what was learnt from the: (1) newlyaleped size-structured model and the (2)
recently developed Bayesian hierarchical biomassuayc model and integrate then into a
single bio-economic model. Furthermore, the prebertconomic model was extended to
include almost any combination of assessment m@ded, biomass dynamic and delay
difference).

This approach of being able to evaluate any contioin®f assessment model is both unique and
pioneering and created the opportunity to explbeesensitivity of the different models and
species combinations to a range of uncertaintideenWnodel uncertainty is eliminated the
greatest variation in future catches seems to bdauncertainty in the economic parameters.



However, between model uncertainty was also highitawas important that the model
combination selected was based on scientific grlasirather than a selection based on the
actual TAC. When reviewed by the NPRAG, this fraragiwas acknowledged as novel and a
valuable contribution to the analysis of uncertaiior tiger and endeavour prawns. The NPF
RAG therefore selected the best combination of nsodeese being the size model for both
species of tiger prawns and the Bayesian hieraatmodel for blue endeavour prawiis
model is now the basis of the most recent NPF Ass&s — 2010 onwards.

As banana prawns are not included in this combapetties-group TAC for tigers and endeavour
prawns, a separate set of approaches for settirf@sig\required for these stocks. During the
project and with feedback from the RAG (and lat&@RMAC) the banana prawn stocks were
spilt into two banana prawn stock-regions. The deaten of the boundary between the two
stock regions is presented in the report of whi@RWIAC chose one of the boundaries east of
Pearce Point in the Joseph Bonaparte Gulf and sf@thboundary at 12° latitude. At this stage,
the project (verified by the NPF RAG) considerd ihdoes not have any quantitative
assessment method that can be adequately appli&astern banana prawn stock-region (mostly
common banana prawns). The extreme spatial andor@myariation in the catch rate data (and
therefore one’s ability to predict the size of tetnent in advance) is one of the major
underlying factors that will undermine any asses#mieis unlikely that this situation will

change in the near future.

The only option is to rely on empirical methodsdzhen historical catch and effort data to set
TACs for banana prawn stock regions. As an altereaan Updated TAC method (as
recommended by NORMAC on the basis of a Cost BeAeflysis — the relevant sections
included with permission herein) could be appliedhie stock. This method sets a constant TAC
with a potential of an increase in the TAC (an Upll# the recruitment survey index is medium
or high. However there is considerable uncertamtye relationship between the survey index
of abundance of recruits and the subsequent oliseatehes. For the other stock-region (the
Western banana prawn stock-region - predominaatiyeégged banana prawns), a preliminary
assessment model was developed. Key sensitivitieighlighted and some preliminary model
results are presented and compared to a sepangsi8a hierarchical biomass dynamic model
to the redlegged prawn stock in the Western region.

As highlighted, changes to the NPF fishing fleensicipated with the introduction of output
controls and the final section provides a prelimyrenalysis of the potential optimal vessel size
under various conditions. Vessels were found touseently close to their optimal size given
average historic prices and current stock condstion

Thus to summarise, significant progress has beaenmathis project with the development of
techniques for the estimation of total allowablechas (TACs) for the major prawn species in
the Northern Prawn Fishery (NPF). These technigqueade novel and newly applied
assessment methods that have been reviewed byPlRBAG over several meetings (and at
times by NORMAC), and applied in the most recenEM8sessment in 2010 even before
moving to ITQs.

KEYWORDS: Total Allowable Catch, TAC, Northern Praw n Fishery, NPF, prawn species
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3. BACKGROUND

The Northern Prawn Fishery (NPF) is one of Austtalmost valuable fisheries in terms of total
landed value, and is the most valuable fishery maddy the Australian Commonwealth
government. The fishery has an explicit managermbjaictive of maximizing economic returns.
In 2007-2008, the gross value of product was arcABicdm (ABARE, 2009).

The fishery is currently managed using a combimadiinput controls, primarily seasonal
closures and individual transferable gear unit® [Bitter places restrictions on the amount of
headrope that vessels can tow. Over the last dettal#eet size has more than halved, from
133 vessels in 1998 to 52 in 2008.

Part of the recent reduction in fleet size waslitateéd by government investment in the fishing
industry. In 2005 the Federal Government annouracg220 million adjustment package to help
secure the sustainability of the Commonwealth $isltks and a profitable future for Australia's
fishing industry. In response, the Australian FisteManagement Authority (AFMA) proposed
that a new harvest strategy framework be implenaefateall Commonwealth-managed fisheries
by 2008. Initiatives proposed under this framewand still being implemented at this stage (post
2008). The framework set in place the ‘goalposis’mhanaging catches of commercial stocks by
setting agreed target and limit reference points@ear decision rules for each species.

In order for the Northern Prawn Fishery (NPF) topbet of the adjustment package commitment
was sort from the industry to move towards a systéoutput controls (that is quota control,
specifically Individual Transferable Quotas (ITQ<)utput control via a system of quota
normally involves setting a global Total Allowalatch (TAC) for each commercial species (if
possible) and then having the means to distribntéhe basis of allocation rules ITQs to each
fishing unit. The allocation rules are outsidelod temit of this project. Suffice to state, that
since the NPF is historically managed via a fisheffgrt (input) control system, the onus was on
the establishment of a means to assess what metlevdsavailable to estimate for each prawn
stock (if possible) a Total Allowable Catch (TAC).

The Northern Prawn Fishery Management Advisory Cdtem(NORMAC) in 2006 discussed
the preliminary advice from Northern Prawn FishResource Assessment Group (NPFRAG) on
changes needed in stock assessment to meet theeregnts of an ITQ management system. As
a consequence, NORMAC and the NPFRAG agreed tasadoe development of research
proposals to support the likely output control ngeraent for the NPF, and to facilitate the
development and implementation of the ITQ systeth witime line of 2010 (deadline provided
at the time of submission of this project propasal)

For the NPF to complete its transition to a quotamagement system within this timeline, it was
essential to begin research on methods of estigmappropriate total allowable catches (TACs)
and to begin to develop corresponding managemecegdures as soon as possible. The



NORMAC meeting in March 2006 also discussed theaesh needs for the transition of the
NPF to a TAC system and supported the developnfehtsoproposal. In its June 2006 meeting,
the NPFRAG further discussed, recommended modificatto, and endorsed a pre-proposal,
from which this project’s proposal has developeal.tBis project was developed in close
consultation with the NPF RAG and NORMAC, which acenprised of representatives of the
industry, management authorities and other staklehgl These events essentially frame the
background context within which this project deysd and was completed.



4. NEED

The transition to a quota system requires researghethods of estimating total allowable
catches (TACs). The NPF is a multi-species fishiEigwever, stock assessments have only been
undertaken on two out of the eight commercial ggedControlling catch of only two prawn
species cannot secure the long-term sustainabflitye whole NPF. Therefore, a whole-fishery
approach must be adopted, and assessments ofteekmseds to be extended to a greater
number of species. Estimating TACs for annual sgselike the commercial prawns in the NPF
is challenging because recruitment and subsegaécties are greatly influenced by
environmental variables that fluctuate widely. e NPF, biological parameters are not
uniformly known for all prawn species, and the euagristics of population dynamics differ
from species to species. A tier-approach shoulddpdied here like the SESSF, i.e. a formal
stock assessment will be done for species suppbytedfficient data; for others more empirical
methods may be adopted. It is well known that tleeerfrom input to output control causes
major changes to the catch rate data and can eamsgor break in the time series thereof.

A key management objective in the NPF is the masatmn of economic profits. TACs will,
therefore, have to reflect this economic objectAéhough the theory of maximum economic
yield (MEY) is well established, such a managenearget has not been implemented in any
fishery (at the time this project proposal wasedll Achieving such a target requires both
methodological development and analysis of a nurab&ctors not previously considered when
setting TACs in fisheries. In summary, this projeeis designed to meet the strategic need and
provide the science, tools and technical supporthie successful transition of the NPF to a
guota management system.

Presently, the NPF fishery is managed with twarnlistseasons: a predominantly banana season
and a mainly tiger and endeavour prawn seasorm Rrstorical and present behaviour, it is

clear that both common and redlegged banana preambe targeted with little bycatch of other
prawn species. However, a key aspect of this preyas to evaluate the degree to which
individual species can be targeted in the tiged @mdeavour) prawn component/season(s) of the
fishery. The purpose was to establish how many Té@Eht be necessary to effectively manage
this tiger prawn component of the fishery, whiclmgists of at least 4 species, and how many
TACs might be necessary to practically manage #maba prawn stocks.

Thus in summary, the evaluation of output contfotghis fishery has become a priority with
the recommendation from NORMAC that the fisherynrisnaged via output controls. This
project was established with the main objectivdefeloping techniques for calculating and
delivery of, TAC estimates for the two tiger praggecies and non-tiger prawn species that
include both biological and economic informationghmeeting the need that methods to
estimate TACs be evaluated.



5. OBJECTIVES

The main objectives of the projedéveloping techniques to estimate total allowalteices
for the NPF major prawn specieas listed in the original proposal were to cdmite to the:

1) Development of techniques for calculating anlivdey of TAC estimates for the two tiger
prawn species and non-tiger prawn species thaidedboth biological and economic
information

2) Estimation of fishing power effort creep of tighery

3) Assessment of species distribution for tiger andeavour prawns to enable splitting group
specific catch and effort data

4) Evaluation of economic efficiency under differ@MCs

No changes were made to these objectives duringahiese of the project. The extent to which
each has been achieved is the subject of thistrepfull (including appendices).

Here we merely highlight that all of these objeet\have been completed and can summarise it
as such:

* Technigues have been developed to estimate TAGkddmwo tiger prawn stocks (e.g. a
newly applied size structured model) as well asiibre-tiger prawn species (e.g.
Bayesian hierarchical biomass dynamic models).bibkegical and economic data on
the stocks and fishery are integrated within adonomic assessment. The bio-
economic model was extended to include almost ambmation of assessment model
(the above mentioned models and an updated prdyiapplied delay-difference model).

» Updates to the Fishing Power model and series bege undertaken (to estimate fishing
power creep), in that the extent and treatment¢diriology changes since 2002 have
been reviewed, and the 2003 fishing power models baen re-fitted and coefficients
re-estimated using all the latest available da®&@lto 2007). These fishing power
models were incorporated as input in the NPF Assestin 2010.

» As part of the overall analysis of assessing distion of species, the splitting of catches
into species was updated. The statistical appreaacded to build the species distribution
models from previous studies was further refinedl laoth the tiger and endeavour
species split models were calibrated with a codatdid data-set that includes the data
collected in this project. The refinement and aaliion of these species split models have
improved the accuracy of the catch estimates atfibeies level.

* The economic efficiency under different TACs hasrbevaluated. A restricted profit
function for the fishery was estimated to deternmimeoptimal vessel characteristics and
output levels as a guide to how the fleet may ddjoder an ITQ system. Vessels were
found to be currently close to their optimal siaeeg average historic prices and current
stock conditions.



6. METHODS

This project firstly assessed how many TACs weeessary to effectively manage the fishery.
Then, given those results, the project develop@dmethods to assess the relevant species (or
groups) and methods relating to standardising aatiels based on a fishing power analyses,
whilst considering optimal vessel size under uasi®AC conditions.

The methodology applied in this project can bestiéscribed as a series of steps. Each separate
step involved a separate and distinct method/ gaéime analysis, and although these are linked,
the actual methods cannot be combined easily imoseries of functional relationships
(equations). We thus provide a brief technical arption of each step and its associated
methodology separately, and described in detail tependencies. The detailed technical
descriptions are included in the Appendices.

The methodological steps (Figure 1) can be destiibéhe following manner:

Step 1. Establish number of TACs to be set in eadlshery (Figure 1).

Within the fishery, generally banana prawn stoadksfished separately to tiger and endeavour
prawn species. Therefore two separate analysesumdegtaken. For the tiger prawn fishery, the
analysis had to establish how many TACs might lxes®ary to effectively manage the tiger
prawn component of the fishery (i.e. could TACgdaistically set for each of the tiger prawn
species or conversely, could a single TAC be ugedanage the whole tiger prawn fishery?).
The method that was applied to the tiger prawn aorept of the fishery was a production
analysis of targeting ability (a Bayesian multiqoutt distance function approach). In addition to
this research, various other techniques were apfi¢he banana prawn species, however only
after considering the partition of the species lm@oana prawn stock regions (see Step 2 —
below).

Step 2. Collate and update input data (catch and frt for individual stocks) and re-
estimate fishing power using new datéFigure 1)

Step 2a) Update data on estimating catch distobhsand magnitude) for individual
prawn species and models (the “species split mgdélsy assessment of the tiger
prawn component of the fishery requires modelsstorate catch for each species as
detailed landings data are at a species group el




Step 2b). Provide an update of the fishing poweahasfor incorporation of new
estimated time series into assessment of tigerpet@cks Technological advances and
changes in the size (and geographic extent — teahpod spatial distribution) of the fleet
are such that the previous analysis of fishing pomaes in need of an update. This update
was relevant to both the actual model and data.

Step 2c) Patrtition the banana prawn stocks in egiens.Present options for the division
of the banana prawns stocks into two separate s&ggkns, that is, partition the NPF
banana prawn fishery into Eastern and Western medmr separate allocation.

Northern Prawn Fishery

Division into components and steps taken

in methodology

STEP 1: i Establish number of TACs to
" ! be setin each fishery

= Collate and updte cateh & ofort data |

STEP 2: ! and other inputs {e.g. fishing power est.)
_______________________________ 2(a) Update species catch distribution
Develop new assessment 1 model and estimates (" species-solif

STEP 3: i techniques for each TAC moder)

2(b) Update Fishing Power estimates |
itiger prawns) i
a{b) Develop Bayesian H. biomass dynamic i
i model for e.g.blue endeavours 2(c) Partition banana prawns into !
stock regions (WWestern and Eastern |
3{c) Integrate (3a&b) into a bio-economic stock-regions) i

model

i 3(d) Provide an assessment if possible of |
I banana stock-regions i .
l | Evaluate the optimal vessel size |
under various TAC conditions for i

0
3
m
m
I

the main commercial stocks

Figure 1. The main steps defining the overall meétiagy applied in the project.

Step 3. Develop new and novel assessment technigfershe prawn stocks(each considered
separately) (Figure 1).

Step 3a) Develop a size-structured model fordiia “rich” stocks such as the two tiger
prawn speciegbrown and groove) for which length frequency datavailable.
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Step 3b) Apply Bayesian hierarchical biomass dycanndels to asses$ise less data
“rich” stocks such as the blue endeavour prawmsddition, in order to ascertain the
utility of this approach and provide validity toyaresults we tested the method against
the same stocks in Step 3a), that is, the browrgamalved tiger prawn stocks.

Step 3c) Develop an integrated model bio-econonadatfor the tiger and endeavour
prawn component of the fishery that combines tloelpect from 4a (the size structured
model) and 4b (the Bayesian hierarchical biomassuayc model) and the NPF bio-
economic modeél

Step 3d) Provide an approach for setting outputrotnfor the banana prawns stock
regions (stocksfdepending on the boundary of the stock regiomddfin step 2b). As

the two regions are the Western and the Easterarrettpe Eastern region relies on the
method presented in a cost benefit analysis (CBApmmon banana prawns that was
undertaken as part of an assessment of the ecom@médits of output controls in the
NPF. The Western banana prawn stock region congpaise@rea in the Joseph Bonaparte
Gulf and has been assessed with two methods (iaderly biomass dynamic model and
(i) Bayesian hierarchical biomass dynamic model.

Step 4. Evaluate the optimal size of vessels underious TAC output conditions (Figure 1).

Strictly Step 4 does not directly follow Step 3waver it forms the basis of an in-depth analysis
of economic efficiency in the fleets and the patEninpact of output control. As an economic
analysis, it contributes and validates the datatsyand assumptions in the integrated bio-
economic model (Step 3c).

Although not listed as aStep — 5 the final task was to take what has been acki@vehis
project (after review by the RAG) and include thase approaches (particularly 3c&d) in the
most recent NPF Assessment (2010) and presentatstirmput (TAES) and output (TACSs)
control measures for each of the stock/stock regadrihe fishers

In the sections below we summarise elements oftbiod applied for each step. We do this as
concisely as possible, without a detailed referda@very assumption and all the data used (the
details of assumptions are explicit in the extemsi@t of manuscripts presented in the

1 A critical element of this project was to take whas learnt from the: (1) the newly developed-sizactured
model (this project) and the (2) recently develoBegiesian hierarchical biomass dynamic model (ihigect) and
integrate them into a single bio-economic modeh uddated version of the previously applied deiffgiince was
still included in the suite of assessment modeks sesnsitivity test required an analysis of thatre¢ impacts of
previous versus new approaches was required.

% This task has been completed — see NPF RAG Asses£009/10. AFMA R-2008/0824.
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appendices; that are referenced; a few of whicle l@en published in peer reviewed
international journals).

6.1 Establish number of TACs for output control

An evaluation was undertaken of the number of g@eRACs essential for prawn fisheries
(tiger/endeavour component of fishery) by consiugthe ability of the fleet to target individual
species (Step 1 — Figure 1). In order to estinfaddrgeting ability of fishing vessels an
econometric analysis is applied to the Tiger prawd endeavour component of the fishery as an
example. In the analysis, the Morishima elastisibésubstitution are derived from a multi-
output distance function to examine fishers’ apild control output mix in a fishery about to
move to ITQ management. The parameters of the navdedstimated using Bayesian techniques
to avoid potential endogeneity bias (Appendix 3taoms a detailed manuscript of this study as a
reference). In most fisheries productivity stud@®duction is generally assumed to be either
non-joint in input quantities, such that the prditut of a single output can be modelled as a
function of a set of inputs, or that productiofat in input quantities, but is separable, such
that a composite measure of a set of outputs candokelled as a function of a set of inputs. In
both cases, a single output measure is obtainedsedlin the estimation of the production
function. Some form of multi-output function is teed when the technology is believed to be
both joint in inputs and non-separable. A numbgurohal multi-output functional forms with
different characteristics exist. These include raultput production functions where one species
is considered the dependent variable and the effemries are included as covariates (Felthoven
and Morrison, 2004; Orest al, 2005), and distance functions in which ratioshef dutputs

appear as covariates.

The general form of the multi-output productiondtion may be given by

Vi = F (Y1 %)

whereyn, is the level of output of speciag andxy is the level of inpuk (where inputs include
vessel characteristics as well as the size ofsfisbks). Orea et al (2005) estimated the model
using logged values of the dependent and indepéndeables, while Felthoven and Morrison
(2004) proposed a generalised linear transformditination using the square root of the
covariates.

The multi-output distance function can be expressed

D(x,y) = %{z/f >0: (%J 0 P(x)}
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whereP(x) is the set of feasible output vectors obtainatdenfthe input vectox (Orea et al,
2005), and(x,y) represents the distance to the production frantigpractice, the output
distance function is estimated as

=Iny, = f(n(y,/y,),Inx,)—-InD

which is effectively a standard production frontieodel with one output as the dependent
variable and the others as covariates in ratio.fmbki-output distance function has had broad
use in many industries (e.g. Grosskepél, 1995; Coelli and Perelman, 2000; Morrison Raul
al., 2000, Faret al.,2005; Lee, 2005), but only limited applicationdisheries (Fousekis, 2002;
Huang and Leung, 2007; Pasa@aiel, 2007). The approach adopted in this study was the
translog multi-output distance function (see Apprrdj.
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6.2 Collate and update data for input into models

6.2.1. Update data on estimating catch distributions

An initial task was to update data on estimatinglcalistributions (the “species split models”)
(Step 2a — Figure 1). The methodology (Appendiwd)use for partitioning catch biomasses
into the component species parallels directly & trescribed Venables, Kenyenal. (2006).

In particular we build generalized linear modelsdatch allocation using the following
predictors: (1) location, specified by Longitudeldratitude, (2) spatially static predictors
[distance from land, depth, and average percentimtite sediment], (3) a temporal variable:
time of year for periodic variations within the yeand (4) the elapsed number of days since
January 11970 for a long-term trend (Appendix 4 outlines thethod in its full extent).

The spatially static variables are measured abtimenute grid cell level, which matches the
spatial scale of measurement used by the logbamtds themselves. The response, that is the
guantity for which we will construct models, aglie previous study is: (a) The proportion of
grooved tiger prawn$. semisulcatusin the total catch, and b) The proportion of eedleavour
prawns M. ensis in the total endeavour catch. Since there arg two species in each group,
once the proportion of one is known, the proportbthe other is the complementary fraction.

6.2.2. Provide an update of the fishing power analysis

The approach to estimating relative fishing povegrtifie NPF tiger prawn fishery has
traditionally been to fit a statistical linear motie logbook data, to predict daily catch rates &on
log scale) from a suite of terms that represenhdbance, vessels, skippers and technology
(Bishop, Venables, Dichmoset. al, 2008) (Step 2b — Figure 1) (Appendix 5). Thipraach is
well-known (Maunder and Punt, 2004); however ingheewvn fisheries of the NPF, the fitting of
such models is compromised by confounding betwessel terms and prawn abundance.

This confounding is due to a confluence of factdesstly, the fishery has been actively
managed by input controls which have resulted anges in nets or fleet composition and
consequently in swept area capacity. The fleetnmedern industrial one, and adoption of
innovations in fishing technology has been rapid éxample see Robins, Wang and Die, 1998).
Previous research has concluded that the logbaakadiane could not fully resolve the fishing
power issues, because of this confounding betwessel technology changes, movements of
vessels and local abundance (Biskbpl,.2008). To compensate for any unavoidable
deficiencies in the data, the fishing power modielghe NPF tiger prawn fishery have the
feature that some of the coefficients (e.g. fohtexdogy that could not be well-estimated from

14



the available data) were fixed (or offset) at valobtained from external evidence including
expert knowledge and judgment.

Previous models that have been used for recenhstack assessments up until 2007 are
referred to as “the 2003 models” in the presenbmedhey are the basic low, basic high and
spatial high models described in Dichmont, Bishégnableset al. (2003) and Bishopt al.
(2008). Each model is of the form:

109(Cyj) = + Y10g(fy) + D Ao X + 2 5o 109V ) + 3, 9(i. Kk, h)J, + ¢
where

Cij denotes the daily catateight of tiger prawns plus half the endeavour pravof
vesseli fishing in areg, yeark and month;

fi. represents effort, hours trawled per day;

Xq are terms to represent abundance and availalfilitsiuding year, month, area);
V, are 1 top continuous vessel, gear and skipper characteyjstic
a(i,k, h) functionsg of categorical vessel, gear and skipper charasties]

£ an error term assumed independent and homosazdasti

The basic relative fishing power for the fleet egelr was the arithmetic mean of per vessel
fishing powers, weighted for the effort of eachsadghat year.

Z fi (EXpEy —Cy))
Reirsj = z .

The relative fishing power each year (relative 8@, _Risi ), and the fishing power each year

97Qi/s,j

relative to the previous yegr - Riisi were calculated.
inc
Rk—l,i/s,j

Since 2003 there have been considerable changles fleet and to summarise, the aim was to
evaluate to what extent new technologies are inmp@on the fleet, and could changes be made
to the characterisation of these technical chamgtge model in order to reduce the number of
offsets in the analysis. Moreover, the reductiothmfleet size has resulted in changes in the
spatial extent of the fishery. In that regard, ¢hare two interacting factors that contribute to
potential change in fishing power: (1) the actealuction in fleet number and (2) the effect that
a smaller fleet has on its ability to search artdlcarawns in terms of its reduced spatial
searching and catching power.

Thus, the present study addresses objective 20FAC ProjectUpdate the fishing power

series and develop a pre-ITQ fishing power serfesstimatesTo achieve this objective,

a) “The 2003 models” were re-fitted, and the coefintgere-estimated, using all the latest
available data to 2007.
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b) The extent and treatment of technology change® €662 were reviewed and there is
less need for some of the offsets previously agbee results)

C) A major change in the fishery since 2002 has beedaction in fleet size (from 97
vessels in 2003 to 51 vessels in 2007). We invastcgwhether reducing the fleet size
has had any impact on the fishing power of thetflee

d) Improvements to the fishing power models were ailgestigated and implemented. This
new method produced estimates with narrower conéiddounds and on the basis of this
result there is now no requirement for a high awd Version of the fishing power series
of estimates. This new “single time series estithat¢he fishing power model has been
adopted.

6.2.3. Partition the banana prawn stocks in sub-regions

The banana prawn catch in the NPF consists of telodical species, nameRenaeus
merguiensigcommon banana prawns) aRdindicus(red-legged banana prawns), which are
undifferentiated in the catch. Common banana psaava caught throughout the NPF, often in
aggregations close to the surface and in relatisie@flow water. By contrast, red-legged banana
prawns are confined to a number of discrete regiotise West of the NPF and are caught in
relatively deep water by trawl methods more rencind of tiger prawn trawling.

Ideally, to manage both biological species, a sepalAC would be set for both. Since the
catch is undifferentiated, however, for practicatgoses the best approximation to this situation
is for the banana prawn component of the NPF fisteebe partitioned spatially into two regions
and a separate banana prawn TAC be set for eagh 28t Figure 1). The method relied on a
set of criteria for setting the partition (Appendix Three evident criteria for a spatial
partitioning of the TAC regions are, possibly icri@asing order of importance:

» The interface between the two spatial regions shbelclear and precise and, as well
separated as possible from the normal operatidineofishery,

* The interface should be simple to specify, makioggliance simple for the industry,
and easy to ensure by the management authority

The western partition should contain as much ofd#aelegged banana catch, and as little of the
common banana catch, as possible.
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6.3 Develop new and novel assessment
techniques for the prawn stocks

6.3.1 Develop a size-structured model for tiger prawn species

Three species in Australia’s Northern Prawn Fist{EgneausemisulcatusP.esculentusand
Metapenaeusndeavoul) are assessed using a size-structured populatimamacs model which
operates on a weekly time-step (Step 3 — Figur&Hg.parameters of this multi-species
population dynamics model, which include annuatugment, fishery and survey selection
patterns, parameters which define the size-tramsiatrix, and recruitment patterns, are
estimated using data on catches, catch-rates hidregjuency data from surveys and the fishery,
survey indices and tag release-recapture data.

The model allows for the technical interaction agntime three species a result of bycatch when
targeting one or the other species. The resulta free multi-species stock assessment form part
of the basis for evaluating the time-series of lvasc(by species) and levels of fishing effort (by
fishing strategy) which maximize net present valtlgee bio-economic model takes into account
costs which are proportional to catches, and tidseh are proportional to fishing effort, as

well as fixed costs. The sensitivity of the resigtexamined by changing the assumptions
regarding the values for the economic parametetiseolbio-economic model as well as those on
which the assessment are based. Appendix 7 prowidigail the model, assumptions and the
estimation procedure and data used.

In common with previous stock assessments of gex ind endeavour prawns (e.g. Dichmaint
al., 2003), the population dynamics model operatea weekly time-step:

Mk,y,wﬂ,s: xk,sH K, y,wst,y,ws-'-O'S_R(,y,wﬂ (1)
whereN, , ¢, is the number of prawns of specleand ses in length-class (1mm length-

classes between lengths of 15 and 55 mm) aliieeadtart of weekv of yeary (N denotes

K,y,w,s

the vector of numbers by lengtthl is the survival matrix for speciésand sexs during

'K,Y,W, S
weekw of yeary (a diagonal matrix witle “**' on the diagonal)X,  is the growth matrix (the
probability of an animal of speci&sand sexs in size-class growing into size-clagd during a

week, R, , , is the recruitment of specikgo the population during week of yeary:
A wReviy, if | =15mm
Ry =1 " | )
0 otherwise

a, ,, is the expected fraction of the annual recruitnienspeciesx that occurs during week,
R.; is the recruitment of speci&siuring ‘biological year'y, and y(y, w) is the ‘biological
year’ corresponding to week of yeary:
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y w<40
. 3)
y+1 otherwise
on animals of specidsin length-class during weelw of yeary is given

W%M={
Total mortality, Z
by:

K,y,w,1?
Zeywi =Mt F (4)

where M, is the average (over week) weekly instantanedesofenatural mortality (assumed to

be independent of sex, length and time), &ndl,,, is the fishing mortality on animals of species

k in length-clas$ during weekw of yeary.

Equation (3) implies that the ‘biological year’ gges from week 40 (roughly the start of
October) until week 39 (roughly the end of Septembile Equation (2) implies that
recruitment contributes only to first length-clasmsidered in the model. Growth is assumed to
be time-invariant (seasonally and annually) andatiieual recruitment pattern (defined &y, )

is assumed to be the same each year in the abskedat to parameterise seasonal growth and
time-dependent recruitment patterns.

The spawner stock size index for spe&i@sd calendar yegr S ,, is computed using the
equation:
- 1_ e_zk.y.w,l
Sﬁ)’ = Zﬁk,wz a)Kl Nk,y,wfem,l (5)
w I Zk,y,w,l
where 4, , is a relative measure of the amount of spawningd&ciek during weekw, and
@, is the proportion of females of specleis length-clas$ which are mature.

For the purposes of this study, it is assumedttieprobability that an animal in size-class
grows into size-clagsduring each time-step is governed by a normatidigion, i.e. for each
species:

exp(_{uo.s—(u + Ik,s,i)}zj i 6)

— 1
Kesii = [[, N 2(0]'(,5)2
where Jll(ys determines the variability in the growth incremfartanimals of specidsand ses,
L, is the lower limit of size-classe$j, and |, ; is the growth increment for animals of
speciek and sexs in size-class$, determined according to a von Bertalanffy groadive
parameterised in terms af . and/ le.:

o,k,s?

L s :(goo,k,s_l—i)(l_e_l(k’s) (7)
Annual recruitments for the years for which infotrmaa on catches and survey indices of
recruitment is available (1970-2008) are treatedstisnable parameters while those for (future)

years are assumed to be relatetﬁgg according to a Ricker stock-recruitment relatiopsh
Ry =05, €4 (8)
where R, is the conditional mean for the recruitment dutangjogical year (i.e. the

recruitment from October of yegl to September of yeg) based on the stock-recruitment
relationship, and¥, and Bk are the parameters of the stock-recruitment ceatiip.
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The relationship between the actual recruitmenfdture yeary and the conditional mean based
on the stock-recruitment relationship is given by:

I:\>k,y = R<,y ék'y ,7k,y+1 = pr,k”k,y+\[1_p$,kfk,yrl Ek,y+l - N (O’Urzk) (9)
where p,  is the environmentally-driven temporal correlatiomecruitment (account needs to

taken of the possibility of environmentally-drivesmporal correlation because the residuals
about the fit of Equation 9 exhibit auto-correlajioando, , is the (environmental) variability in

recruitment about the stock-recruitment relatiopshi

Fishing mortality and catch

Catch in the model is a function of weekly stocesithe level of fishing effort expended each
week, the relative fishing power of the fleet iattlyear, the relative availability of each species
in each week, the size selectivity of the fishimgug and the catchability of the species. The
fishing mortality on animals in length-claisduring weekw of yeary, F Is given by:

AN

I:k,y,w,l :Ak,wyy,wsil(dli Q,w-i- (i av) (10)

where ESCVB is the effort during weew of yeary ‘targeted’ toward$. semisulcatugG) andP.
esculentugB), g°'® is the catchability coefficient for the fishingategies targeting.
semisulcatugG) andP. esculentugB), A, is the relative availability of animals of species
during weekw, y, ,, is the relative efficiency of the two fishing strgies during weel of year
y, and S[yl is the selectivity of the fishery on animals oésjesk in length-clas$ (assumed to be
a logistic function of length).

The catch (kg) of prawns of speclesf size class during weekw of yeary (Y, , ,,,) is given by:
Yk,y,w,l :sz,s,lvk,y,w,sl (11)

wherew, ,, is the mass of animals of spedieand sess in length-class, and

Yk — Fywi (1_ e_zk‘y,w,l) (12)

VWS T T Zy gy K WS

Total mortality as a function of length does nepdnd on sex as both fishery selectivity
and natural mortality are assumed to be indeperafesex. However, dimorphic growth means
that mortality due to the fishery is sex-specific.

Economic model

The economic model estimates the flow of costsramdnues from fishing over time. It differs
from the previous bioeconomic model (Dichmenal, 2008) in that it incorporates fixed as
well as variable costs, and allows for prices tpahel on prawn size. The objective function
involves the maximisation of the net present véNieV) of the flow of profits over time, from
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the first year (taken to be 2008 in this studyth terminal year of the simulation (taken to be
2050), given by:

NPV = 31, /@) + [ i)/ i)™ 13)

wherei is the rate of interest (the discount rate, assuméd 5% per annum in this studyy, is
the profit during yeay, and 7z is the level of profit during the terminal yearoftts were
assumed to continue at the leve! indefinitely on the basis that the system is inikoyium.

The level of profits in each year (including them@al year) are given by:

7T, = Z{Zk: ka, v Yy~ VG, W} -Q .V, (14)

wherey, , . is the average price per kilogram for animals @fcapsk in length-clas$ during
weekw of yeary, VC, , is the total variable costs during weelof yeary, Q  is the average

annual fixed costs associated with a vessel operdtiring yeay andVy is the number of
vessels operating during yearThe model assumes that all of the cadhy ¢,) is landed, which
is not unreasonable since the fishery is currantiypaged using input controls and therefore no
incentives exist to high grade or otherwise dis@arg of the catch. The combined term

Vieywi Yeyw TEPresents the revenue each week associatedawithspecies and length class.

Variable costs include labour, fuel (and oil) cosisd other material costs. Maintenance and
repair costs are also assumed to be variable¢lae to the amount of fishing effort) for the
purposes of the model. Crew are currently paidaaesbf the revenue, while other material costs
are proportional to the size of the catch in weiifariable costs, therefore, are given by:

VCV,W:ZZI:(CL\&,MW,I-I- Cl\/I:IYk,y,wI-I-( Q+ Q) Emn (15)

wherec,_ is the share cost of labous,, is cost of packaging and gear maintenance (asstoned
be proportional to the fishery catch in weight), is the cost of repairs and maintenance per unit
of effort, c. , is the cost of fuel and oil per unit of effort dugi(future) yeay, andE, , is the

total effort (E,,, = E{,, + EJ,).

Fixed costs Q) include a measure of the opportunity cost of tedypilepreciation, and other
annual vessel costs (i.e. those not related ttethe of fishing effort) such that:

Q, =W, +(o+d K, (16)
W, is the annual vessel costs,is the opportunity cost of capital (equal to theerest rate=i),
d is the economic depreciation rate, atg is the average value of capital (vessel plus gear)

yeary.

The key choice variable in the model is fishing#&fby fishing strategy, week and year. Effort
for the first seven years of the projection peiigdelected to maximize Equation (13), with
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effort for the seventh and all future years seh#d for the seventh year (Dichmaeital, 2008).

A key reason for only estimating a subset of thesfae time-series of effort levels is that effort
converges to a constant value when the dynamicgedeeministic and because the results of the
model are only used to set effort levels for the fwars following the year for which the most
recent data are available. Further, the reliabditjorecasts of economic parameters (input and
output prices) decreases with length of forecasatsempting to use the model to determine
optimal effort levels over anything other than takatively short term would be unrealistic.
Maximization of Equation (13) is subject to the straints that annual profit is non-zero, i.e.

7, 20 (ensuring that the model does not “close” thedfigior reduce effort to a level that

would result in short term losses in order to abtanger term gains), and that effort for each
fishing strategy cannot drop below half of that2007 (2777 days).

6.3.2 Apply Bayesian hierarchical biomass dynamic models to
assess “data poor” stocks

Conventional biomass dynamics models express maxts/biomass as this year’'s biomass plus
surplus production less catch. These models arealy applied to species with several age-
classes but it is unclear how well they performdort-lived species with low survival and high
recruitment variation. In this study we apply Bagashierarchical biomass dynamic models to
assess the “data poor” stocks (e.g. blue endeaytep 3b- Figure 1). This is a unique
modification of the typical biomass dynamic modgibich previously have not worked that
well in the NPF) that are able to share informatomong stocks to provide priors at a “hyper
parameter” level as well as simultaneously considdooth process and observation error. This
means that regions with poor contrast and inforomaith the data can draw information from
informative regions.

In order to check this method, it was first appliedhe “data rich” species (i.e. the tiger prawn
species). Once this check was complete the metlagdiven applied to Blue Endeavour prawns
which are defined here as “data poor” (“data pa@s'the key biological parameters are unknown
particularly biological data needed for parametgios of size and/or delay difference models
but not for Bayesian biomass dynamic models) (App=as 8-10 provide detailed applications

of this method to grooved tiger prawns, brown tigexwns and blue endeavour prawns,
respectively).

Two alternative versions of the standard biomassnhycs model (Standard) were constructed
for short-lived species by ignoring the “old biorsagerm (Annual), and assuming that the
biomass at the start of the next year depends uositgedependent processes that are a function
of that biomass (Stock-recruit). These models idexl to catch and effort data for the tiger
prawns stocks (brown and grooved) and the blueaamde stock using a hierarchical Bayesian
technique. The results from the biomass dynamindeals were compared to those from more
complicated weekly delay-difference models. A efriof formulations of the biomass dynamic
models have been developed and examined (revi€uiimn and Deriso 1999). An implicit
assumption of most biomass dynamics models isnttairal mortality is not very high so that a
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fairly large proportion of the biomass at the stdrthe next (annual) time-step consists of the
biomass at the start of the current time-step. &i@wn, the suitability of these models and their
assumptions have rarely been examined for shattispecies such as tropical prawns and
squids that exhibit high annual recruitment vaoiatand for which the catch comprises only a
single age class.

As the catch-effort data are the main reliablenmf@tion we have for prawns, biomass dynamics
models seem to be the most appropriate tool faksissessment. In this method, we assume
prawns in each stock region is biologically indegemt of prawns in other stock regions, i.e.,
there is no spawner or larvae migration among ahe $tock regions. For stock regigrthe
deterministic version of the biomass dynamics maodal be written as:

B, 4
B,, =B, + rSBS’y_l(l— K'y 1] ~> Cotyar (1)

whereB is biomass (in ton), is the intrinsic growth ratés is the carrying capacity; is the
catch. The subscriptis yearsis stock, and is fleet.

The values for the parameters in equation 1 wemmated by fitting them to data on catch-per-
unit-effort (CPUE). For a multi-stock, multi-fleBshery the model-estimate corresponding to

the catch-rate for stock fleetf, and yeay, U ; , is:

A

Us,f,y:qsnyBs y! (2)

whereq, ; is the catchability coefficient for stoskand fleeff, and P, is the relative fishing

power during yeay. The observed catch-rate was assumed to be logaflgrdistributed about
its expected value in common with most applicatiohiomass dynamics models (Polacheck et
al. 1993; Meyer and Millar 1999).

U,,,~log-normalg n(EU, , , 17y, )} 3)

wherer, . ; is the precision (the inverse of the variancehefobservation error for the catch-
rate data for fleelt 7, .  is allowed to differ among fleets because it waudd be expected that

fleets that target a species and which take ityasalich would lead to indices of abundance with
the same extent of precision as would be the casz target fleet.

We assumed that deviations about the expected Boara log-normally distributed (Meyer and
Millar 1999; Chaloupka and Balazs 2007), i.e.:

B, , ~ log— normalfn(E[B, ,]).7 ¢ ¢ (4)

wherery , is the precision of the process error for stacK’he prior for the biomass at the start

of the first year of the modelled period is assurteelde the same as for the carrying capacity for
stocks.
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It is necessary to specify prior distributions &tirof the parameters of the model to implement
each of the three state-space models within arcigical Bayesian framework. Under the
assumption that the population growth parametercatchability are unlikely to differ
substantially among stocks, it was assumedrti&tandq for each stock and fleet were log-
normally distributed about a common mean, i.e.glpgameters for each stock are random
effects about a common mean, i.e.

r, ~ log-normalf, 7, )
K, ~log-normalf, 7. ) (5)

Al

O ~ Iog-normaIQJq’f Tot)

Where £ and 4, ; are the prior means forand fleet-specific catchability, andz,  are the

corresponding prior precisions, aa@ndb are the lower and upper limit of the uniform
distribution. Collectively, these parameters arevkn as hyper-parameters (Harley and Myers
2001; Swet al.2001). We assumed a normal distributionM( 7y), for ug, where@is eitherr or

g. Bayesian hierarchical models have the advanthgéshere is no need to specify the values
for the parameters of the priors, but rather thafdbe hyper-parameters, and that the results of
models are less sensitive to the values for paemsef the hyper-prior than those of the prior.
We specified values for the meardd of these hyper-priors (McAllisteet al 2004; Askeyet

al 2007) by considering results from non-hierarchBayesian models and set the values7gr
to large values so that the hyper-priors were ikahbt non-informative, but still proper (Gelman
2006). The values for the precision hyper-paramgievere set using a half-Cauchy
distribution (Gelman 2006).

The hyper-priors for thes, as well as the priors for the observation preas;r, and the
process precisiongy ., were set to proper, but reasonably non-inforneag@mma distributions

with mean 1 and variance 1000, i.ggmm&0.001,0.001.

s, 1

In summary, the hierarchical structure of the aliéiwe biomass dynamic models contain the
following levels:

Hyper-priors:Mg assigned/y half-Cauchy distribution;
Hyper-priors:ug~ N(Mg, Tg), 7o~ G(0.001, 0.001);

Hyper-parametersy, , 4, , fy ¢, Ty T,y Ty s

Priors: logK9~N( 4y .7 ), 109(Bs)~N(I0g(EBs ), 7s), logd~N(£ .,),
log(@s )~N(44, ¢+ 74 ¢ ), T,s,~G(0.001, 0.001)75 s~G(0.001, 0.001);

ParameterKs, I's, 0s, Bs ;10707 ¢ g s:

Data:Us v

Given the assumptions regarding the nature oftéte-space model, the priors for the
parameters and those for hyper-priors, the postdistribution is proportional to:
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S,y
where the underlined parameters denote a vectorbrx over stocls, fleetf, and/or yeay.

The Gibbs sampler, a Markov chain Monte Carlo (MONKEChnique, implemented using the
WinBUGS package (http://www.mrc-bsu.cam.ac.uk/bwgs3 used to sample parameter vectors
from the posterior distribution (Eqn. 6). Three Kar chains were conducted based on
dispersed initial values, and the results of thet #,000 cycles of each chain taken as the burn-in
period. The results of an additional 60,000 cyéles the three chains were saved, which
formed the basis for further analysis. Whethet@&VIC algorithm converged adequately to the
posterior was evaluated by visually examining tire¢ chains for each parameter in Eqn. 6 and
using the Gelman-Rubin diagnostic statistic (Béstl.€1996). From these estimated parameters,
we derive the management parameter, the maximutaisakle yield MSY for stock:

rSK S

MSY = (7)

6.3.3 Develop an integrated bio-economic model

A framework is described whereby effort levels #meir associated catches consistent with
maximizing the net present value of fishery profiter time can be calculated when each
harvested prawn species is modelled using a diffgrepulation dynamics model. The
modelling framework (the integrated bio-economicd@ld includes the three prawn species
(Penaeus semisulcatu3. esculentysandMetapenaeus endeavolim Australia’s Northern
Prawn Fishery and three population dynamics ma@ets-structured, delay-difference, and
biomass dynamics) (Step 3c) (Appendix 11 providdstailed manuscript of this study as a
reference).

The delay-difference and size-structured populatigmamics models are specified by Dichmont
et al (2003) and Puret al (2010) respectively and Appendix 7. The applaragiof the biomass
dynamics model are based on the “standard” modghotiet al (2010), i.e.:

B.,u=[B.,+"{1-B,,/KJ)-C.Jé> " 1  ~N(©007%) 1)

1,8,y i,sy i,s,y

where B (| is biomass of stockof species at the start of yeay, 1, , is the intrinsic rate of

growth for stocks of species, K is the carrying capacity for stoslof species, C,  is the

catch (in mass) of prawns of stagkf species during yeary, and g, , is the standard deviation
of the process error for stoslof species. The economic objective function is the maximat

of the net present value (NPV) of the flow of ptefover time, from the first year (taken to be
2008 in this study) to the terminal year of thedmtion (taken to be 2050), given by:
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T-1
NPV =Y 7, /(L+0)"" +[rz; /o]/ L+ 0) ™™ )
y=1
whereo is the discount rate (equivalent to the opportuodst of capital and assumed to be 5%

per annum in this studyyz, is the profit during yeay, and 7z; is the level of profit during the

terminal year. Profits were assumed to continudetevel 7z. indefinitely on the basis that the
system is in equilibrium.
The level of profits in each year (including theméeal year) are given by:

ﬂy:ZR,y_Z(Q'FCF,y)E;_QyVy 3)
i f
where R,y is the net revenue obtained from catches of spediring yeary (net revenue being

revenue less costs which are proportional to the ai the catch)Eyf is the effort expended by
fishing strategy (that targeted toward®. semisulcatuer P. esculentysduring yeaw, c, is the
cost of repairs and maintenance per unit of effgrt, is the cost of fuel and grease per unit of
effort during (future) yeay, V, is the number of vessels (assumed to be 52 faarthlyses of
this study),Q, is the average fixed costs associated with a vegsehting during yeay, and
includes a measure of the opportunity cost of egstuch that:

Q, =W, +(0+d)¥, (4)
W, is the annual vessel costs (i.e. those not retatéte level of fishing effort)o is the

opportunity cost of capital (equivalent to the digiet rate as noted above),is the economic
depreciation rate, an#, is the average value of capital during ygar

The choice of the appropriate formula for net rexeefor speciesduring yeary, Ry , depends
on the model of the population dynamics, i.e.:

Yla-covy, -6 DY, Size-structured model
| w
Ry = [(1— OV, ~ G ]z Y2 Delay-difference model  (5)
I:(l_CL ., ~ G, ]Z HY:] Biomass dynamics mod

where v, | is the average price per kilogram for prawns @fcegsi in size-class$ during
(future yeary, v, , is the average price per kilogram for prawns efcegsi during (future year)
Y, Yivs‘y"zwyl is the catch (kg) of prawns of species size-clas$ during weekw of yeary (based on

Del
LY W

the size-structured modely,., is the catch of prawns of specieduring weekw of yeary

(based on the delay-difference modd@)Y®°] is the expected catch of prawns of spetias

iLy,Ss
stock area during yealy (based on the biomass dynamics modgl)is the share cost of labour
(labour costs are assumed to be proportional befisrevenue), and,, is cost of packaging and
gear maintenance (assumed to be proportional thstery catch in weight).
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The expected catch of prawns of specimsstock area during yealy based on the biomass
dynamics model is the average over draws from tygeBian posterior distribution as well as

future sequences of process error (i, in Equation 1).

The population dynamics in the delay-difference sizd-structured models require estimates of
fishing effort by week while the annual total effased to update the population dynamics in the
biomass dynamics model is the annual effort bykséwea. For the analyses of this study, the
effort by week (and fishing strategy) is computgdrultiplying the annual effort by the
proportion of effort by week (where, for consistgmath previous analyses, the proportion of
effort by week is set to the average proportioeftdrt by week over 2003-7), given by:

wi _ fpef
Ewy = €Ey (6)
where Evvv”fy is the effort expended by fishing stratdgiuring weekw of yeary, ande, is the

proportion of total effort expended by fishing stgyf during weekw (such thatzweva =1

This proportion is assumed to be static over tigee (Punét al. (2010) for analyses that explore
the sensitivity of the outcomes of the economicslehto different assumptions regarding the
proportion of effort by week). The proportion ofat that occurs in each stock area is assumed
to be time-invariant and is selected to maximisadfign 2.

The key choice variable in Equation 2 is fishinfpefby fishing strategy and year. Effort for the
first seven years of the projection period is delé¢o maximize Equation 2, with effort for the
seventh and all future years set to that of thestvyear (Dichmongt al, 2008). A key reason
for only estimating a subset of the possible tirages of effort levels is that annual effort
converges over time to a constant value when thardics are deterministic. Moreover, the
results of the model would only be used to setdwtrand effort levels for the two years
following the year for which the most recent data available. Maximization of Equation 2 is

subject to the constraints that annual profit is-mero, i.e.7z, =20, that a boat cannot fish for
more than seven days each week, and that effonbtde less than half of that during 2007.

Further constraints have been imposed (when maxignisquation 2) in that effort (and hence
catch) is zero if the average spawning biomass theefive years before the year for which an
effort (or catch) is needed is less than 50%ef (the stock size corresponding to MSY).
However, this constraint does not impact the resfithis analysis given the current size of the
modelled species.

In terms of parameter estimation, Dichmenal (2003), Punget al. (2010) and Zhoet al

(2010) respectively describe the approaches usestitmate the values for the parameters of the
delay-difference, size-structured and biomass dytemodels. The values for parameters of the
economics modelq ,c; ,,c , ¢,,d, K,V  ,andy, ) are setto those in Table 5.2 of Pant

al. (2010) (Appendix 5 — this study).

Wy

Model outputs and scenarios

The results from the economics model are summabygate expected catch for 2008,,.,, the
long-term catch under an MEY stratedy,., , the number of fishing days for 200B,,, the
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number of fishing days in 2014 and later under d&i\trategy,E, -, , the ratio of 5., to
Susy 3 for each species, and the relative profit. Th&t fivo of these quantities are reported by

species, and the second two are reported forshen§ strategy which targes semisulcatus

and for that which targe®. esculentusThe relative profit is the profit for the scemaunder
consideration relative to that of the referenceecx®nario (all species modelled using the size-
structured model). The stock sizes in 2007 relatv&sy andSyey are also reported to indicate
the extent of recovery needed to move each sptribe target level. The results for the
biomass dynamics model are averages over drawstfremosterior distribution and over future
sequences of process error. The biomasses byateakrom the biomass dynamics model are
aggregated across the entire NPF for comparability the results from the size-structured and
delay-difference models. The scenarios (Table &jreme various choices regarding which
species are modelled using which estimation franesvbAlthough, Table 1 is not a fully-
balanced design, it rather reflects the fact thatdata foM. endeavourare less informative

than those foP. semisulcatuandP. esculentysand hence that it is more likely that the biomass
dynamics model will be applied td. endeavourthan any of the other species.

Table 1. The model configurations by prawn spegibieh define the scenarios considered in the
analyses of this study. “Size”, “Delay” and “Bionsagespectively refer to the size-structured,
delay-difference and biomass dynamics models.

Case P. semisulcatus P. esculentus M. endeavouri
Reference Size Size Size

1 Delay Delay Delay
2 Biomass Biomass Biomass
3 Size Size Biomass
4 Delay Delay Biomass
5 Size Biomass Biomass
6 Delay Biomass Biomass
7 Biomass Size Biomass
8 Biomass Delay Biomass

® The calculations of MSY are based on the assumptfcdeterministic dynamics for all species (inéhgithose
modelled using the biomass dynamics model).

* The software is written so that either the sizaesured model or the delay-difference model carapplied, but
not both simultaneously.
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6.3.4 Provide an approach for setting output controls for the banana
prawns stocks

The banana prawn catch in the NPF consists of telodical species, nameRenaeus
merguiensigcommon banana prawns) aRdindicus(red-legged banana prawns), which are
undifferentiated in the catch. In order to set TAQsthe two species, the recommendation is for
the banana prawn component of the NPF fishery foabitioned spatially into two regions (and
a separate banana prawn TAC be set for each).etoenmended dividing line includes an East-
West North division extending north from Peace P(i29.3567E) along the same longitude.
This partition creates an Eastern Banana prawik seggon and a Western Banana prawn stock
region.

In this project the options for setting output cofg and the impacts thereof for Eastern Banana
prawn stock region was evaluated as part of almrsefit analysis (CBA) A summary of the
method is provided below (Step 3d — Figure 1).

For the Western banana prawn stock region in teerate of an assessment, the default would
be to rely on aad hocempirical approach as developed in the CBA — tivesstant TAC (which
relies on choosing a quantile of the observed eaiciAlternatively in this project, two
preliminary assessments of the Western banana ptghk region have been developed (a
guarterly difference model and a Bayesian Hieraatiomass dynamic model). The method
for both of these is also described below (alsé gamethod Step 3d — Figure 1).

Eastern Banana Prawn region: Cost Benefit Analysis

Strictly when this study was undertaken (Appendx io decision had been made on the
boundary between the eastern and western banaskarstpons however the method remains
exactly the same and has been party repeated mdkerecent NPF Assessment (2010). The
key aspect of the cost-benefit analysis is itsalicemparison with thetatus quethat is, the
input controlled system, with the same future poétcatches. As all indices are computed
relative to an input controlled system - it is teative change, between revenues (in one system
versus the other) and costs (in one system vengusther) that are estimated. The implications
are such: the main performance indicator (profiijler a simulated output controlled system is
compared to the potential benefits obtainable uadanput controlled system and since this
indicator represents the incremental gains reldtwbe currenstatus quoit is termed
incremental profit.

® At the time of the analysis the boundary betwd®n Eastern and Western banana stock regions hadeeot
reviewed by the RAG (and NORMAC) thus previous gs@s use an alternative boundary. The latest RAG
assessment (2010) for banana prawns which religheoresearch in this project uses the most rdoemtdary as
reviewed by the RAG.
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As all indices are computed relative to the inpanitool case it is the relative change (thus deltas
(As)), between revenues and costs that matter. &g {grnormally revenue minus costs, the
incremental profitiPy) in the analysis is given by:

IPy = ARevenu;— ACosg

1
=((3, a-0)- o)™ - (p(-0) ~0)C3™)) - v(E™ - E™) @

wherelPy is the incremental profit in year y:;“‘)d and C;bs are the model estimated and
observed (actual) catches respectivﬁg/”,Od and E‘y’bs are the model estimated and observed

effort levels (boat days fished) respectivglys the average banana prawn priﬁg,is the

assumed price received in ygac is the crew share of revenuw=(.23),0 is other variable
costs associated with the catch (e.qg. freight, pgicly,0=$1060) and/ is the average variable
cost per boat day fished (v=$4000) (data from 2088 prawn assessment see NPFRAG
(2008)).

In the base scenario, it is assumed that p = g88XXonneThat is, there is no price

premium. In other scenarios, a price premium isiagsl to exist in years when the TAC is
binding and fishers have an incentive to improwrthuality by fishing slower. That is,

_ { 8000 whereTAC, = C*
, =

2
P (8500 9000 or 9500 whereTAC, <CJ* @)
whereTAG, is the total allowable catch in yearThe TAC was set in a range of ways depending
on the scenario examined. In the second scenakiGsTwere set as a constant level over all
years, but the constant TAC level was varied betvtke 10 per cent and 100 per cent quantiles
of the observed catches.

In the third set of scenarios, the TAC is updatasell on a pre-season recruitment survey
estimate of the catch and tbeis the assumecbefficient of variatiomepresenting the accuracy
of the recruitment survey. Recruitment survey ieditor banana prawns were obtained from
Milton et al. (2008). At present, a preliminary evaluation ofs@tual relationship between the
recruitment index and catches indicate that aioglahip does exist but thow is likely to be in

the region of 0.35 at the very best (and greatet,is 0.4 and above, thus we assumed a value of
0.4 for all the analyses).

Thecv of the recruitment survey versus observed catchalso varied between 10 per cent and
100 per cent. &vof 10 per cent implies that the relationship isussed to be known very well,
whereas av of 100 per cent assumes a very poor connectiomeaet the recruitment survey
index and the subsequent catch.

As a preliminary harvest control rule an initial TAGnin) is set based a quantile of the historical
catches and after this first step the pre-seasonitment survey is used tocreasethe TAC if
the recruitment survey indicates the potentiallt&agreater than initial TAC (&n)-

C.. WhereC®<C__
TACy = surve ’ obs (3)
1000+ 042C; ywhereCy >C,;

n
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In Equation 3 we use the observed catches becagigi® wot have a long enough abundance
series to genera@®™®. In reality, the HCR should be modified such thatlates to the survey
index but this task is outside the scope of thiggmt. Furthermore, the potential future catch
(here drawn from the historically observed catcymot be the same as the TAC since the
TAC can be set higher than what is available. Tioeee the catch in each year in the model
under an output control system is either the olexkpatch (when the TAC is set too high) or the
TAC. This can be mathematically expressed as

C‘y’bS whereTAC, > C;bs
TAC, whereTAC, <C™

mod _—
y

(4)

The model effort in each year was derived fromasgumed catch, and given by
Ey™ =a, exp(8,CJ"™) ()

Whereay andp, are year specific coefficients derived from theated cumulative catch and
effort data each year.

Western Banana Prawn stock region — Quarterly bissrdynamic difference model on
redlegged banana prawns
A discrete population model was constructed forlegmyed banana prawns in the Joseph
Bonaparte Gulf (Western banana prawn stock regisripllows. Appendix 13 provides a
detailed manuscript of this study as a referenbe.model time-step is quarterly (3 month
quarters), with the number of prawns in ygand quartes (N, ;) given by:

Ny =N, €™ -C, +R

y,s+l T y,s+1

fors=1to 3 (1)
and

N, =N, e -C ,+R fors=4 2)

y+11
where

N, . is the number of recruited prawns (those corredpgto a size large enough to be
fished) at the start of quartem yeary (which refers to a calendar year),

R,s is the number of recruits (number of 6-month miawns) which are added to the

population at the end of each quader yeary,
M. denotes the natural mortality rate during quas{@ssumed in the Reference case to be

constant throughout the year), and computed byiphyitig the weekly natural mortality
estimate by 13 (weeks) to reflect a quarterly nibyteate; and

C, s is the predicted number of prawns caught durirgytgus in yeary, with catches

arbitrarily assumed taken as a pulse at the eeddi quarter.
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Given catches are recorded in units of mass, tba@igted number of prawns caught during
guartersin yeary is computed from the following relationship:

C,. =AF,N, ™ 3)

s'ys

where

A  is the relative availability for quarterand for yeay, with an availability vector being

applied to the early period 1970-1987 and a sepasattor to the 1988-2006 (i.e. post
end of year NPF closure) and 2007 (first seasosuck) periods; and

F, . is the fished proportion in quarteand yeay of a fully selected age class.

The fished proportion reflects the catch by ma@Ss{ s) in quarters and yeary as a proportion
of the exploitable (“available”) component of biossa

_ Cmass s
Fy,s - %;xs (4)

with
B =w,N, e ™A ()
where
w, is the average mass of prawns during quarter

One of the biggest challenges in constructing bsteamodel ofP. indicusrelates to improved
information on growth, and in particular quartethanges in growth. Length frequency data that
span a number of periods through the year are ddedgetter inform this aspect of model
development. As a first step, this preliminary mageed the female (because the male growth is
too slow on its own) von Bertalanffy growth paraerstand assumed that individual mass
increases through the year. An average length as$ wf prawns was thus calculated for each
guarter, assuming a median birth date of October.

The number of recruits at the end of quaster yeary is assumed to be related to the spawning
stock size six months previously (i.e. during twaders previously) by a modified Beverton-
Holt stock-recruitment relationship (Beverton analtH1957), allowing for annual fluctuation
about the deterministic relationship for Quarteend 2:

aB’h,

Rysn = —— ot @2 s=12
p+3.) ©
. s=34
y,s+1 Y — 9
B+ (By,s—l)

where
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a, fandy are spawning biomass-recruitment relationshipupaters (note that cases wjth
> 1 lead to recruitment which reaches a maximumedrtain spawning biomass, and
thereafter declines towards zero, and thus haveapability of mimicking a Ricker-type
relationship — the Reference Case ha$),

¢, s reflects fluctuation about the expected recruithfer yeary and quartes, which is

assumed to be normally distributed with standardadi®n oz (which is input in the
applications considered here); these residualteaed as estimable parameters in the
model fitting process, and a single set of resslismkstimated for Quarters 1 and 2
because almost all spawning is assumed to occurgitinis half of the year and is
assumed driven by the same environmental influeeaeb year,;

B,". is the spawning biomass at the start of quarteryeary, computed as:

B = f, O, [N, (7)
where
f, is arelative index of the amount of spawningmyquarter s.

In order to work with estimable parameters thatraoee meaningful biologically, the stock-
recruitment relationship is re-parameterised imteof the pre-exploitation equilibrium

spawning biomassK **, and the “steepnesdi, of the stock-recruitment relationship, which is
the proportion of the virgin recruitment that iglized at a spawning biomass level of 20% of
the virgin spawning biomass. Equation (6) can beiteen in terms of the “steepneds,’'defined
as the fraction of pristine recruitmeR} that results when spawning biomass drops to 2086 of

pristine level, i.e.:
hR, = R(02B7") 8)
which yields the following for the deterministicraponent of the formulation:
4h[R, (B
R(B:)= e
= B(-n)+ B3 (5h-1)

It follows that the total spawner stock size anctugment for calendar yegrare given
respectively by:

B = 3B}l (10)

S

9)

R =R, )

The resource is assumed to be at the determieigtidibrium (corresponding to an absence of
harvesting) at the start of 1980, the initial yeansidered here. The model estimates the pre-

32



exploitation quarter 1 spawning biomass, from whlah starting number of prawns can be
calculated using Equation (7), and it follows:

Ro1 = (1_ e_Ml)EBSE/(fl le) (12)

and similarly for the pristine numbers and recra@tinlevels in the remaining quarters, which
can then be added together to provide total spaymiomass and recruitment values for the

year. The model sets the starting spawning bionmessge first quarter By} = K*. Given the
total pre-exploitation spawning biomaBg", it follows that:

z fs EVVS DRO,S
Sp—_s
By W (13)

which can be solved fd®;, and hence the stock recruit parameters. The mediged to all
available CPUE data for each of the four quarters.

Western Banana Prawn stock region — Bayesian Hadviael biomass dynamic model

The method applied to this region (and predomigated redlegged banana prawn stock —
Appendix 14) is the same method as applied towetiger prawns species and blue endeavour
prawns (see method as outlined above in sectia 6.2pply Bayesian hierarchical biomass
dynamic models to assess “data poor” stocks).

6.4 Preliminary evaluation of potential changes to
fleet after introduction of output controls

A restricted profit function for the fishery wadiesated (Step 4 — Figure 1) to determine the
optimal vessel characteristics and output levels ggide to how the fleet may adjust under an
ITQ systemThe key objective of the study was to estimateatierage optimal vessel size and
catch, taking into consideration expected changgsices and stock conditions. Appendix 15
provides a detailed manuscript of this study asference. The move to ITQs in the fishery will
provide incentives for fishers to adjust their atyilevels in response to these conditions, and
any estimation of future TACs will need to takeoimiccount the expected future cost structure of
the industry as well as expected changes in inpditoatput prices. An advantage of using a
profit function to estimate the optimal size anthaty levels is that it allows for variation in

both inputs and outputs, with both assumed to degenous with respect to their relative prices.

Following Squires (1987) and Andersetral. (2008), the most general form of the restricted
profit function is given aslR(p,z) whereHR is the short-term restricted profit defined aalot
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revenue less the variable cogt$s a vector of variable input and output prices] ais a vector

of quasi-fixed inputs. The function is restrictezthuse it depends on the existing level of quasi-
fixed inputs. Total profits can be given by (p,p.,z)=HR(p,z)-pz, wherep; is a vector of the
(market) user prices of the quasi-fixed inputs.nitdotelling’s lemma (Hotelling 1932),
AHR(p,z)Bp = Q(p,z)andHR(p,z)z = -p*, whereQ(p,z)is the profit maximising level of
outputs or inputs given the set of prices and ¢lellof quasi-fixed factors, amd* is the

shadow prices of the quasi-fixed factors. The oglilevel of the quasi-fixed factors is
determined by equating the shadow price to theseprice, such thalHR/dz=p, (Squires

1987).

Given this, the optimal equilibrium level of inpwaad outputs (i.e. after quasi-fixed factors have
been optimised) is given kHR(p,z*(p,R))/ P, wherez*(p,p,) is the long run equilibrium level

of the quasi-fixed factors given the set of priegsishough restricted profit functions have been
estimated for a wide range of industries, relagifelv attempts to estimate profit functions have
been made in fisheries (Squires 1987, 1988; Astlad 2007; Andersemet al.2008). This is

most likely due to a lack of an appropriate timeeseof economic information in most fisheries.

A range of functional forms of the profit functiame available, the most frequently used being
the translog. This is a relatively flexible functad form, because it does not impose assumptions
about constant price elasticities nor elasticitiesubstitution between inputs and outputs. The
full description of the translog is presented inp&pdix 15.
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7. RESULTS/DISCUSSION

7.1 Targeting ability of fishing vessels: an
econometric analysis

Pascoeet al (Appendix 3) provide a detailed analysis of théity for vessels to target stocks
such that only one species is consistently lanttetheir analysis the catch of each separate
stock reflects multiple outputs in a productionsersince tiger prawns are clearly targetable
(from banana prawns), the analysis concentratéleotiger prawn fishery. Testing whether
there is a low or high degree of substitution ansbtigese multiple outputs provides an
indication of the need for species-group TACs qasate species TACs, respectively.

The tiger prawn fishery catch composition variesrahie season, with brown tiger prawns
caught mostly at the start of the season, withgddiger prawns and blue endeavour prawns
caught mostly at the end of the season. This igesitye of some degree of targeting ability
related to the relative seasonal abundance. Génestalck abundance on the fishing grounds of
brown tiger prawns peaks before that of the grodiget prawns.

A Bayesian estimation technique was used to estinhagrees of substitution of the outputs (aka.
catch) of each species caught in the tiger prasirefly (Pascoet al., Appendix 3). The results
indicate that, although a small degree of subsititut possible between endeavour prawns and
tiger prawns, it is slight. Further, historicallyete have been few economic incentives to
actively target endeavour prawns. Discussions mmtlatter (at NPF RAG meetings) have
suggested that endeavour prawns can be classffiad aconomic bycatch of tiger prawn effort

— indeed this work supports that assumption irptiesent stock assessment.

The asymmetry in the elasticities of substitutietween the two tiger prawn species suggests
that catches of predominantly brown tigers caralien with relatively low levels of bycatch of
grooved tiger, but catches of predominantly groawgers will generally include brown tiger
prawns. This is generally consistent with the caimmpositions that appear to indicate some
degree of targeting of brown tiger prawns earlthie season. The Morishima elasticities of
substitution (MES) for the two tiger prawn speciese estimated for each week of the tiger
prawn season over the last three years of the(8@05-2007) assuming average input levels (i.e.
In(X) =0) (Figure 2).
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Figure 2. Average MES by week over the tiger praaason, 2005-07 (Figure 3.3 in Appendix 3)

For most of the season, a substitution relationapfpears to exist between brown and grooved
tiger prawns, suggesting an ability to target brdigars and avoid grooved tigers to some
extent. This relationship, however, is still relaty weak, and a complimentary relationship may
exist at the very start of the season. In contthstg is little relationship between the partial
exploitation rates for grooved tiger prawn and ¢éhfus brown tigers. This suggests that the
ability to target grooved tigers and exclude brdigers is limited, with catches of grooved tigers
sometimes including bycatch of brown tigers andothmes not within the same period. These
results are consistent with the results at the mean

Thus as a summary, in terms of the two tiger pratecks, although there are times when
predominantly brown tigers are landed with reldgidewer levels of bycatch of grooved tiger
prawns, catches of predominantly grooved tiger psawill generally include brown tiger

prawns. Stated simply, the two species of Tigewpsand the economic bycatch species (e.g.
Endeavour prawns) are not separable. The mostgabeteans to manage the fishery as outputs
is via a combined tiger prawn species-group TACclwhvould indirectly also control catches of
endeavour prawns.

Based on these results, the project therefore dpgdlassessment methods for tiger prawns as a
group with endeavour prawns as an economic bydagch single TAC for the tiger prawn

fishery. However, before presenting the set ofsssent techniques applied to tiger prawns as a
group with endeavour prawns as an economic bycateldivert to the species split exercise in
order to provide an outline of progress with thisthodology.
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7.2 Update species split of catch groups and
determine split for the endeavour group

The endeavour species split model has been updétethe new endeavour prawn samples that
were collected from the fleet (see Appendix 4). $tatistical technology used to build the
species distribution models (Venabétsal, 2006) was further refined and both the tiger and
endeavour species split models were calibrated avitbnsolidated data-set that includes the data
collected in this project.

The refinement and calibration of these specias ldels have improved the accuracy of the
catch estimates at the species level, particutarlgndeavour prawns as the commercial
endeavour catch data collected by Venabtes. (2006) had a limited coverage in both spatial
and temporal scales. This was a significant coutidin to the research within the project as
estimates of catch and effort for the key spedemiimportant element of any assessment.

7.3 Estimated fishing power trends

Updates to the Fishing Power model and series (Aqige5) have been undertaken and the
following was completed: (1) the extent and treathwd technology changes since 2002 have
been reviewed and (2) the 2003 fishing power mogigsently used in the assessment have
been re-fitted and therefore the coefficients taveted using all the latest available data (1970
to 2007), and (3) a new model based on the paseisibdt emphasising the spatial changes in
the fishery was developed.

Over the last decade as the fishing fleet has eatlucsize, it has been noticed by several studies
that the spatial extent of the fishery has changldre has always been a concern that this
aspect needed to be included in the fishing powatets, thereby resulting in a preliminary
spatial model being developed in 2003 which hasgbdbeen used as a sensitivity test in the
assessment.

A new model (to be referred to as the 2009 integratodel — Figure 3) has been developed that
integrates the features of the 2003 basic andadpatidels, but also adds new statistical methods
that best captures spatial changes. The NPRAG @ginaethe ‘2009 model’ is the best estimate
of fishing power in the fishery, and agreed to 2009 model mid-high as a sensitivity
scenario. These fishing power models have now breemporated into the most recent NPF
Assessment (2010).
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Figure 3. Cumulative relative fishing power from0B0integrated model compared to three series
from 2003

7.4 Banana Prawns: Species Split — Banana
prawns into regions

As banana prawns are not included in this combspeties-group TAC for tigers and endeavour
prawns, a separate set of approaches for settiri@gsig\required for these stocks. However,
rather than separate these species based on yilentifie species at sea, the NPFRAG and
NORMAC agreed that these two species should réheeographically separated.

The banana prawn catch in the NPF consists of talodical species, nameRenaeus
merguiensigcommon banana prawns) aRdindicus(red-legged banana prawns), which are
undifferentiated in the catch. In order to set TAQsthe two species, the recommendation is for
the banana prawn component of the NPF fishery foalitioned spatially into two regions (and
a separate banana prawn TAC be set for each). Basilge dividing lines are presented
(Appendix 6), although here we only comment onahe tabled by the NPF RAG (November
16"-17" 2009 meeting) as a recommendation to go forwaMIQRMAC for a decision.

The recommended dividing line includes an East-Wilegsion extending north from Peace
Point (129.356%) along the same longitude (Figure 4). As it aath-South line it creates a
division of the banana stocks into a Western regiah Eastern region, with at the very least a
conservative 65% of the redlegged banana stodieiMtestern region and only 0.9% of the
common banana prawn stock. The Eastern regiondresspondingly the balance of the
proportions (35% and 99.1%, of redlegged bananarmma@and common banana prawns,
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respectively). Further deliberations by the RAGéthe region now defined as a zone
demarcated by the North/South line as noted, alsasel line of latitude (at £3); however
NORMAC must confirm acceptance of this boundary.

129.36

1
2-9
o 10-99
7| = 100-999

" 1000+

Latitude

130 131 132 133

Longitude

Figure 4. The division chosen to partition the anprawns stocks into two stock
regions (a Western and Eastern stock region). Slaiav total nominal effort for area
presented for 6 minute grid squares for 1990-20fe, the RAG recommended the’$2ine
of latitude also be part of the demarcation ofaheas and NORMAC must confirm
acceptance of this boundary.

7.5 Develop new assessment techniques: size
structured model

A suite of assessment models could be applied ghenange of biological and economic data
available for these stocks and the associatedsfl&atce each species of endeavour and tiger
prawns have very different biology and risk of lgeaverfished, it is essential that, where
possible, species are assessed separately antthésenare combined in the economic
component of the assessment.

This is similar to the present assessment systeahiiibntet al 2008). However, the present
assessment has not included the size data thattersly become available and requires more
biological information for endeavour prawns thaprssently available. As a result, new
methods have been developed: a size-based modbkfdata rich species and a hierarchical
biomass dynamic model for the information poor sggedAging animals such as prawns is
problematic.

A major contribution of this project is the devetognt of a size-structured assessment (Bunt
al., Appendix 7). The parameters of this multi-spegiegulation dynamics model, which
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include annual recruitment, fishery and survey&ala patterns, parameters which define the
size-transition matrix, and recruitment patterms,estimated using data on catches, catch-rates,
length-frequency data from surveys and the fishamg, tag release-recapture data (see &unt

al., Appendix 7).

The advantages of the size-structured model indluelgreater inclusion of available data
(specifically catch and survey length-frequencyaded well as tagging data), and therefore less
use of pre-specified parameters (for example geigcis estimated, not knife-edge); whereas in
the delay difference model this was originally tiod case.

The size-structured population dynamics model alkws grade-specific prices to be
considered unlike the delay-difference model whsctorced to assume that price is independent
of size. This has implications in terms of bothiimgai level of catch as well as optimal timing of
catch. The model has greater flexibility in ternigithing potential alternative effort regimes for
different assumptions regarding season length. ttaptly, since it still uses weekly time
intervals, this model provides a useful tool foakestion of the trade-off between TAC and
season duration/timing (as recognised by the NPER/&igure 5) by estimating the optimal
fishing pattern while estimating the profit intaetfuture.

Model fits to the data are shown in Figure 6 (tbeayved length-frequencies and model-
predictions from size-structured population dynamuwdel) and Figure 7 (observed survey
indices and model-predictions from the size-stmatdipopulation dynamics model for the
“recruitment” and “spawning” surveys). The fitsttee length-frequency data (aggregated over
year; Figure 6) indicate that the model is capableapturing the broad features of the catch and
survey length-frequency data adequately. The misddso able to follow the survey indices
fairly well (Figure 7), although the extent of afiloinal variation (i.e. variation beyond that
expected given sampling errors), is relatively high additional CV ranging from 0.11 to 0.40,
with these CVs being largest fot. endeavoui
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(b) “Spawning” survey length-frequency
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Figure 6. Observed length-frequencies (bars) andietqaredictions from the base-case size-
structured population dynamics model (line). Thieiea shown are averages over the years for
which data are available (with weights proporticioe¢ffective sample sizes).
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Figure 7. Observed survey indices (dots) and mpdalictions from the base-case size-
structured population dynamics model (lines) fa ‘trecruitment” and “spawning” surveys
(upper and lower panels respectively). The vertinak are 95% confidence intervals based on
the sampling error and the maximum likelihood eatarfor the extent of additional variation.

The size-structured model is however, much morepeaationally demanding than the delay
difference model. The key output from the stocleasment is the time-trajectory of spawning
stock size (Figure 8). The qualitative trends i éistimates of these quantities for the historical
period (1970-2007) are insensitive to the formhaf population dynamics model and the
inclusion (or otherwise) of the survey data. Howetlge absolute values for some of the model
outputs are quite sensitive to these specificatidhss is most evident for the first and last years
of the assessment period foresculentyswith the delay-difference model suggesting aidecl
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in abundance in the last year while the size-stineck model suggests an increase. This
difference is primarily due to different treatmentghe recruitment indices (which are treated as
indices of recruitment biomass in the delay-diffe@ model, but as a measure of selected
biomass in the size-structured model). Generdily rélative trends of the models (delay-
difference versus size structured) are not th&tiht, although absolute values for some of the
model outputs are quite sensitive to the modelipdcthe assumptions and the economic
estimates.
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Figure 8. Time-trajectories of spawning stock dipen the base-case size-structured population
dynamics model (upper panels), a variant of thisehan which the survey data are ignored
(centre panels) and the delay-difference modeldtgranels). The dotted lines indicate 90%
confidence intervals.
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Table 2. Summary of the outcomes of the integratethomics model. The values in parentheses faefeeence case denote 90% confidence
intervals. The annotated footnotes below providaramary of each of the sensitivity tests and tisaraptions made.

Case Ca00s (1) Cuey (O Svev/Svsy S2007Susy S007SveY Ezo08 (days) Eney (days) Relative profit
Referenct
P. semisulcatus 1039 1447 1.331 1.414 1.063 3587 5602 100
(839-1253) (1386-1536) (1.309-1.356) (1.339-1.499) (1.008-1.118) (2777-4217) (5422-5896) (93-108)
P. esculentus 852 1231 1.164 1.250 1.073 2777 4370
(783-927) (1148-1303) (1.134-1.203) (1.166-1.362) (1.002-1.161) (2777-2777) (4197-4542)
M. endeavouri 325 646 1.218 0.796 0.653
, (278-372) (593-699) (1.191-1.259) (0.724-0.888) (0.587-0.727)
P1
P. semisulcatus 860 1500 1.293 1.428 1.104 2828 5812 92
P. esculentus 719 1284 1.090 0.712 0.653 2777 3592
23/" endeavouri 192 649 1.296 0.544 0.420
P
P. semisulcatus 824 1608 1.239 0.964 0.779 2777 5392 115
P. esculentus 695 1313 1.081 0.705 0.652 2777 3861
'\4/1" endeavouri 311 691 1.190 0.555 0.467
E1
P. semisulcatus 852 1439 1.340 1.414 1.056 2777 5526 127
P. esculentus 833 1222 1.181 1.250 1.058 2777 4264
gs/l. endeavouri 307 644 1.233 0.796 0.645
E
P. semisulcatus 1213 1456 1.321 1.414 1.071 4406 5688 82
P. esculentus 871 1240 1.147 1.250 1.090 2777 4482
gél. endeavouri 343 647 1.201 0.796 0.662
E
P. semisulcatus 1025 1478 1.297 1.414 1.091 3526 5938 122
P. esculentus 851 1247 1.131 1.250 1.104 2777 4562
M. endeavouri 324 649 1.183 0.796 0.672
E4d
P. semisulcatus 1298 1290 1.470 1.414 0.962 4729 4327 42
P. esculentus 1094 1131 1.305 1.250 0.957 3687 3562
M. endeavouri 394 618 1.370 0.796 0.581
E4lf
P. semisulcatus 852 1491 1.280 1.414 1.105 2777 6097 113
P. esculentus 833 1253 1.118 1.250 1.118 2777 4640
M. endeavouri 307 650 1.170 0.796 0.681
E4C
P. semisulcatus 1263 1211 1.529 1.414 0.924 4574 3889 34
P. esculentus 1041 997 1.437 1.250 0.869 3471 2777
M. endeavouri 381 578 1.500 0.796 0.531
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(Table 2 Continued)

Case Cao0s (1) Cuiey (1) Svev/Svsy Sp007Susy S2007 Svey Ezo0s (days) Emey (days) Relative profit
E510
P. semisulcatus 1189 1396 1.486 1.414 0.952 4314 4858 101
P. esculentus 917 1200 1.167 1.250 1.071 2777 3994
M. endeavouri 297 602 1.408 0.796 0.565
Eell
P. semisulcatus 1002 1363 1.390 1.528 1.099 3522 5394
P. esculentus 928 1210 1.130 1.280 1.132 2777 4078
M. endeavouri 295 626 1.207 0.723 0.599
E712
P. semisulcatus 1027 1447 1.330 1.414 1.063 3534 5579
P. esculentus 851 1246 1.133 1.250 1.103 2777 4583
M. endeavouri 324 648 1.195 0.796 0.666
Eg'®
P. semisulcatus 1062 1447 1.332 1.414 1.063 3840 5601 100
P. esculentus 504 1231 1.164 1.250 1.073 1395 4371
M. endeavouri 247 646 1.218 0.796 0.653

'Based on the size-structured population dynamiadeimases all of the available data, uses gradeifpprices, assumes that effort is distributetbas the

season as in 2003-7, and assumes a fixed fle& wégsels. Unless specified otherwise, the cordigum of the population dynamics and economics

models for each sensitivity test match those ferrdference case.
’No survey data;
®Delay-difference population dynamics model (priaes independent of grade)
“Discount rate = 4%
®Discount rate = 6%
®Prices increase by twice the reference case fdremas
"Prices decrease at the historic rate of increaep@) until 2015
®Rate of change in fuel cost is twice that for thference case
°Prices decrease at the historic rate of increaéep@) and the fuel cost crashes in 2009 and theavees at 8% p.a.

9veekly distribution of effort is estimated (1 July81 December for the. semisulcatufishing strategy; 1 April — 31 December for fReesculentusishing

strategy). Effort is constrained not to exceed salays per week per vessel.
YThe weekly distribution of effort depends on thioefexpended (linearly interpolated between thesels)
%prices are independent of grade
3Free entry and exit of vessels (each vessel isatido fish for 135 days; the average number obdyred per vessel over the period 2003-2007)
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A series of sensitivity tests were run and theltesue presented in Table 2. Table 2
includes annotations that list the range of sentjttests.

The reference case analysis (see Table 2) sugbastsvo of the three specid3. (
semisulcatusndP. esculentyswere above the spawning stock size at which MSY i
achievedSusy, in 2007 and also above the spawning stock simeggonding to

MEY, Svey. In contrast, the third specibk endeavourivas estimated to be below
Susy andSyey, the latter by quite a considerable extent. Thisgon is robust among
the various sensitivity tests (note tlago7Susy is the same for all of the sensitivity
tests which vary the assumptions of the economidahioecaus&ysy is only

impacted by assumptions related to the biologibatacteristics of the stocks).
However, ignoring the survey data or basing thesssent on the delay-difference
model suggests that bofh esculentuandM. endeavourare currently belovgysy.

As expectedSyey is larger thargysy. However, the extent to which this is the case
depends on species, the method of assessmenheandlties for the parameters of
bio-economic model. The average (across casedhle Py values foByey/Susy are
1.33, 1.16, and 1.22 f&. semisulcatyd?. esculentusandM. endeavouri
respectively.

There are considerable differences among the sstysiests in all of the output
guantities and the extent of among-sensitivity v@station exceeds that attributable
to parameter uncertainty (Table 2). In other wob#gyween model uncertainty was
also high and it was important that the model coration selected was based on
scientific principles rather than selecting basedhe actual TAC. Some quantities
are, however, much less sensitive to the assungptibthe bio-economic model than
others. For example, the profit, relative to tlmatthe reference case analysis, has a
coefficient of variation of 30% among the sensititests. In contrast, the coefficient
of variation for the total catch over species atYV[Bverage across sensitivity tests of
3331t) is only 7.5%.

The among-sensitivity test variation in the totatioh over species for 2008 is higher
than the variation among sensitivity tests in thtele at MEY (14.6% vs. 7.5%). This
result is perhaps not unexpected because, whikethetcatch for 2008 and the catch
at MEY depend on the values for the biological paters of the stock assessment, as
well as the assumptions and parameter values édpiikeconomic model, the catch

for 2008 also depends on the estimate of recruitrfioenhe forthcoming year. Here

we refer the reader to the Appendix for furtheladst suffice to state that depending
on the model used and the estimates of recruitmeht latter year, the models
provide different estimates of the status of tlelst

In summary, the impact of the biological model (dmel data used to estimate its

parameters) consequently can have a substantiacinop the key outputs of the bio-
economic model.

46



7.6 Development of Bayesian hierarchical
biomass dynamic models

A suite of Bayesian hierarchical biomass dynamidet®were also developed and
tested for use in the NPF (Appendices 8-10)s is a unique modification of the
typical biomass dynamic models (which previouslyenaot worked that well in the
NPF) that are able to share information among sttzlorovide priors at a “hyper
parameter” level as well as simultaneously considdooth process and observation
error. This means that regions with poor contradtiaformation in the data can draw
information from informative regions. The can atsmientially enable separate TACs
to be produced for different regions of the fishery

These models are not as data intensive as the-délasence model above, largely
because they use annual-time intervals, which mieysare less computationally
demanding. They are performing well for grooveetigrawns (as a test of the
method and an ability to compare between methaatsipdat as well for brown tiger
prawns. These models have also been applied sfgibess blue endeavour prawn
(Figure 9a&b, Figure 10), and for all three specesbined (the two tiger stocks and
the endeavour prawns) providing an additional tephefor comparative integrated
model analyses.

For the grooved tiger prawns the same informati@sgnted for blue endeavours in

Figure 9 and 10 is presented in Appendix 8 (FiguBeand Figure 8.5). Similarly, for

the brown tiger prawns the same information presefdar blue endeavours in Figure
9 and 10 is presented in Appendix 9 (Figure 98.a8d Figure 9.5).

The hierarchical Bayesian biomass dynamics motiettie CPUE data of the two
tiger prawn fleets fairly well (Figure 9). Howevéine model performs better for some
stocks and the pattern appears to differ betweeitwib fleets (Figures 9a and 9b).
The grooved tiger prawn fleet has a lower obseswatiror for Stocks 1 and 2, while
the brown tiger prawn fleet has a lower observagioor for Stocks 3 and 4. These
results are in line with commercial catch datahiese regions.

Estimated biomass tends to be high in the earlysy&ad gradually reduces before
1990 (Figure 10). The status of Stock 4 is sligb#yter than other stocks. The result
indicates that biomass was below thg,Bevel of all stocks in 2007. The median
carrying capacity K is similar among stocks, vagybetween 1642 and 1879 t. The
median intrinsic growth rateranges from 0.38 to 0.78 for the four stocks. The
estimated total MSY is slightly under 1000 tonnes.

47



1970 1980 1990 2000
1 1 1

1 1
Stock 1 Stock 2

0.25 o
0.20 o
X 0.15 =
©
T 0.10 =
T
S 0.05 o
Qo
3 0.00 o
=
@) - -
=) 0.25
LIDJ T - 0.20
o T - 0.15
O
— - 0.10
y ~ 0.05
N - 0.00

T T T T T T T T
1970 1980 1990 2000

Year

Figure 9a. Observed catch-rates and the postemalian time-trajectories of predicted
catch-rate with 95% credible intervals for the séiget. Stock 1 = Outside GoC, Stock 2
= Groote, Stock 3 = Vanderlins, and Stock 4 = Weipa

1970 1980 1990 2000
| | | |

1 1
Stock 1 Stock 2

CPUE (tonne/boat-day)

1970 1980 1990 2000

Year

Figure 9b. Observed catch-rates and the postergalian time-trajectories of predicted
catch-rate with 95% credible intervals for the eBeat. Stock 1 = Outside GoC, Stock 2
= Groote, Stock 3 = Vanderlins, and Stock 4 = Weipa

The fleet targetindg. esculentusas a higher catchability than the fleet targeBng
semisculentus (compare Figure 9a to Figure 9b) iBhtonsistent with the
observation that blue endeavour tends to assowitticorown prawns in their
distribution.
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7.7 An integrated bio-economic model

This fishery uses a dynamic bio-economic modektoreate TAE and, in the future,
TACs. These models join the stock assessment madtbishe economic model.
Given that it is clear that different species hdifferent degree of data richness, a
critical element of this project was to take whaitsviearnt from the: (1) re-application
of the established delay-difference model, (2)rtbely developed size-structured
model (this project) and the (3) recently developttd the Bayesian hierarchical

biomass dynamic models (this project) and integitata into a single bio-economic
model.

Therefore, the present bio-economic model was eegto include almost any

combination of assessment model (the above menti@mee-structured, delay-
difference, and biomass dynamics models) (fetiat., Appendix 11).
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This approach is both unique and pioneering anatedethe opportunity to explore
the sensitivity of the different models and spec@sbinations to a range of
uncertainties (Table 1).

The results for the nine cases in Table 1 are suimathin Table 3. Even though the
time-trajectories of spawning stock size in Fig8rare qualitatively very similar,
there are marked differences in results amongitieegases. For example, while all
cases indicate th&ey/Susy > 1, the size of the spawning stock relativ&jgy and
Svey in 2007 is sensitive to how each species is medeHfor example?.
semisulcatuss estimated to be abo%sy andSyey for cases 1, 3 and 5 (cases in
which P. semisulcatuss modelled using the size-structured populatipmagnics
model). In contrast, only the reference case, asdéx3 and 4, suggest tRat
esculentuss aboveSysy andSyey.

There is considerable between-case variation 288 and long-term catch
corresponding to MEY (for example, between-case 6\K2.0%, 16.2% and 4.9%
for Cyoosfor P. semisulcatys?. esculentusandM. endeavourrespectively).
However, the total catch aggregated over speciesssvariable (CVs of 10.1% for
Caoosand 4.2% foCyey). The analysis in which the size-structured pojpara
dynamics model is used for all three species leatigghest catches (and effort
levels) for 2008, but case 8 (delay-difference nhéaleP. esculentuand biomass
dynamics model for the other two species) leadsgbest catch corresponding to
MEY.

In summary, when model uncertainty is eliminateel. @nly one type of model is
used e.g. the size based model), the greatestigaria future catches (especially the
first year of the prediction) seems to be due tcemainty in the economic
parameters. However, between model uncertaintyalgashigh and it was important
that the model combination selected was basedient8ix principles rather than
selecting based on the actual TAC.

The approach of this study provides a flexible fearark that enables species which
differ in terms of available data and which aresagquently modelled using different
population dynamics models to be used to estinettpnesent value and
consequently the catch and effort levels which mé#&ze net present value. The
framework currently includes three population dyr@models (size-structured,
delay-difference and biomass dynamics).

When reviewed by the NPRAG this framework was aekadged as novel and a
valuable contribution to the analysis of uncertaifior tiger and endeavour prawns.
The NPF RAG also therefore selected the best catibmof model, being the size
structured model for both species of tiger pravams] the Bayesian hierarchical
model for blue endeavour prawns. This series ofeholoices formed the basis of
the reference base case in the most recent NPRkasaessment (2010).
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Table 3. Summary of the outcomes of the integrataxhomics model. Summary statistics include theeetgal catch for 2008C,,, the long-term catch under an MEY

strategy,Cy,ey , the number of fishing days for 2008, the number of fishing days in 2014 and later urdeMEY strategy E, -, , the ratio of §,z, to §,q, for
each species, and the relative profit.

Case Caoos (t) Cuey (1) Svey/Susy S007Susy S007SvEey Ezo0s (days) Evey (days) Relative profit
Reference
P. semisulcatus 1039 1447 1.331 1.414 1.063 3587 5602 100
P. esculentus 852 1231 1.164 1.250 1.073 2777 4370
M. endeavouri 325 646 1.218 0.796 0.653
Casel
P. semisulcatus 824 1608 1.239 0.964 0.779 2777 5392 115
P. esculentus 695 1313 1.081 0.705 0.652 2777 3861
M. endeavouri 311 691 1.190 0.555 0.467
Case 2
P. semisulcatus 715 1668 1.169 1.032 0.883 2777 5875 115
P. esculentus 539 1268 1.025 0.746 0.728 2777 4157
M. endeavouri 293 793 1.011 0.577 0.571
Case 3
P. semisulcatus 852 1450 1.265 1.348 1.065 2777 5623 106
P. esculentus 833 1235 1.071 1.158 1.081 2777 4420
M. endeavouri 294 857 1.083 0.584 0.539
Case 4
P. semisulcatus 824 1616 1.234 0.969 0.786 2777 5462 121
P. esculentus 695 1330 1.077 0.728 0.677 2777 4100
M. endeavouri 296 853 1.023 0.523 0.511
Caseb
P. semisulcatus 900 1468 1.277 1.375 1.076 2980 5921 96
P. esculentus 606 1323 1.094 0.686 0.627 2777 3382
M. endeavouri 320 819 1.112 0.515 0.463
Case 6
P. semisulcatus 824 1621 1.223 0.965 0.789 2777 5542 120
P. esculentus 596 1340 1.052 0.704 0.669 2777 3792

M. endeavouri 311 830 1.027 0.493 0.480
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(Table 3 Continued)

Case Caoos (t) Cuey (1) Svey/Susy S007Susy S007SvEy Ezo0s (days) Evey (days) Relative profit
Case 7
P. semisulcatus 740 1677 1.212 1.016 0.838 2777 5143 87
P. esculentus 833 1242 1.079 1.183 1.096 2777 4569
M. endeavouri 287 717 1.101 0.655 0.595
Case 8
P. semisulcatus 739 1757 1.148 1.026 0.894 2777 5972 122
P. esculentus 695 1332 1.065 0.719 0.676 2777 4058
M. endeavouri 284 710 1.027 0.608 0.592
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7.8 Banana Prawns — Eastern Region

At this stage, the project (verified by the NPF RABnsiders that it does not have any
guantitative assessment method that can be adégappied to common banana prawns.
The extreme spatial and temporal variation in caaté data (and therefore one’s ability to
predict the size of recruitment in advance) is ofine major underlying factors. It is
unlikely that this situation will change in the néature.

As such, the NPF RAG will not be able to use guatitie assessment methods to determine
a TAC for these species. As an alternative, emgdineethods based on historical catch and
effort data could be used to set TACs for commamaha prawns and other species (if
necessary). An example of such a method was pes&6mtNORMAC (68 and 69) as part of
the NPF ITQ Cost Benefit Analysis (CBA) of ITQ aptis. A relevant section of the report is
presented here with permission from the authorpéfgix 12). This analysis was funded
jointly by the CBA and TAC projects as the corengdmts of the analysis were required for
both.

Three scenarios were evaluated: (1) Constant TAQJpdated TAC (no price premium),
and (3) Updated TAC — price premium. The objectif/éhe analysis was to evaluate the
magnitude of thencremental profit The output statistic (incremental profit) was
supplemented with additional metrics presentedabld 4. These are the percentage (%) of
the times the incremental profit is greater thenglofit in an input systensi@tus qu, the

% times the incremental profit is the same assthtus qupand the % times the incremental
profit is less than thstatus quoNote a negative incremental profit does not inthbt total
absolute profit will be negative.

For the Constant TAC scenario the number of tirhedricremental profit is greater than the
status qudas a percentage) is in the region of 50-56 petr @epending on the quantile value
(Table 4). This is high and results in a positiverage incremental profit relative to the input
system (in the region of $0.39 - $0.83 million).w&ver, with every benefit there comes a
trade-off since the proportion of times the incrataéprofit is less than the input controlled
system is in the range of 11-22 per cent (Tabl@Hgse values reflect the times the stock is
productive in a particular year (potential catchager than 5000 tonnes); however if the TAC
is set low relative to the availability of the stotower benefits (in terms of potential
revenue) are obtained.
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Table 4. Additional metrics for the performance igador (incremental profit) versus the three scisar
assuming the recruitment survey index versus obsdeocatch relationship’sv=0.4 for a range of restrictive
TAC settings (quantile of observed catches = 0.2a0d 0.4).

Constant TAC Updated TAC - no price  Updated TAC - price

premium premium ($1 per kg)
Quantile 0.2 0.3 0.4 0.2 0.3 0.4 0.2 0.3 0.4
% times >status quo
(input controls) 56 50 50 47 42 41 53 a7 43
% times <status quo
(input controls) 22 17 11 9 7 5 3 3 3
% times same astatus
quo
(input controls) 22 33 39 44 51 53 44 51 54
Average incremental
profit ($millions) 0.83 0.54 0.39 0.83 0.60 0.50 0. 1.78 1.61

The Updated TAC-no price premium scenario allovesrttanagement system by using the
pre-season recruitment survey to reduce the priopoof times the incremental profit is less
than the profit in the current input system (stetus qud- to be in the range of 5-9 per cent
(Table 4) compared to the 11-22 per cent for timeesaetric in the case of the Constant TAC
scenario. The possibility of obtaining a price piam ($1/kg) decreases the proportion of
times the incremental profit is less than the piafthe input control system further to 3 per
cent (across the range of quantile values consijl¢f@able 4). The average incremental
profits in this case (Updated TAC-price premiung aven greater compared to the Constant
TAC than the scenario with no price premiums.

The highest value for average incremental proft@$ million (Table 4) for the fleet as a
whole, or around $40k a boat) occurs when theagpisce premium and the TAC is very
conservative (thus restrictive) i.e. a TAC of 1680nes, based on a quantile value of the
observed catch of 0.2 (Table 4). Without a pricngum, average additional profits are
relatively small - between $8k and $15k a vesspedding on the harvest control rule
(HCR).

On the basis of these results NORMAC recommendedhie Updated TAC method should
be applied to Eastern banana prawn stock regiomethod that sets a constant TAC with a
potential of an increase in the TAC if the recrwtrhsurvey is medium or large. Future
research will focus on the characteristics of thesést control rule under an Updated TAC
control rule.

7.9 Banana Prawns - Western Region (red-
legged banana prawns)

Plaganyiet al (Appendix 13provide a summary of a preliminary assessment mode
developed for red-legged banana prawden@eus indicys Quarterly time steps are used to
represent the dynamics and the model is fitted/&dlable catch and effort data. These data
are standardised using a fishing power series egpecifically for red-legged banana
prawns. Key sensitivities are highlighted and s@maiminary model results are presented.
Although a preliminary assessment of resource sttd reference level estimates are
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provided, the primary purpose of the analysis waseek comments from the Northern
Prawn Fishery RAG (November 147" 2009 meeting) as to the proposed methodology.
The preliminary model fits are shown in Figure frio(lel-predicted CPUE versus nominal
per quarter) and Figure 12 (average annual nor@iR&IE data and overall model-predicted

commercially available biomass).
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Figure 11. Comparisons between the nominal CPUER ftteach quarter (quarter)
and model-predicted CPUE values using the basernadel version.
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Figure 12. Comparisons between the average anmalnel CPUE data and
overall model-predicted commercially availaBleindicusbiomass.

The model fits to each of the quarters separabeityas an additional diagnostic the quarterly
predictions were added together for the purposesmiparison with the annual averaged
CPUE values (Figure. 12). The model fit is reastmgtarticularly over the most recent
period. Key sensitivities are highlighted (Appendi®) and some preliminary model results
presented. A preliminary assessment of resourtesséad reference level estimates is
provided.

Appendix 14 is an application of Bayesian hierazahbiomass dynamic model to the
redlegged prawn stock in the Western region. Béthese Appendices (13 and 14) represent
preliminary models of this region and will be fugthsubject to review by the NPF RAG. For
interest the estimates of B/Bmsy for redlegged bammaawns are presented in Figure 13. As
noted these results are preliminary.
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Figure 13. Posterior median time trajectory for b legged banana prawns’
ratio of B/Bnsyin JBG. The dotted lines are the 2.5% and 97.%8dible intervals.

7.10 Fleet Impacts: optimal vessel size

As highlighted, changes to the NPF fishing fleetnsicipated with the introduction of output
control and the final section analyses the poteaptimal vessel size under various TAC
conditions. A restricted profit function for thistiery was estimated to determine the optimal
vessel characteristics and output levels as a gaitdlew the fleet may adjust under an ITQ
system (Appendix 15).

Vessels were found to be currently close to theiimeal size given average historic prices
and current stock conditions (Figure 14). Howetegher tiger prawn stocks are expected to
result in the average size of vessels increasiitg,nging fuel prices also likely to result in
capital being substituted for fishing days.

The optimal vessel engine power was estimated uamdet of price conditions (Figure 14a),
and this used to estimate the optimal catch of spekies. The resultant estimates of optimal
vessel size and output levels, and the impactioépion these estimates, are illustrated in
Figure 14. Given the price assumptions in the lmoemic model and the associated stock
size at MEY, vessels are likely to increase thegiee power (and presumably their overall
size) by around 20 per cent in the long run.

Fuel use is expected to decrease by around 2(eperalative to the average over the period
of the data for a wide range of prices (Figure 14bygesting that larger engines are partially
being substituted for days fished. This particyléalge decrease is mostly driven by the
relatively high fuel prices. However, lower levelsfuel consumption were optimal for all
price scenarios (both inputs and outputs), sugggstiat cost savings through effort
reduction would more than offset reduced revenisengrfrom the subsequently lower
catches.
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The optimal individual catches per vessel of the species groups are also lower given the
price assumption$There is a general apparent “shift” from banareavps to the more
valuable tiger prawns as prawn prices decreasefughgrices increase. The optimal catch of
banana and tigers prawns is around 80 and 85 peraspectively of their average over the
period 1994-95 to 1995-96eteris paribusat the assumed long run relative fuel and prawn
prices in the bio-economic model (Figures 14c afut) 1

® As noted by a reviewer, the introduction of ITQ4 wasult in a price for quota that has not beensidered in
the analysis. This may also affect optimal inputgesas input demand is related to optimal outpoplsu
However, as the optimal output is less that theirent harvest level, and quotas are likely to egcdhe optimal
output, then quotas are likely to be non-bindind tre shadow price effectively zero.
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8. BENEFITS AND ADOPTION

Industry and AFMA (with support from the NPFRAG aN®DRMAC) have been the main
beneficiaries and have also adopted most of thaadstdeveloped within this project.

In terms of dirtect contact with these beneficigyite results of this project have been
reported to the NPFRAG on several occasions, atitetdlORMAC and AFMA committees.
For one of the most recent of these (as an exanpkeproject was the main agenda item and
filled two of the days at the NPFRAG meeting on 168-17" November 2009, including:

* Optimal vessel size and output (Dr Sean Pascoe)

» Size Model (tiger prawns) and Mixed/Integrated mdBe Cathy Dichmont)

* Fishing power in the NPF (Dr Janet Bishop)

» Species distribution of Banana prawns (Dr Bill Vieles)

* Red-legged banana prawns (Dr Eva Plaganyi)
The methods in this project are now applied inNiir- Assessment (reflecting adoption by
the beneficiaries) and the most recent NPF Assassivaes presented at the May 2010 RAG
meeting in Brisbane.

The RAG has extensively reviewall the methods developed by the project so far amd ha
had detailed input to the project. This is muchrapiated. In terms of progress against
communication and extension plan, several of théhats have also been submitted (with
approval from FRDC) to journals:

* Pascoe, S, Punt, A., Dichmont, C.M., accepted. &targ Ability in Australia’s
Multispecies Northern Prawn Fishery: a Bayesiantirouitput distance function
approach. European Review of Agricultural Economics

» Pascoe, S, Vieira, S., Dichmont, C.M., Punt, At&submitted. Optimal vessel size
and output in the Australian northern prawn fisharyestricted profit function
approach. Australian Journal of Agricultural ands®&ce Economics.

e Zhou, S., Punt, A.E., Deng, A., Dichmont, C.M., Ye, Venables, W.N. 2009.
Modified Bayesian biomass dynamics model for agsens of short-lived
invertebrates: a comparison for tropical tiger prawMarine and Freshwater
Research. 60.

e André E. Punt, Roy A. Deng, Catherine M. Dichmdrdm Kompas, William N.
Venables, Shijie Zhou, Sean Pascoe, Trevor HuRob, Kenyon, Tonya van der
Velde, and Marco Kienzle., 2010. Integrating sitextured assessment and bio-
economic management advice in Australia’s Nortlimawn Fishery. ICES Journal of
Marine Science.
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9. FUTURE DEVELOPMENT

Future research involves the in-depth evaluatiodavest Strategies (HS) under output
controls taking into account extensive outputs ftbm project (the full range of methods
developed: the size structured models, the Bayds$iemarchical biomass dynamic models
and the integrated bio-economic model that incafesr the latter mentioned methods).

It is important to note that this project is deyeey methods for setting TACs that will feed
directly into the development and evaluation of\¢at Strategies (HS) under output controls.
This latter component is a separate project (“Deviel and testing harvest strategies for the
NPF under input and ITQ controls AFMA project 20888”). Harvest strategies consist of
three essential partsionitoring assessmenandharvest control ruleand this project

provides a detailed analysis of #isessmermomponent.

The Eastern Banana Prawn TAC setting trial in 2@itlhot accurately set a TAC appropriate
to the scale of the actual catch under inputs th@anethod needs to be reviewed urgently.
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10. PLANNED OUTCOMES

This project first assessed how many TACs are sacgso effectively manage the fishery.
Then, given these results, the project developadmethods to assess the relevant species
(or groups) and methods relating to standardisatghcrates (based on a fishing power
analyses), as well as considering optimal vessatdsusder various TAC conditions. A
planned outcome was to effectively integrate thmese methods (which are outputs) within
the assessment process after feedback from the RAé€sefore the project met the planned
outcome that it directly addresses the requirerfuerine NPF to move to a TAC management
system, which is NORMAC's response to the Ministieflirection.

Significant progress has been made in this preyabtthe development of techniques for the
estimation of total allowable catches (TACs) fag thajor prawn species in the Northern
Prawn Fishery (NPF). An additional planned outcamas to present during the project
progress at each stage to the NPF Resource AssassSnoelp (RAG) and obtain feedback on
the research outputs. This planned outcome wag\zathi

Two methods to mention are the development of iteestructured model for the tiger prawn
stocks and the Bayesian biomass dynamic modelsdé&ba poor” stocks such as the blue
endeavour prawns). The NPF Assessment adoptedheste methods in 2010. Thus as a
planned outcome, both the size structured modetl@@ayesian biomass dynamic models
have been integrated into the bio-economic asseddha sets MEY as a target (the basis of
the NPF Annual Assessment).

These newly applied assessment methods that haveréeewed by the NPFRAG over
several meetings (and at times by NORMAC), andjaifstant part of this project as a
planned outcome is the handing over of these mettwthe Harvest Strategy project.

This project developed methods for setting TAC$ Wik now feed directly into the
development and evaluation of Harvest Strategi€y (khder output controls. This latter
component is a separate projdaeyeloping and testing harvest strategies for tRé&-Mnder
input and ITQ controls: AFMA project 2006/828
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11. CONCLUSION

A critical part of establishing and setting comhirspecies-group TACs, is to acknowledge
the characteristics of the fleet/stock technictdriactions and the spatial/temporal dimensions
of the NPF fishery. The very nature of the harvesprocess impacts on: (1) the monitoring
of catches where species are not identified bulteratecorded as a group, (2) species and
groups are often caught together, yet (3) the biplof each species are reasonably different
with different risks of overfishing - meaning thgtecies need to be assessed separately but
managed as a non-separable harvesting unit withirMar Economic Yield as the target
reference point.

On the basis of research in this project (and al filecision from NORMAC), three separate
species-group TACs could be set in the NPF:
« tiger (and endeavour) prawns
e banana prawns - Eastern stock-region (which ardopneantly redlegged banana
prawns)
* banana prawns - Western stock-region (which arelgonenantly common banana
prawns).

Each of these is discussed in detail separateligrms of models, procedures, assumptions,
additional information, NPRAG and/or NORMAC feedkaand actions and decisions, in
this report.

Table 5 which was previously presented at a RAGtimgeluring the project has now been
updated after further development of the typessseasment models in the project. It is clear
from Table 5 that all relevant tasks have beenptetad.

In summary, significant progress has been madéis groject with the development of
techniques to estimate total allowable catches @Afor the major commercial prawn
species in the NPF, using a range of alternatisesasnent approaches; including novel
methods such as a framework that provides for dur@xof models in an integrated analysis.
All these methods have been extensively reviewetheyNPFRAG and their comments have
been included in the analyses. The NPFRAG is acleuiyed for their feedback and support.
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Table 5. Summary table of models developed fordifferent target species and their progress. “Cetapl’ are those for which the results are robust,

“Estimated” means the work has been undertakerfusthier tests of the results need to be undertakestimated but large uncertainty” indicates thaisi

unlikely the method would work well with that spesj “Not applicable” (N/A) is that this method wduiot be applied (with reason supplied).

Species and model type| P. semisulcatus| P. esculentus M. endeavouri M. ensis P. indicus P. merguiensis | Economic
(grooved tiger (brown tiger (blue endeavour | (red endeavour | (red-legged (b?nrgnm;)n and TAC
prawn) prawn) prawn) prawn) banana

prawns)
prawns)

Bayesian hierarchical Completed Completed by Completed N/A Completed N/A no Completed

biomass dynamic model with large assessment

(annual) uncertainty possible

Delay difference Completed Completed Completed N/A - biological N/A - see below | N/A no Completed

(Dichmontet al. 2003) parameters assessment

(weekly) unavailable possible

Difference model N/A - not N/A - not N/A - not N/A - biological | Completed N/A — no N/A

(quarterly) necessary, given | necessary, given | necessary, given| parameters (preliminary) assessment
above above above unavailable possible

Size model (weekly) Completed Completed Completed /A Nbiological | N/A biological | N/A —no Completed

parameters parameters assessment
unavailable unavailable possible

Data based TAC setting | N/A - given MEY | N/A - given MEY | N/A - given N/A - given Only consider, if| Completed Included in

system target target MEY target MEY target no assessment | (NPF Cost NPF Cost

possible — draft | Benefit Benefit
method provided Analysis Analysis
project) project
completed
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APPENDIX 1. INTELLECTUAL
PROPERTY

Some of the manuscripts presented in Appendices &€ submitted or published papers. This
research should be cited as the paper rather tieareport (refer to Section 8 “Benefits and
Adoption” for a list of papers published or in Bgs
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APPENDIX 3. IMPLICATIONS OF
TARGETING ABILITY FOR OUTPUT
CONTROLS IN AUSTRALIA’S
MULTISPECIES NORTHERN PRAWN
FISHERY: A BAYESIAN MULTI-
OUTPUT DISTANCE FUNCTION
APPROACH

Sean PascdeAndré E, Purit® and Catherine M. Dichmoht

! CSIRO Marine and Atmospheric Research, 233 Mididieet, Cleveland, QId, Australia
2 CSIRO Marine and Atmospheric Research, CastrajaBage, Hobart, Tas, Australia
® School of Aquatic and Fisheries Sciences, Unitiersdi Washington, Box 355020, Seattle WA 98195-5028A

3.1 Abstract

The degree to which individual species can be tadyeill influence how quotas are set in
multispecies fisheries managed through individtaigtferable quotas (ITQs). In this paper,
Morishima elasticities of substitution are deri¥eain a multi-output distance function to examine
fishers’ ability to control output mix in a fisheabout to move to ITQ management. The
parameters of the model are estimated using Bay&staniques to avoid potential endogeneity
bias. The results suggest that the ability of fishe change their output mix is relatively limited
and a single quota may be sufficient to contratioas of the key species.

Keywords:Targeting behaviour; multi-output distance funetidMorishima elasticities of
substitution; fisheries management; Bayesian etitima

3.2 Introduction

Rights based management, and individual transfemgibta (ITQ) management systems in
particular, are becoming increasingly applied shidries. In most fisheries subject to ITQs,
individual species are regulated as if each weredséed in a separate production process
(Squires, 1987), and hence each species wouldresgsieparate total allowable catch (TAC).
However, production in multi-species fisheriesfign assumed by economists to be joint, with
several species caught simultaneously using alitewSquire®t al, 1998). If such functions
truly represent fishing technology, then the imposiof TACs that are inconsistent with the
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composition of the catch may result in over-quatele of at least some species, depending on
the profitability of continuing fishing and discamd the over-quota catch. The existence of both
over-quota catch of some species and underutijpeta of others is common in most fisheries
managed using output controls (Sanchietal.,2006).

The need to set a TAC for each individual speaes multispecies fishery depends on the
ability of fishers to target individual speciesveal| as the incentives to target. Targeting ability
implies that fishers are able to influence thetchacomposition directly, either through using
different types of gear, or fishing in differeneas (Branch and Hilborn, 2008). Catch
compositions can also be changed by varying whsdnnig occurs owing to seasonal changes in
abundance or availability. Hence, fishers’ catcmposition will depend on their decisions of
when, where and how to fish. Their ability to resp®o market and management-induced
incentives will depend on the relative importantéhe temporal, spatial and technological
aspects of targeting.

Relatively few studies have attempted to estimaigeting ability empirically. Earlier studies
used a revenue function approach to determinesgonsiveness of catch composition to
relative prices (Kirkley and Strand, 1988; Camphbelll Nicholl, 1994). More recently, Pasaie
al. (2007) used a multi-output distance function apphoand derived Morishima elasticities of
substitution (MES) as measures of the ability siiérs to control their output mixes. The MES
originally derives from the profit function, andoresents the responsiveness of the input or
output mix to changes in relative prices, but dap ae estimated indirectly from the primal
production function (Blackorby and Russell 1981 9P&ith a similar interpretation. Similar
measures have been used to determine the potiemt@ltput substitution in hospital service
provisions (Grosskop#t al.,1995), and the potential to reduce pollution mceicity utilities,
with pollution being considered an undesirable ati{pareet al, 2005; Lee, 2005).

An ability to alter the output mix in fisheriesiesponse to price changes, ceteris paribus,
indicates a degree of targeting ability. An advgataf the primal production function approach
over the revenue or profit function approachesas individual catch and input data for fisheries
are generally more readily available than informatn prices paid and received by individual
fishers.

The purpose in this paper is to determine the &xtewhich fishers can target individual species
within Australia’s multispecies northern prawn sk, which is expected to move to ITQ
management in 2012. A multi-output distance funcii@as estimated, and the degree of
substitutability in the output mix measured as Mbima elasticities of substitution. The distance
function was estimated using Bayesian techniquesidivess potential endogeneity problems
often associated with output distance function©@inell, 2007). Low substitutability or
complementarity in outputs would suggest thatsgfliACs for each species individually may
be unnecessary. Conversely, high degrees of sutiaiiity may indicate the need for separate
TACs. Jointness and separability in the produgtimtess are also examined. The implications
of these factors for ITQ management and TAC settirtge fishery are examined in light of the
broader set of incentives facing fishers.
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3.3 The Northern Prawn Fishery

The northern prawn fishery (Figure 3.1) is one aktalia’s most valuable fisheries in terms of
total landed value, and is the most valuable figineanaged by Australian Commonwealth
government. The fishery has an explicit managermbjaictive of maximizing economic returns.
In 2007-08, the gross value of product was aroufiddn (ABARE, 2009). The fishery is
currently managed using a combination of input ims} primarily seasonal closures and
individual transferable gear units. The latter pRoestrictions on the amount of headrope that
vessels can tow. Over the last decade, the fleethgis more than halved, from 133 vessels in
1998 to 52 in 2008. In 2005 and 2006, 43 vessélhe fishery as part of a $150 million
national government buyback scheme. In return dmeghment assistance to restructure, the
fishery had to agree that it would move to managgrigough ITQs.
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Figure 3.1. The Australian northern prawn fishafie{ra and Hohnen, 2007).

The fishery occurs over two “seasons” each yeat,can effectively be considered as two
separate fisheries — namely a “banana prawn fikeny a “tiger prawn fishery” The start and
end dates of each season differ among years bbiatiena prawn season is generally from
March/April to June while the second season gelyetalvers August to October. The length of
each season is currently modified to adjust exgtioib rates on the various species given

differences in their status relative to target lmit reference points.

The banana prawn season is dominated by white bggrawns Fenneropenaeusierguiensis
Most activity in this fishery takes place along theeensland coast on the eastern side of the

" Athird fishery exists in the Joseph Bonapart#f Gased in red-legged banana prawresnheropenaeus indicus
This species is highly targetable with little byatatThe fishery is relatively small in terms of datand number of
active participants, and is excluded from the asialy
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Gulf of Carpentaria (GoC), and is based on spawaggyegations of banana prawns. Small
guantities of tiger and endeavour prawns are caalghtas bycatch, although there are strict
limits on the quantities that may be retained ®vpnt targeting of these species at that time.

The tiger prawn fishery is largely based on theteresside of the GoC and across the top of the
Northern Territory. The key species caught in teadry are brown tiger prawnBénaeus
esculentuy grooved tiger prawn$?( semisulcatusand two endeavour prawn species
(MetapenaeusndeavourandM. ensi9. Relatively small quantities of banana prawnseadse
caught, as well as a number of other commerciallyable prawn, fish, cephalopod and other
crustacean species.
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Figure 3.2. Weekly catch composition, tiger prawshdry, 2004-07. In 2004, the fishery was opened on
September, whereas in 2005 to 2007 the fisheryopased on 1 August.

For all intents and purposes, the banana prawarfyss effectively a single species fishery.
Consequently, this study focused on the poterdiglting of the tiger, endeavour and king
prawn species. The catch composition varies ovesd#ason, with brown tiger prawns caught
mostly at the start of the season, and endeavewn® caught mostly at the end of the season
(Figure 3.2). This is suggestive of targeting &pitelated to the relative seasonal abundance.
Generally, stock abundance of brown tiger prawrakpdefore that of the grooved tiger prawn,
whereas endeavour prawn abundance peaks towardadta the year.
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3.4 Modelling output substitution

In most fisheries productivity studies, productismgenerally assumed to be either non-joint in
input quantities, such that the production of @l&routput can be modelled as a function of a set
of inputs, or that production is joint in input oguigies, but is separable, such that a composite
measure of a set of outputs can be modelled ascida of a set of inputs. In both cases, a
single output measure is obtained and used ingtim&tion of the production function. Some
form of multi-output function is required when ttezhnology is believed to be both joint in
inputs and non-separable.

A number of primal multi-output functional formstwidifferent characteristics exist. These
include multi-output production functions where @pecies is considered the dependent
variable and the other species are included agiet®s (Felthoven and Morrison, 2004; Oeta
al, 2005), and distance functions in which ratioshef butputs appear as covariates.

The general form of the multi-output productiondtion may be given by

Vi = (Vi1 Xc) (1)

whereyn, is the level of output of speciag andxy is the level of inpuk (where inputs include
vessel characteristics as well as the size ofstisbks). Orea et al (2005) estimated the model
using logged values of the dependent and indepéndeables, while Felthoven and Morrison
(2004) proposed a generalised linear transformditination using the square root of the
covariates.

The multi-output distance function can be expressed

D(x, =m—i”{ o:(ljmp } 2
(x,y v Y > v (x) (2)

whereP(x) is the set of feasible output vectors obtainatdmfthe input vectox (Orea et al,
2005), and(x,y) represents the distance to the production fraftieipractice, the output
distance function is estimated as

~Iny, = £(In(y,/ y,),Inx,) = In D ©)

which is effectively a standard production frontieodel with one output as the dependent
variable and the others as covariates in ratio.nki-output distance function has had broad
use in many industries (e.g. Grosskepéal, 1995; Coelli and Perelman, 2000; Morrison Rsul
al., 2000, Faret al.,2005; Lee, 2005), but only limited applicationdigheries (Fousekis, 2002;
Huang and Leung, 2007; Pasaieal, 2007).

8 This is further detailed in the following section.
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Indirect measures of the MES can be derived fragrptioduction function and distance function
(Blackorby and Russell, 1981; Grosskepfl.,1995), respectively given by

0%y, /oy,) 0%y, /oy
ME = L - —2L /1 mn#l 4
S y’“{aym Oyn/ ay, I ayz / oy, *)
MES, , =y 0°D(x.y) /OD(xY) |_, [9°D(xy) /OD(x%Y) | 5)
w7y, ay, oy, "l oyd Y '

A negative value indicates that the outputs arstiuites, while a positive value indicates
complementarity. The size of the MES is a meastitkeostrength of the
substitute/complementarity relationship.

A criticism of the output distance function is thatential for endogeneity bias resulting from
outputs appear as covariates in the distance imais well as the normalisation of the outputs
by the dependent variable (Kumbhakar and LovelDQ2@tkinsonet al. 2003; Felthoven and
Morrison Paul, 2004). This criticism is often digpd, with some arguing that the output ratios
(yn/y1) are more likely to be exogenous than valueg,afsed in other multi-output
transformation functions (Kumbhakar and Lovell, @)@&nd hence distance functions may be
less susceptible to endogeneity bias than alteatulti-output models. Further, as the distance
function represents a radial expansion of all otgtpgiven the set of inputs, the ragigiy: i

remains constant and hence can be assumed to genexs (Morrison Paul and Nehring, 2005).
This latter argument, however, is also seen as mesakof distance functions, because it implies
that any increase in efficiency increases all oistjoy the same proportion, and that any random
shock affects all outputs equally (Omrgaal.,2005). The alternative production function
approach, such as those used by @ted (2005) and Felthoven and Morrison Paul (2004),
overcomes this particular problem, but in doingseates additional problems. In particular,
production technology properties will vary depemgdam which species is chosen as the
dependent variable. Further, estimates of outpogtgution elasticities represent the degree to
which the outputs other than that used as the aigmevariable can be substituted. For a clear
target species/bycatch relationship, this may Ipeggiate as varying the bycatch mix given the
catch of the target species may be of interest.d¥ew when attempting to assess the degree to
which species may be targeted, this functional frinappropriaté.

° A reviewer suggested that failure to account focartainty and risk aversion considerations mag asult in

inefficient estimates (see, for example, Koundand Nauges, 2005; Koundouwst al, 2009). Inclusion of an
explicit risk function, however, would be at theperse of estimating the inefficiency term, rendgrndistance
function inoperable. Further, a recent study suggst estimates of flexible risk preferences franmduction data
are unreliable, and suggests that “emphasis oestimation of flexible risk preferences in prodaontistudies has
been misplaced, and future efforts are likely tartmre fruitfully employed elsewhere” (Lence, 200%96)
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3.4.1 The translog multi-output distance function

The approach adopted in this study was the tramaldg-output distance function. The translog
distance function with Mm =1, 2, ... , MputputsY; K(k=1, 2, ..., KjnputsX; and forl (i =
1, 2, ..., I¥irms can be given by:

In D, =a, +Za Inymi+0522,6’mnlnym,lnynI
+Za In xk,+0522,6’k,lnxkllnx,I (6)
+ZZﬁk,m ln Xk,i ln ym,i
k m

whereD; is the distance from the production possibiliynfier (0<Di<1), ymiandx; are the
outputs and inputs respectively, ands a stochastic error term, assumed to be &J[0The
distance function assumes joint production and separability of outputs from inputs. If the
alternative assumption of separability is valigrtiproduction is effectively forced to be joint
(Livernois and Ryan, 1989). The validity of thewsptions of both non-jointness and
separability can be explicitly tested.

The output distance function is homogeneous ofategne in outputs (Shephard, 1970). In order
to maintain the homogeneity conditions, the corirsmsaz a, =1 z Bon = z Bm =0

need to be imposed, while symmetry restrictionsireqs,,, = 5., and 8, = B, - The

homogeneity restrictions can be imposed througmabzing the function by one of the outputs
(e.g.y1,), and the model can be expressed as a standahdgbiem frontier by moving the
distance measure to the right hand side of theteoud-urther, technical change over the period
of the data can be captured by including a timebée,t, into the model. This results in:

Iny,, =a,+ Zam In y:n,i + O-SZZIBm,n In y:n,i In Y;,i
mz1 m#l n
+> a, Inx; +05) > B Inx,Inx,
k k |
+ Z Z ng,m In Xk,i |n y:n,i
k m#l

WARIAS +Zykt|n X ~InD; +v,
K

(7)

where y:m = Ym.iy1i and the distance measure is equivalent to th&arezfcy term (i.e.

—-u, =—InD,). For estimation purposes, the negative sign erdépendent variable can be

ignored (i.e., we usk y, j rather than Ia y; ;). This results in the signs of the estimated
coefficients being reversed, but is more consistetht the expected signs of parameters in
conventional production frontiers. The rate of tealgical change each period can be

determined by, /0t =y, (y, + 2),t + > ¥, Inx, ), wherey; ;= exp(Iny, ).
k
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Several definitions of non-jointness in input quiéed have been developed (see Kohli, 1981,
1983; Lau, 1978; Livernois and Ryan, 1989), althoaglefinition most relevant to fisheries
production is that of “almost non-joint” technolegi(Lau, 1978). A technology is said to be
almost non-joint in input quantities if there egigtdividual, quasi-concave, non-negative, non-
decreasing production functions for each outplit..,| in a production set, such that

Y, = f.(Xy,..,X,;;Z) Ui andZXm = X, Un, wherey; is the level of output X,; is the level

ni?

of variable inpun=1,... N directed at producing outpugsuch that the sum of the directed inputs
equals the total level of those inputs us&fl, andZ is a vector of fixed inputs. That is,

production of one output does not diminish the lakdée supply of the input for the production of
other outputs. This can be examined empiricallynipyosing additional restrictions on the model
(a,=00m, B,,=00mn and g, ,, =00k, m), and estimating the model as a single output

translog production function (i.e.
Iny, =a,+> a,Inx; +05> > B, Inx Inx,; —InD, +v,).
k ko

Separability of outputs and inputs requires thenogit mix of outputs to be independent of the
input levels. This can be tested by imposing tistrictions 5,,, = 00k, m on equation (5). In

terms of estimating targeting behaviour, sepaighsiless of an issue. Separability of outputs
and inputs enables the transformation functioneteviitten asG(Y) = L(X;Z ) whereG(Y)

effectively aggregates the outputs into a singlamosite measure (Livernois and Ryan, 1989).
However, non-separability implies that a multi-auttdistance function is more appropriate as a
functional form.

3.4.2 Model Estimation

The main criticism of the multi-output distance ¢tion is the potential for endogeneity bias to
affect the parameter estimates. This can be avdigesing Bayesian estimation techniques
(Fernandez et al 2000, O’'Donnell 2007). Followingff and Steel (2007), the functional form

of the output distance function (equation 4) camdmgesented biny, = N(a +x 3-D,,0?)

where N(u,0? ) denotes a normal distribution with meag= a + x - D,) and variances?,
Xit IS the set of covariates (the logarithms of theuts and normalised outputs of the other
species)D is the distance from the frontier (i.e. the ingiffncy component) and? is the

variance of the error term. The parameters of thdehare assigned generally uninformative
priors, in this case given b ~ N(0,Z , \hereZ is the variance-covariance matrix, that values

for which are set so that there is essentialla poiori information about thg. Various
assumptions about the distributiondfire often used in efficiency literature, the twosi

common being the half normal distributidh~ N* (0,4 ahd the truncated normal distribution
D ~ N"(&,4), whereA itself is unknown and has a prior gamma distrifmutd ~ Ga(0, A, ).

The value of¢ is also unknown, and assumed to be normally Higied with very high variance
so that prior is uninformative.
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The models were implemented in WinBU&Syhich utilises a Markov Chain Monte Carlo
(MCMC) technique for generating parameter vectaymfthe posterior distribution. A Gibbs
sampler is used to generate a sequence of valged ba an initial vector of parameters and the
outcomes of the previous estimate (hence generativigrkov Chain). The Gibbs sequence
converges to a stationary distribution that is petelent of the starting values, and represents the
distribution of the parameters of interest.

3.5 Data

Daily logbook data over the period 1995 to 2007en@mbined with information on vessel
characteristics. While a longer period of logboakadwas available (back to 1970), the analysis
was restricted to post-1995 due to substantiaffedint management structures being in place
before 1995. Within the data set, each logbookreeoclassified as either relating to the tiger
prawn or banana prawn fishery. Only observatioaswere coded as relating to the tiger prawn
fishery were used. The daily data were aggregatedveekly values, as these were considered
more appropriate given the sequential nature ofishery.

Logbook information only records the catch of pravas tigers, endeavours, bananas and kings.
Data from scientific surveys taken from each ansr each week of each season were used to
separate the total catch of tiger prawns into tbejparate species (Venables and Dichmont,
2004). Equivalent species split information wa® @sgailable to separate endeavour prawns.
However, the data for the two endeavour species w@mbined because reliable stock
information at the species level was not availéteendeavour prawns, and as they form only a
relatively small proportion of the total catch. Alher species (banana, king and other prawns)
were aggregated into an “other” category, représgmietween 2 and 10 per cent of the total
catch each week.

The inputs in the production function were headrepgth, engine power (kW) and hours fished
over the week. From 2006, vessels were able tquae gear (four nets — two off each beam)
rather than twin gear (two nets — one off each Bedthough incurred a penalty in terms of
headrope length if they did so. A dummy variableswsaed to capture the effects of this for
vessels that used quad gear. Moon phase is alevdxtto affect the availability of prawns, with
catch rates being generally higher at or followting new moon (Saliret al, 2001). The moon
phase expressed as an index of luminosity rangorg £ero (new moon) to 100 (full moon). A
summary of the main vessel information includethimanalysis is presented in Table 3.1.

Weekly biomass estimates for the two tiger prawecsgs are estimated directly through regular
stock assessments (Dichmental, 2003), but only a single composite endeavowvpra
biomass estimate was available at a weekly leves. @liomass estimates were converted to an
index with the base being the average over theges a whole. For the “other” prawn species,
average catch per unit of effort (CPUE) was used proxy measure of stock abundance in
order to derive the stock index. The use of CPUER st®ck index in production functions raises

1 WIinBUGS is freely available software that can beowdloaded at http:/www.mrc-
bsu.cam.ac.uk/bugs/winbugs/contents.shtifihe truncated normal and half normal distribugiorequires an
additional component that can be downloaded finttr//www.winbugs-development.org.uk/

77



several issues (Pascoe and Coglan, 2002). Howgiven the relatively small contribution to
total catch by the “other” species (less than 5geett over the period of the data), it is unlikely
that any problems associated with the use of tthexinvill substantially influence the results.

Table 3.1. Summary of data used in the analysis

Average vessel catch per week (kg) Average Average vessehcteristics
hours
fished Number
Brown Groovec per Head- of active
tiger tiger Endeavour  Other week  Engine rope Vintage boats
1995 669 833 437 92 80 316 13 26 125
1996 736 952 420 88 76 305 13 24 127
1997 691 1007 413 94 81 325 13 24 129
1998 655 1083 494 91 79 329 13 23 130
1999 576 1147 351 88 76 331 13 23 129
2000 590 1123 375 87 75 337 13 22 121
2001 445 1241 422 86 75 345 12 22 116
2002 283 1390 325 89 77 361 12 21 114
2003 245 1455 397 92 80 366 11 20 98
2004 209 1434 452 92 79 368 11 20 96
2005 384 1251 284 91 79 379 10 19 89
2006 428 1201 342 92 79 382 10 19 77

2007 406 1256 373 88 76 379 11 18 51
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Catch of each species was divided by the stockkitml@roduce an index of partial exploitation
rate (i.e. f, , =C, ,/S, ), and this was used as the output measures madkel. The degree to

which partial fishing mortalities for individual epies vary in a particular time period can

provide an indication of the ability of fishersdtier their fishing behaviour to influence their
catch (Rijnsdorgt al, 2006). This involves an implicit assumption ttieg stock elasticity is

equal to 1, consistent with the stock assessmentps that assumes catch rate is linearly related
to biomass.

Zero catches of any species were nominally chatmeadralue of 0.01 to avoid problems when
logging the data. This affected less than 1% obtheervations for each of the three main
species, but almost two thirds of the “other” catekegory. Observations with small values for
hours fished (less than 10 hours in a week) orlsmales of catch (less than 100 kg in a week)
were also removed as these either represente@iiata or a breakdown of the vessel. These
observations represented less than 1% of thedatalset. The final panel data set included
24,035 observations from 164 vessels that opemtedthe 13 year period. The data were
logged and normalized such that the mean (loggaldewvas zero. A time variable was included
to capture technical change. This was an annualblarrather than weekly as it is most likely
that changes in technologies would occur betweersd¢lasons rather than during them.

3.6 Results

The Gibbs sampler was initialized using the estanatf thea and 5 parameters derived from

a normal maximum likelihood estimation of the mogatameters. With the exception of the
truncated normal distribution assumption for theffisiency term D), convergence of the
MCMC algorithm was obtained by 5,000 replicationd $he models were run for a further
25,000 replications that were used in the finalysig The original 5,000 replications were
discarded as “burn-in”. For the truncated normatriution assumption, thg parameters

converged within 5,000 replications, but theand D had not converged even after 100,000
replications. Instead, an inverse relationship betwa and D was observed, with the values
constantly increasing and th& constantly decreasing (suggesting an expandimgiémoand
increasingly inefficient fleet).

3.6.1 Model specification and production elasticities

A number of different model specifications wereodissted (Table 3.2), including the translog
production function given in Equation 7, a Cobb-Dlas production function where the cross
product and squared terms are set to zero, anatioas of these models with different
assumptions about the distribution of the inefficig term (half normal or truncated normal).

1 Convergence was determined initially by examinihg history plots over both the full series and biuen-in
period. For the final model, a more formal exanmorabf convergence was also undertaken using theezgence
diagnostic recommended by Geweke (1992), which ematpposterior means at the start (runs 5,000-0),@@h
those at the end of the sequence (runs 25,000-3041 tested for statistical difference based hendtandard
deviations of each. Fernandetzal (2000) also notes difficulties with the truncatestmal distribution.
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The model was also tested for separability andjooriness in production. The Deviance
Information Criterion (DIC) was used to determihe tnost appropriate functional form, with
lower values of the criterion indicating more agprate models. The translog production
frontier was found to be the most appropriate fioma form (Table 3.2), based on the DIC

values.

Table 3.2: Specification tests

Model specification D D Po DIC

Half normal 27745.0 27575.5 169.576 27914.6

Truncated normal 27750.6 27575.6 174.981 27925.5
Cobb-Douglas 45973.1 45821.9 151.176 46124.3
Separability 28636.7 28474.5 162.245 28799.0
Non-joint 95355.9 95205.3 150.634 95506.6

€) Dis the posterior mean of the deviance given bylegf*(ikelihood); [3 is an estimate oD based on the

posterior mean of the parametags;s the effective number of parameteB|C = D + Pp = D+2 P4

The non-separable nature of the production praoelssates that a multi-output functional form
of the model is appropriate. Rejecting the asswnpaf non-joint production does not
necessarily imply that the output is producedxedi proportions. That is, the production
technology may not bgurelyjoint, but justmostlyjoint. Under such technology, the
composition of the output mix may have some disznery element. This is expected to be the
case in most fisheries, where fishers may be abilectease the proportion of one species or
another in the catch by varying their targetingahedur, although the resultant output is still a

combination of several species (Pasebal, 2007).

Zero was not included in the 95% credibility intalis/for most of the parameters of the translog
model (Tables 3.3 and 3.4), roughly equivalentanaept to being significantly different from

zero atn=0.05. Given thatn(X) = 0, the coefficients for the inputs represent theadpiction
elasticities at the mean level of all inputs. Tlstprior median for the elasticity relating to reour
fished was less than 1, suggesting diminishingmetto effort each week. The lower 2.5th
percentile of the elasticity relating to engine powid not include zero. While engine power can
increase the area swept per unit of time, othdéofac- such as time fished and headrope length —
have a greater impact on total catch. Increasiaglfope length was estimated to produce a less
than proportional increase in catch (elasticity.820at the posterior mean).
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Table 3.3: Parameter estimates

Mean Standard 2.50% median  97.50%
deviation
Constant 0.784 0.020 0.746 0.784 0.824
Ln(Brown tiger) -0.312 0.002 -0.316 -0.312 -0.308
Ln(Endeavour) -0.224 0.002 -0.229 -0.224 -0.220
Ln(Other) -0.052 0.002 -0.056 -0.052 -0.048
Ln%(Brown tiger) -0.056 0.001 -0.057 -0.056 -0.055
Ln?(Endeavour) -0.060 0.001 -0.061 -0.060 -0.059
Ln? (Other) -0.010 0.000 -0.011 -0.010 -0.009
Ln(Brown)*In(Endeavour) 0.048 0.001 0.047 0.048 0.050
Ln(Brown)*In(Other) 0.010 0.001 0.009 0.010 0.011
Ln(Endeavour)*In(Other) 0.009 0.001  0.007 0.009 0.010
Ln(Hours fished) 0.885 0.022 0.843 0.885 0.927
Ln(Engine power) -0.015 0.065 -0.141  -0.015 0.116
Ln(Headrope) 0.820 0.082 0.659 0.820 0.980
Ln?(Hours fished) -0.101 0.011 -0.123 -0.101 -0.080
Ln?(Engine power) -0.113 0.096 -0.299 -0.114 0.074
Ln? (Headrope) -0.673 0.116 -0.901 -0.674  -0.445
Ln(Hours)*In(Engine power) 0.045 0.045 -0.044 0.045 0.132
Ln(Hours fished)*In(Headrope) -0.010 0.057 -0.121 -0.011 0.101
Ln(Engine power)*In(Headrope) 0.235 0.198 -0.153 0.236 0.620
Ln(Brown tiger)*In(Hours fished) 0.002 0.003 -0.004 0.002 0.008
Ln(Brown tiger)*In(Engine power) 0.042 0.008 0.027 0.042 0.057
Ln(Brown tiger)*In(Headrope) 0.056 0.009 0.038 ®O5 0.074
Ln(Endeavour)*In(Hours fished) -0.016 0.004 -0.023 -0.016 -0.008
Ln(Endeavour)*In(Engine power) 0.078 0.010 0.059 078. 0.097
Ln(Endeavour)*In(Headrope) -0.085 0.012 -0.108 -0.085 -0.062
Ln(Others)*In(Hours) 0.059 0.003  0.054  0.059 0.065
Ln(Others)*In(Engine power) -0.031 0.006 -0.043 -0.031 -0.018
Ln(Others)*In(Headrope) -0.059 0.007 -0.073 -0.059 -0.045
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Time 0.039 0.005 0.029 0.039 0.048
Time” -0.003 0.000 -0.004 -0.003 -0.002
Time*In(Hours fished) -0.001 0.003 -0.007 -0.001 0.005
Time*In(Engine power) 0.023 0.010 0.002 0.023 0.044
Time*In(Headrope) -0.083 0.013 -0.108 -0.083 -0.058
Quad gear (dummy variable) -0.029 0.003 -0.034 -0.029 -0.023
Ln(Moon illumination) -0.223 0.110 -0.437 -0.223 -0.006
o’ 24.330 3.813 17.670 24.050 32.650
A 0.186 0.002 0.182 0.186 0.189

It has been shown that there is a trade-off betvilegibility and theoretical consistency when
using flexible functional forms such as the tragslkeor theoretical consistency, the distance
function needs to be non-decreasing, linearly ha@nogs and convex is outputs, as well as
decreasing in terms of inputs. Following Saeteal. (2006), the models were tested for
monotonicity and curvature at the mean (ixgy)€1; In(x)=0, In(y)=0), and using the mean
values of the posteriors. Only engine power andliggee length were considered appropriate
input variables to include in this analysis as Bdighed is a capital utilization variable rather
than an inpuper se The first derivatives were positive and the secderivatives were negative
for both inputs, as expected, and consistent Wwighntonotonicity requirement, and convexity
conditions also held at the mean of the posterfewsthe outputs, homogeneity was imposed
through the structural form of the model. Similatlye first and second derivatives had the
expected signs, and convexity conditions were @ist"

Table 3.4: Derived parameters from homogeneity conditions

Mean Standard deviation
Ln(Grooved tiger) -0.412 0.003
Ln?(Grooved tiger) 0.008 0.002

12 0'Donnell and Coelli (2005) suggest a further adage of the Bayesian approach is that is it ptessibdirectly
impose curvature conditions during the estimatimtess, and a method for doing so is in WinBUGHLustrated

in Griffin and Steel (2007) using the so-called éertrick”. Imposing these conditions in WinBUGSweswer, can
result in slow convergence and mixing, requirings@bstantially larger number of model runs. Givee th
considerable time taken for the 30,000 runs of eaehdel (about 21 hours each, and 70 hours fotrthecated
normal distribution model which had 100,000 rutisg, conditions were not imposed but tested reticiafety.

82



Implicit cross products

Ln(Grooved tiger)*In(Brown tiger) -0.003 0.001
Ln(Grooved tiger)*In(Endeavour) 0.003 0.001
Ln(Grooved tiger)*In(Other) -0.009 0.001

Implicit input cross products

Ln(Grooved tiger)*In(Hours fished) -0.045 0.006
Ln(Grooved tiger)*In(Engine power) -0.089 0.014
Ln(Grooved tiger)*In(Headrope) 0.089 0.017

a) Values were estimated from 1,000 random draws flwrdistributions of the approprigfgparameters.

3.6.2 Elasticities of substitution

The primary objective of the study was to determiveedegree of targeting ability of fishers.
The derived output elasticities of substitution evestimated at the data means (i.e.
In(y) =In(X) =0) and estimates ¢f drawn from their probability distribution (Table53, with

positive values indicating complementarily (i.enjproduction) and negative values indicating
substitutability (i.e. targeting).

The columns in Table 3.5 represent the “targettise while the rows represent the bycatch or
“substitute” species. The greatest potential fdassitution appeared to be between endeavour
and brown tiger prawns. Given that brown tiger praatches peak at the start of the season
while endeavour prawn catches tend to peak atrti@gthe season, such a result is not
surprising. In general, endeavour prawns appelave the greatest (although still slight) degree
of targeting ability, although this is also expekte be opportunistic. Endeavour prawns attract a
similar price to banana prawns, which is about thefprice of tiger prawns. As a result, the
incentive to target endeavour prawns is low, amsllikely that apparent targeting represents
unexpected larger catches of endeavour prawns Viisioérs continue to exploit rather than
search elsewhere for tiger prawns.

13 Distributions around these mean MES values wetestimated.
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Table 3.5. Mean MES elasticities of substitution athe mean input and output level3

Tiger prawns Endeavour
Grooved Brown prawns Other
Grooved -0.354 -0.541 -0.374
(0.006) (0.010) (0.026)
Brown 0.048 -0.689 -0.428
(0.013) (0.012) (0.026)
Endeavour 0.028 -0.576 -0.434
(0.013) (0.007) (0.026)
Other 0.207 -0.558 -0.701
(0.026) (0.017) (0.020)

a) Values were estimated from 1,000 random draws ffwrdistributions of the approprigfgparameters.
Figures in parentheses are the estimated standsiations

The asymmetry in the elasticities of substitutietween the two tiger prawn species suggests
that catches of predominantly brown tigers caralzert with relatively low levels of bycatch of
grooved tiger, but catches of predominantly groavgels will generally include brown tiger
prawns. This is generally consistent with the cammpositions illustrated in Figure 3.2 that
appear to indicate some degree of targeting of briiyer prawns early in the season.

For the “other” species, these do not necessasipear in the catches of the main three species,
but these main species will generally appear iohegt dominated by “other” species. As with
endeavour prawns, large catches of “other” spesiasst likely opportunistic as the prices are
low relative to the tiger prawn species.

The MES estimates in Table 3.5 are at the mearsle¥gartial exploitation rate and inputs.
Output is dominated by different species in différ@eeks (Figure 3.2). The MES for the two
tiger prawn species were estimated for each weéhediger prawn season over the last three
years of the data (2005-2007) assuming average lepeis (i.e.In(X) =0) (Figure 3.3). For

most of the season, a substitution relationshiggargpto exist between brown and grooved tiger
prawns, suggesting an ability to target brown s8gerd avoid grooved tigers to some extent.
This relationship, however, is still relatively vke@and a complimentary relationship may exist at
the very start of the season. In contrast, thelittlesrelationship between the partial exploideti
rates for grooved tiger prawn and those for bragers. This suggests that the ability to target
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grooved tigers and exclude brown tigers is limitedh catches of grooved tigers sometimes
including bycatch of brown tigers and other timeswithin the same period. These results are
consistent with the results at the mean.

0.8 - MES (brow n, grooved)
— — MES (grooved, brow n)
0.6
0.4
0.2
(%)
u
— —— “-’ S— —~
-0.2 {
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Figure 3.3. Average MES by week over the tiger praeason, 2005-07.

3.7 Discussion

3.7.1 Output distance functions and fisher incentives

While the focus of this paper has been on assetaiggting behaviour in anticipation of a move
to ITQ controls, the use of an output distance fimnds unlikely to be valid if ITQs were
already in place. Under input controls, fisherefarcentives to maximise outputs given their
level of inputs, so an output oriented functiotikely to be appropriate. However, if ITQs was
already in place, fishers would have an incentiviake their quota with minimum input use, and
hence an input distance function may be appropratit functions may be more appropriate
still as these will account also for the potenttathange inputs that are quasi-fixed in the short
term, and also adjust their output mix (if possiltlecause fishers also have an incentive to
adjust their entire input and output mix to maxienmofits under ITQs. Catch and effort data
under an ITQ system may also be compromised, &eimi@al overquota catch is likely to be
discarded, so landing records may not represenalcatch mixes, and estimates of targeting
ability based on these data may be distorted.

Prices for the two tiger prawn species are ideh#isahey are not distinguished on the market,
nor sold separately. As a result, there was n@priduced incentive to target one species or the
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other. With species-specific TACs and hence indigldjuotas, the incentive structure will
change, and incentives could be generated to tardjgtdual species if possible. However, an
ability to target due to location would still bepagpent in the data even if incentives to target do
not exist (as catch compositions would vary) beedhs fleet is widely dispersed over the area
of the tiger fishery. As noted in the results bagsedbserved behaviour, for much of the season
the ability to target grooved tiger prawns and edel brown tiger prawns (and other prawn
species) is negligible.

3.7.2 Targeting ability a necessary but not sufficient requirement
for separate quotas?

The purpose of the analysis was to determine thigyadf fishers to target individual species
based on observed behaviour. Being able to tangetidual species is a necessary, but not
sufficient, condition for targeting to take plad@argeting behaviour will also depend on the set
of incentives facing the operator. These largelgtecto the relative profitability of each

targeting activity, which in turn will depend oretprice of the species caught, the relative stock
abundance and the costs of fishing. When settinGd#r individual species in an output-
controlled fishery, both the ability to target ahe incentives to target need to be considered
simultaneously.

For the northern prawn fishery, the critical quassi for TAC setting involve whether or not to
set separate TACs for the two tiger prawn speeiedeavours, bananas and other prawns, and
whether it is practical in terms of identifying f@ifent species. From the model results,
endeavour prawns are generally targetable, bstiikely that “target” catches of endeavours are
largely opportunistic. Catches of endeavour pragxteeded tiger prawns in only 2 per cent of
the observations. This small proportion of reldgivielean” catch is the most likely explanation
for the greater (but still small) elasticity of stitutability between endeavour and tiger prawns
in Table 3.5. Given that prices for endeavour pmare roughly half those for tiger prawns,
fishers are unlikely to target endeavours in pegiee to tigers, but may seek endeavour prawns
if tiger prawn quota is limited or exhausted. Sarly, “targeted” catches of banana prawns are
likely to be purely opportunistic (if not accidehtduring the tiger prawn season. Banana prawn
prices are similar to those for endeavour prawris.worth landing banana prawns if caught, but
generally not worth actively seeking banana prasiureng the tiger prawn season.

Tiger prawns dominate the fishery in terms of batlue and quantity of catch. Hence, if any
species are likely to be able to be subjected t€3,Ahen it is most likely to be the tiger prawns.
For the two tiger prawn species, the lack of argjreubstitution or complementary relationship
creates difficulties if TACs are set for each tigeswn species separately. Brown tiger prawn
catches can only be limited by limiting fishing iaittes in the weeks that they dominate the
catch. If the TAC for brown tiger prawns is filled the start of the season, any over-quota catch
of brown tiger prawns taken later in the seasore(wgrooved tiger prawns dominate) will most
likely be discarded. This may potentially be a peabfor brown tiger prawns as these are
currently believed to be more vulnerable to oveleixgtion. Setting a conservative TAC for
brown tiger prawns to enable stock recovery woatjliire a similarly conservative TAC for
grooved tiger prawns despite the negative elagtiisubstitution.
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Setting separate TACs for the two tiger prawn sggeniay create a number of practical
difficulties. These species are not readily différable by fishers. In addition, both attract the
same market price, so there is no incentive tebfitiate the species. Sorting the species in the
catch would be difficult and add additional costshte fishing operation in terms of forgone
fishing time. The potential for mislabelling of phact — deliberate or unintentional — would be
high.

As there is a seasonal element to the catch (FR@)ethe continued use of seasonal closures
combined with a single TAC for the two tiger pragpecies may remain the most appropriate
means of limiting tiger prawn catches. In multigpsdisheries where several species are caught
jointly, no single management measure is likelpeécsuccessful in achieving the optimal yield
for all species (Sutinen, 1999).

Introducing ITQs into the fishery will change thet sf incentives facing fishers, and hence may
change their targeting behaviour. Evidence of chdrigrgeting behaviour following the
introduction of ITQs has been observed in othdreiies (e.g. Branch and Hilborn, 2008). Based
on past behaviour, relatively little white banana @ndeavour prawn catch is taken other than as
bycatch of tiger prawns during the tiger prawn sea3 his appears to be more opportunistic
harvesting than pre-meditated targeting. Giverdheprices of these species relative to tiger
prawns and the high costs of fishing, it is unikedat these species will be substantially targeted
even if the incentive structures change in theefighA single TAC for tiger prawns will be more
readily enforceable that separate TACs for the rspdiger prawn species. This may need to be
combined with seasonal closures as indicated atmogBasure brown tiger prawns are not
overexploited. This will reduce the efficiency gaifat may be achieved under a pure ITQ
program, but the additional costs involved withuaegpl TQ system is not likely to be offset by

the additional benefits.

3.8 Conclusions

Despite its obvious relevance to fisheries managgnoatput substitutability as an indicator of
fishers’ ability to alter their output mix based loistoric data is rarely examined. The multi-
output distance function approach offers considerativantages over dual profit and cost
functions as catch and effort data are generallsemeadily available than economic data.
Perceived endogeneity problems attributed to distdmnctions can be overcome using
Bayesian estimation techniques, and reliable estsnaf output substitution can be derived.
While this study is not the first to estimate mualtitput distance functions in fisheries, nor the
first to estimate multi-output distance functiorssng Bayesian techniques, it is the first to use
these techniques for tactical fisheries managegherision making. The analysis demonstrates
that consideration needs to be given not justédeihnical ability of fishers to adjust their
output mix, but the set of incentives they face tredimpact these will have on fishers’ targeting
behaviour.
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APPENDIX 4. UPDATED SPECIES
DISTRIBUTION DATA AND MODELS

Bill Venables, Tonya van der VeldeAnthea Donovahand Rob Kenyoh

1 CSIRO Mathematics and Information Sciences, 23@dMi Street, Cleveland, Qld, Australia
2, CSIRO Marine and Atmospheric Research, 233 Mi@dieet, Cleveland, QId, Australia

4.1 Introduction

Both the tiger and endeavour prawn catches in P &re mixtures of two biological species.
The tiger prawns are composed of ‘Brown’ tiger pnaylPenaeus esculentasd ‘Grooved’ tiger
prawns,P. semusulcatusEndeavour prawns are composed of ‘Blue’ endeaprawns,
Metapenaeus endeavowand ‘Red’ endeavour prawnd, ensis The assessments are for each
component species separately. This leads to the foe a procedure to partition the total catch
weight into component species. Devising such datkis known as the ‘species split’ problem.

4.1.1 Background

In 2001 a risk analysis of the NPF, (Dichmont, Bial.2001), had shown that the static species
split model then in use for the tiger prawn assesgroould be much improved by using a
parametric statistical model that was dynamic endénse that it took account of regular
temporal changes over the year. It also raisegdsibility that there had been a shift in species
proportions that had become quite volatile in therf) recent seasons, but it was impossible to
establish if this was a real phenomenon or if is\&a artefact of sparse and irregular sampling.

This led to the AFMA Species Distribution proje@fenables, Kenyoet al. 2006), which
reported in January 2006. Its main results andmasendations included the following:

1. It refined the statistical technology used to btiid species distribution models and
calibrated them with new data. The models use silpredictor variables, but very non-
linearly and with interactions. These wéwditude Longitude Distancefrom dry land
Depth Percent mudndDay of the year The first five of these were measured at the 6
minute grid square scale, the same spatial scateused by the logbook records.

2. It used extra data which came from the NPF momigpsurveys as an out-of-season
component, and from the data acquisition arm ofptiogect itself which came from in-
season sampling. With this extra data and newntdolyy it revised the species split model
for tiger prawns in important ways, but keeping shene fundamental philosophy. It also
gave some support to the possibility that the agdong-term fluctuations shown in the
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Risk report were probably mostly due to irregulad aporadic sampling rather than to a
serious shift in population proportions.

3. It showed that endeavour prawns could also beispditthe two component species using
essentially identical statistical models to thassommended for use with tiger prawns. The
endeavour prawn data available for calibratingehasdels, however, was somewhat
lacking in recent years and it recommended thakeseifiort be given to collecting more data.
This was becoming available from the NPF monitosogveys in any case but as the models
are not static in time, additional data from witkiie season was also needed. Prior to this no
endeavour species split model had been produced.

4. The issue of a long-term trend in tiger prawn préipas could not be fully resolved,
however, and the project recommended that somé@uili data be collected periodically
and used to check the continuing reliability of #pecies split models.

The present study is one such follow-up from theces distribution project.

4.1.2 Aims of the present study
This component of the TAC project has the followinfprmal objectives:

1. To design a sampling scheme and collect additimrs¢ason data with particular focus on
endeavour prawn species.

2. To revise the historical data sets and incorpaaliteew data into a consolidated data set.

3. To recalibrate the tiger and endeavour speciesrapliels with the consolidated data set and
provide them for use in tiger and endeavour assassnfor the NPF.

4. To examine the stability of the models and recondr@anfuture precautionary sampling that
may be needed to monitor the stability of the sggeproportions.

4.2 Data sets

Twelve studies were used to contribute data todbmsolidated data set, the same as were used
in the Species Distribution project. Each is ndentified by a 2-letter code, which are listed in
Table 4.1 in Addendum 2. Figure 4.10, Table 4.2 Baole 4.3, also in Addendum 2, give some
idea of the relative contribution of the studiesarms of shots, as well as the spatial and
temporal coverage of each. Finally, Figure 4.1ddéndum 2) illustrates the relative sampling
intensity by tiger stock region.

Several features of this record should be noted.

1. The data which has been collected since 2004 isto¢iws study. The NPF Monitoring
project has contributed much of this, but all ous@ason and only in the Gulf of
Carpentaria.

2. The present TAC Species Split component collectesbason data. Endeavour prawns were
a priority, and some effort was made to collecadaitside the Gulf of Carpentaria, where
sampling has been very sparse and sporadic. Gaghreamples outside the Gulf was only
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partly successful, however, and may need furtheipsiag if this becomes a key region in
future.

4.3 Catch allocation models

4.3.1 Predictors and response

The methodology we use for partitioning catch bieses into the component species parallels
directly that described in full in Chapter 9 of givables, Kenyoagt al. 2006). In particular we
build generalized linear models for catch allocatising the following predictors:

1. Location, specified byongi t ude andLat i t ude.

2. Spatially static predictors: distance from larrl,apd), depth, Gept h_av), and average
percent mud in the sedimentué_av),

3. Atemporal variable: time of yearfay) for periodic variations within the year,
4. The elapsed number of days since 1970-01Y,)( for a long-term trend.

The spatially static variables are measured aftmenute grid cell level, which matches the
spatial scale of measurement used by the logbamtde themselves.

The response, that is the quantity for which we eghstruct models, as in the previous study is
a) The proportion of grooved tiger prawiis, semisulcatysn the total catch, and
b) The proportion of red endeavour prawiik,ensis in the total endeavour catch.

Since there is only two species in each group, dme@roportion of one is known, the
proportion of the other is the complementary fi@cti

4.3.2 Model form and construction

Again we follow the methods used in (Venables, Kerst al. 2006), for reasons presented
there. We use generalized additive models fitiethb methods described in (Wood 2006) and
implemented in higgcv package for the R software environment.

Model construction was described in detail in thdier report. The final model chosen, which
remains our present choice for the working cattdcation model, has a quasi-binomial family,
with logistic link and a linear predictor contaigithe following terms:

= Anisotropicterm in location, written a( Longi t ude, Latitude),

= Atensor spline term in time of year and distamoenfdry land, written ase( PDay,
Rl and) , constrained to be periodic in time of year,

= A tensor spline term in time of year and depthjteni ag e( PDay, Dept h_av), constrained
to be periodic in time of year

= A smooth term in percent mud, writtensgsud_av) ,
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= For non-stationary models, a smooth term in elapiseg, written as( Day) .

One innovation we have used with this study ispieodic constraint placed on the time of year
variable in the tensor spline terms. This ensurasthe model achieves a continuous smooth
transition between 31 December of one year anchiadg of the next, as seems natural. This
was not quite achieved in previous models, buttasommercial fishing occurs in the end of
year period, so the change makes little differ¢nasatch allocation.

The same model form is used for both tiger and avale prawns, and the model performance
checks do not differ greatly from those shown ia plervious report.

It is important to note that the form of the mofiéd to the catch proportions is quasi-binomial
with a logistic link. Since this is a quasi-liketiod model, the usual methods for model selection
which rely on likelihood comparisons, such as tke of AIC, are not available. Some
approximate significance tests are available, btit such large samples the value of such tests
is limited. All terms appear to show very highrsfgcances.

4.3.3 Long-term stability

The non-stationary model was fitted as a checkheridng-term stability of the species
proportions. Plots of these components are shovamgre 4.1 and Figure 4.2 below. While
these show some apparent instability, the compaseneasured in the logistic scale, and in this
scale the absolute variation should not be consitigreat:*

1 In both endeavour and tiger prawns, the additiafah even since the report made to the RAG inl 2008
shows a slight downturn in the deviation of thegdarm trend, i.e. if there is a movement it appaarbe towards
stability. This is a very weak.

94



s(Day,8.94)

2000 4000 6000 8000 10000 12000 14000

Day

Figure 4.1: Long-term trend component for endeayiamwn species composition. The fine hairs at thkoln of
the diagram indicate the times when sampling waslgcted.

These terms are significant in the statistical spas will often be the case with very large
samples as we have here, but in practical ternisdfiect on catch allocation is small. In the
working catch allocation models we therefore usestlationary model 3 above. There are two
practical reasons for this. Since sampling onlytstain 1976, there is no way to use a non-
stationary model for catch allocation prior to thate or into the future. Secondly, the sporadic
nature of the sampling in time will mean that tasnponent will not be very stably estimated,
anyway. This is somewhat confirmed by the appayentgularities in the curves are linked
with sampling times.
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Figure 4.2: Long-term trend component for tigerwmaspecies composition. The fine hairs at the botad the
diagram indicate the times when sampling was caiedic

The rising proportion oP. semisulcatus recent times, though not great, seems veryistamg

with, and persistent from, the two precious studldss is not surprising, but the possibility of
an overall decrease in the brown tiger proportibtne total tiger prawn catch will need to be
monitored into the future, at some level of sangplin

4.3.4 Stable components of the models

For completeness we show here graphical repregamgaif the four stationary components of
what we have called Model 3 in the above discussitimese are difficult to interpret, but are
shown here for comparison with previous studiet) which they appear to be entirely
comparable. Figure 4.3 shows the additive compsrfentiger prawns and Figure 4.5 for
endeavour prawns. The two dimensional terms arestas contour diagrams. For the periodic
terms perspective diagrams are given below the plais in Figure 4.4 and Figure 4.6, for tiger
and endeavour prawns respectively.
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Thes(Mid_av) component for tiger prawns shows fairly clearkysing proportion of.
semisulcatusvith rising percent mud, and hence a fairly strbnig with the underlying
sediment. This has been know for some time andus@d in a major way in the first tiger
species split model of Somers. This is not soeidor endeavour prawns, but there is a
suggestion of it, particularly for very high pertemud regions.
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Figure 4.3: Additive components for the endeavoamwm catch allocation model.
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Figure 4.5: Additive components for the tiger prasatch allocation model
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Figure 4.6: Perspective diagrams of the periodinmnents in the tiger prawn model.

4.4 Effect on catch allocation processes

The updates to the data sets, critical revisiorteeédistorical data sets and the minor modelling
changes will have some effect on the outcomestohaalocation procedures. We propose to
gain some insight on the extent and practical aqunseces of these changes by looking at

weighted differences in proportions, old — new, rehtbe weights are determined by the actual
catches made in the logbook record. In detailnoethod is as follows:

1. For the years 1970-2004, estimate the species frop® for each location and date recorded

in the logbooks using old and new models, and ifierdnce in proportions, (Species
Distribution project, 2006) — (TAC Project, current

2. Calculated weighted difference for each tiger st@gkon separately for each year, where the
weights are the actual tiger catches for that gedrregion.

3. Perform the same calculations for the endeavowrpspecies using the endeavour prawn
estimated proportions, SD - TAC, and similar ag¢egadeavour prawn catch as the
weights.

In symbols, these weighted differences of propaogiwill be

5 2w (B )
yr
2. Wy
where y refers to the year, to the stock region anidto the individual logbook record within

the combination of year and stock region. Thys is the tiger, (respectively endeavour), catch
for logbook record in yeary and stock region.

This procedure is designed to measure the averayeye between old and new models that pays
attention to the spatial and temporal distributbdfishing effort and catch.
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These quantities are shown in Addendum 3 in Taldl@dd Table 4.5. The majority of these are
very small, though there are a very few which angegarge. This is particularly the case in
regions outside the Gulf of Carpentaria, where dmghas been rather sparse. It is not
surprising that recent additions to the data is¢hereas can radically change our estimate of the
species proportions as in the previous model thdigtions were largely made by extrapolation
from the experience within the Gulf and less ordraata from, for example, the JBG. This is
true of both tiger and endeavour prawns.

What these tables do not show is the total catcthioyears, seasons and regions for which the
weighted averages have been computed. Ratherahbmthese as well, we present this
information graphically in Figure 4.7 and Figur& #elow. These plot the weighted changes
against the total catch, in tonnes, for the yeas@n/region.

The strong message that both these plots sendtithéihvolatile changes in estimated catch
proportions overwhelmingly occur in times and pkoélow catches, and hence presumably low
effort as well. This is somewhat reassuring, asdaans that the effect on the assessment will be
small, but if these areas attract higher effort eaitth in the future, the present species allogatio
models may be unreliable in those cases.
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Figure 4.8: Changes in estimatbtl ensiscatch as a proportion of aggregate endeavour Ggeimst aggregate
catch for a year and stock region
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4.5 Discussion

In the introduction we listed four informal objeats that this component of the TAC project had
as its main foci. We now return to these and disquegress and outcomes to date.

1. To design a sampling scheme and collect additionakason data with particular focus on
endeavour prawn species.

This has been effectively achieved, to the exteaitthe movement of volunteer contributing
vessels allowed. A sampling scheme was devisedngakiery effort to concentrate on spatial
regions and species for which the historical datard was at best patchy. Some effort was
made to secure some samples outside the Gulf gle@taria, as this is a region very different to
the Gulf, where most sampling has occurred, andédspecies split by extrapolation from the
Gulf experience is likely to be unreliable. Thashbeen shown to be the case, but as the tiger
and endeavour prawn catches for these regiongithrelatively small.

2. To revise the historical data sets and incorporatenew data into a consolidated data set.

This has also been effectively achieved. The histbdata sets have been critically revised and
the new data sets, from the present TAC projectpom@ant and the NPF monitoring surveys

have been incorporated. The additional data has bensiderable, approximately 2000 shots, as
shown by the italicised portion at the bottom oblea4.3.

3. Torecalibrate the tiger and endeavour specied sptidels with the consolidated data set
and provide them for use in tiger and endeavouesssents for the NPF.

After testing, we have decided to retain essegttat same overall methodology as that used in
the Species Distribution report, (Venables, Kengbal.2006), for the reasons extensively
explored and justified in that report. We have o minor changes, namely

a. The purely spatial term in Longitude and Latitus@ow an isotropic term in both models.
In the previous case the term was isotropic foreamdur prawns but a simpler tensor spline
term for tiger prawns.

b. The tensor spline terms involving time of year aog constrained to be periodic, ensuring
that the temporal influence is smooth across tlieoéiyear boundary.

Neither of these changes has had a great influemtlee outcome, but from a statistical point of
view they make the models more satisfactory and wellyuse the data a little more efficiently.

The additional data has had an influence on thehaatocation regions, but mainly in regions
where actual catches, and hence efforts, havertotbheen low. As most of the in-season
sampling also comes from fleet, this result is lretlssuring and unsurprising, but it does
indicate that the present models have a limitetiand temporal range in which they can
safely extrapolate.

4. To examine the stability of the models and recondne@rfuture precautionary sampling that
may be needed to monitor the stability of the gseproportions.

Non-stationary models were fitted with the explaiiin of checking whether or not there was a
long-term shift, or instability, in the overall spes proportions for either species group. There is
cogent that there are such overall shifts goingasrshown by the long-term components in
Figure 4.1 and Figure 4.2, which are statisticadlyy significant. However itis, in relative
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terms, not a very large effect and rather volasiteggesting that the irregularity of sampling is
affecting the estimates in some way. From a prakgioint of view there is no strong reason to
go to a non-stationary model for catch allocatibtha present time, but there is a need to
continue with some level of in-season sampling theofuture to monitor this more closely.
This will become a critical need if fishing effgratterns change in the future, particularly if
more tiger and endeavour prawn effort goes outkidésulf of Carpentaria.

4.5.1 Continuing problems with endeavour prawn species split

Addendum 4 displays the distribution of aggregaitett by distance along the coastline and time
of year, firstly in aggregate for the years 19720087, and then broken down by year. They
show, (according to the species split model), Mhaensisis generally caught later in the year
thanM. endeavouriMoreoverM. endeavouris largely caught in the southern and western Gulf
of Carpentaria anil. ensismainly in Weipa or outside the Gulf. Obtainings@ason data from
the times and places whdvk ensishas been found in the past has been difficuleaent years,

in this project in particular, simply because tleef is now small and largely avoids those
regions at those times.

In the scientific survey datd. endeavouris the overwhelmingly dominant species &hd

ensis when it occurs at all, only occurs in mixed spegamples. The maximum proportion by
weight forM. ensisin the scientific survey data is only about 0.Bdis nevertheless seems to be
enough to establish a fairly clear pattern, whgcthie basis for the species split model. In the
historical data there are times and places wheparding to this model, thd. ensissplit
proportion is much higher than this, from which wker that the model is being used to
extrapolate widely, and perhaps unsafely in sora®irces.

In 1997, and to some extent in 1982, there apjpelae relatively large catches Mt ensisin the
JBG and Weipa, late in the season. Since thareryslittle survey data, particularly recent
survey data, that has polled these regions at titogs, these apparently higher catches rely on
extrapolation from the species split model thattbdse considered potentially unsafe.

These considerations point to a continuing needdovey data that covers these critical times
and places foM. ensis The need for such data, and the effect of obigiat least some more
than was available in the Species Distributiongxbis clearly shown in Table 4.5, where
essentially all estimates bf. ensiscatch have been revised down from the Speciesiliitbn
model extrapolations. In regions inside the godf adjustments are both smaller and more
evenly balanced with respect to direction.

As such servery data is going to be difficult tdamb from fleet samples in the near future, and
asM. ensisis very clearly much less common thdnendeavoutiit may be some time before a
credible assessment ldf. ensisis feasible.
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4.6 Addendum 1: Tiger prawn stock regions and
effort

The following diagram shows the 7 stock regiongdufee both tiger and endeavour prawns,
together with the effort coverage in recent seasbnes grey squares indicate individual 6-
minute grids.

e

:] Effort coverage 2000-2004

I:l Stock boundaries

Figure 4.9: The Northern Prawn Fishery showing#tstock regions, 1 — JBG (JB), 2 — Coburg-MelyM), 3 —
Arnhem (AM), 4 — Groote (GE), 5 — Vanderlins (VI9,— Karumba (KA), 7 — Weipa (WA), and recent overal
effort patterns. (Figure kindly supplied by Royrige CMAR.)
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4.7 Addendum 2: Data sets used in the study

In this appendix we give some information on thatisph and temporal distribution of the shots
which have been used in the analysis. The studéeglantified by a 2-letter acronym, as shown
in table 4.1. Table 4.2 and Table 4.3 show thdisgi) their start and end dates and the spatial
distribution of the shots that they contributehs tstudy.

Table 4.1: Data sets used in this study, 2-letteles, brief title and number of usable shots.

Code | Study Shots
AB | Albatross Bay study 2011
BS | Bycatch Sustainability Study 1997 232
BT | Bycatch Sustainability Study 1998 193
CC | Commercial Catch Observer data 2088
CR | Try gear shots (Carolyn Robins) 192
DV | Try gear shots (Dave Vance) 1276
MX | Maxim cruises 1737
NM | NPF Monitoring surveys 3974
RF | Redfield cruises 1604
SD | Species Distribution project 763
TE | Closures Study data (Rik Bukworth) 261
WG | Western Gulf of Carpentaria Study (Rik Bukworth) 141
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Figure 4.10: Numbers of shots used in the conselitldata set from the component studies. The iddalistudies
are ordered by starting date. The largest studly, isl entirely pre-season and SD is entirely withgason.
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Table 4.2: Studies contributing data to this prog®wing the start and end data, and the numbesisabs by tiger
prawn stock region. Studies are ordered by stadatg. The final two studies, NM and SD, are cauitig. SD will

end sampling in May 2009 and NM will continue fbetforeseeable future.

Study Start End JB CM AM GE VL KA WA | Total
RF | 1976-06-12| 1979-02-16 - - - 6 - 732 866| 1604
WG | 1979-02-05| 1984-12-04 - - - 258 152 1 - 411
CC | 1979-03-14| 1990-11-29 81 212 54 425 1047 236 33| 2088
TE | 1982-01-07| 1984-03-03 - - - 81 180 - - 261
MX | 1983-08-02| 1985-03-28 - - - 1737 - - -l 1737
AB | 1986-03-10| 1992-04-01 - - - - - - 2011 2011
CR | 1994-08-01| 1994-08-09 - - - - 192 - - 192
DV | 1996-05-31| 1997-09-28 - - - - 765 429 82| 1276
BS | 1997-10-04| 1997-10-31 - 13 - 26 134 35 24 232
BT | 1998-09-24| 1998-10-17 - - - 93 100 - - 193
NM | 2002-08-16| 2009-03-15 - - - 593 1556 1318 507| 3974
SD | 2002-09-10| 2008-11-12 25 59 33 230 367 42 7 763

Total shots| 106 284 87 3449 4493 2793 3530 14742
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Table 4.3: Shots used in the study by year and pg@wvn stock region. Shots shown in italics tovgattte end of
the table are new since the original Species Digtion project.

Year JB CM AM GE VL KA WA |  Total
1976 - - - 6 - 9 58 73
1977 - - - - - 300 383 683
1978 - - - - - 416 425 841
1979 - - - 71 44 7 - 122
1980 - - - 65 36 - - 101
1981 - - - 10 10 - - 20
1982 - - - 106 150 1 - 257
1983 - - - 439 169 - - 608
1984 - - - 1212 110 24 - 1346
1985 - - - 241 11 1 - 253
1986 ; ; ; ; ; ; 266 266
1987 - - - - 1 - 365 366
1988 46 126 6 74 219 82 393 946
1989 18 76 31 121 307 61 336 950
1990 17 10 17 162 322 68 295 891
1991 - - - - - - 271 271
1992 - - - - - - 118 118
1993 - - - - - - - -
1994 - - - - 192 - - 192
1995 - - - - - - - -
1996 - - - - 216 173 82 471
1997 - 13 - 26 683 201 24 1037
1998 - - - 93 100 - - 193
1999 - - - - - - - -
2000 - - - - - - - -
2001 ; ; ; - - - - ;
2002 4 17 5 139 159 48 - 372
2003 5 4 4 151 365 303 142 974
2004 2 3 4 89 234 269 163 764
2005 - - - 82 222 157 40 501
2006 - - - 82 217 152 39 490
2007 14 3 5 142 337 164 41 706
2008 - 32 18 108 294 176 48 293
2009 - - - 41 110 91 41

Total 106 284 87 3449 4493 2793 3530 14742
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Figure 4.11: Scientific sampling shots by tigerckteegion in the NPF.
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4.8 Addendum 3: Weighted average differences
between catch proportions

The following tables show weighted differences lestw catch proportions for tiger prawns for
the previous and updated species allocation mod@késfirst part is for season 1 and the second
for season 2. The models are used for grid sq@en@s$imes that actually occur in the logbook
record and the weights are the tiger catch foryhat, season and region.

Table 4.4: Weighted aggregate differencedPinsemisulcatugatch proportions, SD — TAC, by year and stock
region, as a percentage of total tiger catch

JB CM AM GE VL KA WA
1970 -1.2 -0.3 -0.1 -1.9 -2.5 -0.3
1971 -5.3 3.9 -0.3 -2.3 -4.9 1.2
1972 -4.2 -5.1 -1.3 -1.9 -2.6 2.1
1973 -4.8 -5.0 -1.0 -2.6 -5.6 0.5
1974 -3.4 2.2 1.3 -1.8 -2.0 2.8
1975 -5.6 -1.6 0.0 -2.3 -3.0 1.0
1976 -2.4 5.7 2.1 -5.2 -1.6 -1.0
1977 -3.8 0.2 -0.8 2.1 -3.0 -0.4
1978 -8.0 0.4 -0.7 -2.2 -1.7 -0.3
1979 -89.7 -5.2 1.3 -0.6 -0.5 2.1 0.6
1980 58.1 -3.7 1.7 -1.1 -1.1 -1.5 0.4
1981 -18.0 -4.7 2.1 -1.2 -0.8 -1.5 -0.6
1982 -18.8 -3.8 3.8 -1.1 -1.3 -1.5 -0.6
1983 -20.2 -2.5 0.8 -0.4 -1.3 -2.2 2.1
1984 -6.9 -1.6 1.9 -1.3 -1.7 -2.2 0.2
1985 -4.2 -2.4 2.6 -1.0 2.1 -2.7 -0.1
1986 -6.0 -0.6 1.7 -0.5 -1.7 -1.5 0.9
1987 -9.0 -1.6 1.7 -0.4 -0.1 2.1 2.8
1988 1.2 0.4 -2.0 -0.1 -1.4 -2.2 11
1989 -1.8 0.8 -2.7 0.1 -1.0 -1.2 1.1
1990 0.9 0.1 -12.8 -0.2 -0.6 -1.0 0.7
1991 -0.3 -0.8 -12.0 0.4 -0.9 -1.8 4.1
1992 -0.9 -1.1 -10.5 0.3 -1.1 -1.3 2.9
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1993 -3.3 -0.9 -3.2 0.0 -0.9 -1.9 3.0
1994 -1.7 -3.3 -2.6 -0.1 -0.7 -1.2 2.5
1995 0.2 2.7 -1.9 0.0 -1.3 -1.0 1.4
1996 1.2 2.1 -10.0 0.2 -0.9 -1.2 0.4
1997 -1.9 -2.8 -0.6 -0.2 -0.6 -1.5 -1.0
1998 0.0 -2.7 -0.3 1.0 -1.4 -1.3 1.9
1999 -0.5 -1.4 0.3 0.1 -0.7 -1.0 0.2
2000 -4.9 -1.6 2.2 0.6 -0.8 -1.7 1.2
2001 -0.1 -0.3 1.4 0.4 -0.4 -2.3 -0.6
2002 -0.7 -0.3 3.4 0.8 -1.3 -1.0 -5.7
2003 -0.7 -0.2 11 0.7 0.9 -1.5 -0.6
2004 5.3 -1.7 0.2 0.5 1.0 -0.9 12.1
2005 14.2 -0.6 1.3 0.3 0.0 -0.1 5.0
2006 -26.8 -3.3 0.8 -0.2 -0.2 -0.1 2.8
2007 26.8 2.1 1.4 0.1 -1.0 0.0 -3.4

Table 4.5: Weighted aggregate differenceMirensiscatch proportions, SD — TAC, by year and stockamgas a
percentage of total endeavour catch

JB CM AM GE VL KA WA

1970 -46.8 -11.8 7.8 0.7 0.0 0.5 2.6
1971 -16.6 -2.0 0.6 -1.0 0.6 1.6
1972 -11.5 -12.2 1.3 -0.7 0.4 -1.3
1973 -17.6 1.0 -0.4 0.6 2.7

1974 -13.8 -42.6 1.4 -0.5 0.4 0.1
1975 -17.6 0.1 0.3 -2.0 0.6 3.4
1976 -16.0 -10.1 1.5 -0.5 0.0 3.4
1977 -23.2 6.6 0.6 -1.2 0.1 15
1978 -20.8 5.4 0.2 -0.4 0.1 4.6
1979 -3.3 -14.3 -4.2 0.2 -4.0 0.1 2.7
1980 -67.4 -12.7 -5.5 0.4 -2.5 0.1 2.2
1981 -11.0 -12.6 -1.1 1.3 -3.9 0.1 15
1982 -16.2 -11.1 -1.4 -0.4 -3.1 0.0 1.9
1983 -27.6 -6.4 -0.2 -0.4 -3.4 0.1 1.9
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1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007

-11.6
-17.6
-15.2
-7.3
-9.3
-6.7
-11.4
-6.1
-11.7
10.8
-8.6
-7.2
-13.0
-0.6
-6.6
-2.3
-5.0
-4.7
-8.7
-3.7
-3.0
-17.2
-12.5
-13.4

-9.1
-9.5
-6.9
-9.1
-1.4
-4.5
-5.2
-11.9
-9.4
-7.9
-3.5
-4.7
-6.9
-7.2
-4.5
6.9
-17.1
-12.3
-20.6
-12.6
-19.3
-17.2
-11.1
-4.3

-2.0
0.6
-4.0
-0.3
-3.5
2.1
-4.7
-3.4
-0.8
8.3
1.2
5.2
2.7
4.0
1.0
2.5
-5.6
-1.5
-6.8
-1.6
-6.5
-11.6
-3.3
1.8

2.9
-1.0

0.1
-0.8

0.0
-0.8
-0.3
-1.0
-0.6
2.7

0.4
-0.2
-3.9

1.4
2.7

0.6

1.6
-1.9
-0.4
-3.0
4.4
1.7
1.3
1.7

-6.2
-8.4
-3.6
-6.3
-1.4
5.1
-4.1
-3.1
-3.1
-4.6
-3.2
-5.3
-4.4
-2.7
-6.7
-3.5
-9.6
-12.6
-13.6
-14.5
-9.4
-4.0
-4.0
-5.2

-0.1
0.0
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2.7
11
1.7
1.7
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17.3
0.2
-0.4
-0.8
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4.9 Addendum 4: Spatial and temporal
distribution of tiger and endeavour prawn
catches

In this addendum we give a graphical display ofgpatial and temporal endeavour and tiger
prawn catches for the seasons 1970 — 2007. Ingraph the y-axis represents distance along
the coastline, west to east, with the central poirgach stock region indicated. The x-axis
shows the time of year, with the"16f each month shown. The first two displays shiogv
aggregate estimated catches for all seasons, arstiond two displays show the annual
breakdown. In all cases the catch scale is reativhe graphs are slightly smoothed, and
catches less than 1% of the catch range, in eaghlave been removed to enhance the clarity of
the presentation.

114



Distance along coastline

Estimated M. ensis catch

WA

T T T T T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Time of year

115



Distance along coastline

Estimated M. endeavouri catch

T
Jan

T T
Feb Mar

1
Apr

1
May

T T
Jun  Jul

Time of year

1 1
Aug Sep

T
Oct

T
Nov

I
Dec

116



Distance along coastline

WA

VA

CcM
B

WA

VA

cM
B

WA

cM
B

Estimated V. ensis catch

Feb May Aug Nov

Feb May Aug Nov

Feb May Aug Nov

1970 1971 1972 1973 1974 1975
1976 1977 1978 1979 1980 1981
i i i
1982 1983 1984 1985 1986 1987
U - Ll
i i
1988 1989 1990 1991 1992 1993
e
1994 1995 1996 1997 1998 1999
—
2000 2001 2002 2003 2004 2005
2006 2007
I I I I T I I
Feb May Aug Nov
Time of year

WA

VA
&

CM
JB

WA

VA
&
CcM
JB

WA

&
CM
JB

25

20

15

10

117



Distance along coastline

Estimated M. endeavouri catch

Feb May Aug Nov
I |

Feb May Aug Nov
[ |

Feb May Aug Nov
L1 | |

1971

1973

1975

Zs5 3
Ll

(o]
8 =
L1

1977

1978

1979

1980

1981

1982

1987

1998

=
>
Ll

(@)
5 =
L1

=
>
Ly

o
=
|

o
@
|

Feb May Aug Nov

Time of year

WA

20

15

10

118



Distance along coastline

Estimated P. semisulcatus catch

M

JB

ey,

=h

T
Jan

T T
Feb Mar

T
Apr

1 1 1 1 1 1
May Jun Jul  Aug Sep Oct

Time of year

T
Nov

T
Dec

250

200

150

100

119



Distance along coastline

Estimated P. esculentus catch

JB

T
Jan

T T
Feb Mar

T
Apr

T
May

T T
Jun  Jul

Time of year

1 1 1
Aug Sep Oct

T
Nov

T
Dec

180

160

140

120

100

80

60

40

20

120



Distance along coastline

WA

VA

CcM
JB

WA

VA

CcM
B

Estimated P. semisulcatus catch

Feb May Aug Nov

Feb May Aug Nov

Feb May Aug Nov

1971

=

1984

1992

* Bl
-
F =
1997
- e

L I
Feb May Aug Nov

Time of year

50

40

30

20

10

121



Distance along coastline

WA

VA

CcM
JB

WA

VA

CcM
B

WA

VA

CcM
B

Estimated ~.

Feb May Aug Nov
[ I |

esculentus catch

Feb May Aug Nov
L1 1 1

Feb May Aug Nov
[ I |

1970 1971 1972 1973 1974 1975
1976 1977 1978 1979 1980 1981
1982 1983 1984 1985 1986 1987
B - e
1988 1989 1990 1991 1992 1993
i =il i =il i qi W Wi L |
1994 1995 1996 1997 1998 1999
= E = #= =:
2000 2001 2002 2003 2004 2005
2006 2007
L T T T 1
Feb May Aug Nov
Time of year

WA

iR

CM

WA

VA
h

cM

60

50

40

30

20

10

122



4.10 Addendum 5: Notes on the collection and
processing of samples

The material of this Addendum has been kindly siepidby Tonya van der Velde.

4.10.1 Collection of samples for scientific processing

Close liaison with both vessel owners and crewpeks and crew) ensured the cooperation and
participation of Industry to provide to date, 298 kg Endeavour prawn samples and 75 x 5kg
tiger prawn samples during the 2007/2008 seasanpka have come from most fishing regions
of the NPF, but were numerically dominated by sa®ilom the tiger prawn grounds in the

Gulf of Carpentaria.

4.10.2 Source of samples

The distribution (and proportion by location) oéttwo species of Endeavour prawns were
sampled by receiving a 5 kg carton of randomly«telk endeavour prawns from participating
vessels. As an ongoing monitoring process somer icawn sample were also collected during
the seasons. The samples were then transhippeatstmBe for scientific measurement. Data
sheets, sample labels, prawn cartons and instnscti@re provided to each participating vessel
prior to the season. Samples were instigatedlbghene at regular interval throughout each
season. To date a total of 297 x 5kg of endeaprawns and 75 x 5kg of tiger prawn samples
were collected (Table 4.6)

Table4.6. Number of participating vessels, and nemald samples collected, 2007-2009.

2007 2008 2008 2009
Season 2| Seasonl Season?2 Seasonl

Vessels 18 8 17 ~19
Samples 197 21 153 in-seasor

Port-visits at the initiation of the sampling, aatdhe beginning and end of each fishing season
during which we established and maintained goaaticeiships with about 20 Industry vessels.
Port visits were conducted in Cairns and Darwimms€lliaison was the key to the success of
sample provision by the fleet. We explained tha@ang procedures to the skippers and crew of
participating vessels prior to each fishing season.

As well, we had to liaise closely with the vessehers and fleet masters to ensure a clear
understanding that the samples were being purchastt project and that they could expect a
financial return for the prawns that they supplisd Initial contacts were followed up by written
communication, detailing the weight and value & samples provided and inviting the owner to
invoice the project for payment.
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4.10.3 Samples collected

The current project collected to date 371 samgdg)(each) (Table 4.1), the prawns from which
have been speciated and measured. Most samplesfamthe two ‘tiger prawn seasons’ in
2007 and 2008 and one banana season in 2008. @Whyimost vessels fish for tiger prawns
during the second season each year and all patilegpvessels supplied endeavour and tiger
samples.

21 samples were collected from the 2008 ‘bananarpseasons’. Few vessels fish for
Endeavour/tiger prawns during the first season gaeah, and those that do only do so for a few
weeks at the end of the season. Usually aboutdQ8articipating vessels supplied
Endeavour/tiger prawn samples from the first seasmh year.

Samples were collected in most of the fishing regiof the NPF. Most samples originated
from the Groote, Vanderlin and Mornington regiofshe Gulf of Carpentaria. However, good
collection was done around the top end of the NiPtRe Kimberly’'s and Bonaparte regions.

4.10.4 Data collected with each sample

Three sources of data were available to the préjetdile 4.2); a ‘Bridge Sheet’ which was
completed by the vessel skipper whilst fishingsample label’ which was completed by the on-
deck collector, and the processing/measurementniaion for each prawn sample (collected in
Brisbane)(Table 4.7). The Bridge Sheet was a susnofahe duration, environment and catch
of the shot from which the sample was taken. HBaenple label’ provided similar (but reduced)
information to the Bridge Sheet and cross referéngaehe Bridge Sheet. Measurement
information on each individual prawn was taken dgrihe processing of each sample by CSIRO
staff at the Raptis Factory.
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Table 4.7: Description of the data provided by NRBsels on the ‘Bridge Sheet’ and sample labels,tlh@ data
collected during sample processing and measurement.

Bridge Sheet data Sample Label data Individual praw data

Project sample number

Vessel Vessel

Skipper

Collector Collector

Vessel sample number Vessel sample number  Vessplsaumber
Date Date Species

Start Time Start/Finish Time Length

Start Depth Weight (sub sample)
Latitude Latitude Sex

Longitude Longitude Maturity

Endeavour/Tiger prawn weight - Parasite (presence of)

sample shot

Endeavour/Tlger prawn weight - Moult stage
first shot

Endeavour/Tiger prawn weight - Comments

second shot

Endeavour/Tiger prawn weight -
third shot

Endeavour/Tiger prawn weight -
fourth shot

Comments

4.11 On-shore processing and measurement of
samples

4.11.1 Summary

Five kilogram Endeavour / tiger prawn samples ctdld from the commercial catch were
transhipped to Brisbane for processing and measnehy CSIRO staff at A Raptis and Sons
factory. Approximately 20 days processing, to dags been carried out by 3 scientific
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personnel. Key biological data were measured duhagrocessing of each sample. Upon
completion of processing, the prawns were retutogtie commercial product line and the
project was paid commercial rates for the produictthe first instance, the samples were
purchased from the NPF vessels owners at near tiratks; the re-imbursement for the
processed product offset costs to the ‘Speciesibision Project’.

4.11.2 Scientific measurement of samples

The 5 kg samples were transhipped to the A RaptisSons factory at Colmslie, Brisbane where
the prawns were classified into species, sexedraasured by CSIRO staff. Following
scientific processing the prawns were returnethéocommercial product processing within the
factory. The project received payment for the pidhat originated from the project and the
level of payment assisted project funds to reimbwessel owners for the samples that they had
generously provided. We attempted to transfeptbduct in a way that was revenue neutral for
all parties, apart from a cost to the project ftsé&l small number of samples are taken to CMR
Cleveland for further processing; to calibrate krgeight relationship curves and for genetic
studies.

Similarly to the liaison with Industry to obtainmsples, processing them at the Raptis factory
also required the establishment of a good workéhgtionship between CSIRO staff and staff at
the Raptis factory.

CSIRO staff used the electronic measurement sysemloped for the FRDC (Figure 4.12)
‘Monitoring’ project to efficiently process the satas. In total, about 2000 kg of prawns were
measured at Raptis factory over two years.

The following information was collected on eachiundual prawn (see also Table 4.7):

= Species, sex, carapace length, presence of parasipeoductive stage and moult stage.
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Figure 4.12: Electronic measurement system usedotess the samples at the Raptis factory.

4.11.3 Payment for Commercial Product

Vessel owners were offered a price per kg for flasvps that they supplied the project as a
sample. The price offered was usually just aboveketgrice, to maintain the cooperation of the
Industry.

Following processing at the Raptis factory, thedpick was on-sold to Raptis at a price
negotiated with Raptis staff. This price was thetkavailable, given the quality of the product
and the costs of processing at the factory (maaidgur costs assisting with the handling of the
samples). A shortfall between the price paid fershmples and the price received after
processing was met by the project.
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APPENDIX 5. FISHING POWER IN
THE NORTHERN PRAWN - TIGER
PRAWN FISHERY, 1970-2007

Janet Bishol, Bill Venable$, Marco Kienzlé, Trevor Huttori, Cathy Dichmoritand Margaret
Miller

! Current address: 20 Tooth Street, Nobby, QId, raliat
2CSIRO Marine and Atmospheric Research, 233 Midtlee Cleveland, QId, Australia
3 CSIRO Mathematics and Information Sciences, 23&dMdi Street, Cleveland, Qld, Australia

5.1 Summary

This study addresses objective 2 of the TAC Pro|dptate the fishing power series and
develop a pre-ITQ fishing power. The following elsms have been completed:

= The 2003 models have been re-fitted and the cosff® re-estimated, using all the latest
available data (1970 to 2007)

= The extent and treatment of technology change® 26062 have been reviewed
= Possible improvements to the fishing power modeR063 were identified

= We have shown that reducing the fleet size is @astmtwith decreases in expected catch
rates

= A model (to be referred to as the 2009 integratedet) has been identified that
integrates the features of the 2003 basic andadpatidels, and the results of the above-
mentioned reviews and investigations (Figure 5.1).
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Figure 5.1. Cumulative relative fishing power from2009 integrated model compared to three series fro2003

5.1.1 Summary of recommendations

1. We recommend the 2009 integrated model to représernbwer bound of trends in relative
fishing power in the NPF (as an alternative to283 basic low model). Like the 2003
series, the 2009 integrated model is based on eegdigom the data as far as possible, and
incorporates expert knowledge and judgement in @nerathat is comparable to the 2003
Basic Low model.

2. There is evidence that relative fishing power cdadchigher, especially in the first season
(2009-S1, Figure 5.9, and associated text). Weesign explicit precautionary allowance
for this be made in the stock assessments, asewemable to recommend a series that is
based on the data alone to represent a High bopunddmiddle” series is available, that is
an estimate above the “Low” boundary, but not apenfpound of uncertainty. A change in
philosophy is implied if the RAG adopts the 2002+high series and abandons the 2003
High series. That is, we are stating that we havearresponding high for 2009 as a
proposal (as compared to the 2003 High series}temBAG deliberated over the
implications of the change in the practice of defiranges of uncertainty that this
represents. The RAG adopted the mid-High modetdnisitivity tests of the stock model to
fishing power alternatives. They did not requirelpper bound and acknowledged the
change in philosophy.

3. Monitoring innovations in fishing technology, theegifications of new vessels and changes
in gear due to changes in management regulatiensngortant prerequisites for assessing
fishing power changes into the future. We noteddiewing items for observation:
innovations in TED/BRDs patrticularly their positiamet tapers, high strength netting, 3D
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plotters, GPS linked to autopilot. Specific reconmahetions are reported to NPFRAG along
with routine stock assessments.

5.2 Introduction

The approach to estimating relative fishing povegrtifie NPF tiger prawn fishery has been to fit
a statistical linear model to logbook data, to predaily catch rates (on a log scale) from a suite
of terms that represent abundance, vessels, skippértechnology (Bishop, Venables,
Dichmontet. al, 2008). This approach is well-known (Maunder Buoaht, 2004); however in the
prawn fisheries of the NPF the fitting of such misde compromised by severe confounding
between vessel terms and prawn abundance.

This confounding is severe due to a confluenceactofs: the fishery has been actively
managed by input controls which have forced suddajor changes in nets and consequently in
swept area capacity. The fleet is a modern indalsirie, and adoption of innovations in fishing
technology has been rapid (for example see RoWasig and Die, 1998). There has been an
influx of purpose built vessels. Many of the chamgefishing gear are within-vessel changes,
and the vessel refits usually occur during the@nygkar season closure. Consequently, the
modified vessels fish for the first time in a nesason on a new cohort of prawns. Since prawns
are short-lived animals with a life span of 18 nisntaximum, the annual abundance is
inevitably confounded with the within-vessel chasmderevious work has concluded that the
logbook data alone could not fully resolve theifighpower issues, because of this confounding
between vessel technology changes, movements sélgeand local abundance (Bisheifal,.
2008). In such circumstances there is a high hakfishing power series will be biased low, and
corresponding standardised abundance series whiidsed high (Bishop, 2006).

To compensate for this unavoidable deficiency endhta, the fishing power models for the NPF
tiger prawn fishery have the feature that somdefcoefficients (e.g. for technology that could
not be well-estimated from the available data) wiedd (or offset) at values obtained from
external evidence including expert knowledge aniggment. So-called “high” models also
allowed for a precautionary element, when fixing tioefficients for technology. The “low” and
“high” models were intended to provide an enveloppossible fishing power changes from
1970 to 2002, based on all available evidence jtamds considered unlikely that fishing power
would be lower than “Low”, and unlikely to be hightean “High”.

These models that have been used for recent astucil assessments up until 2007 are
referred to as “the 2003 models” in the presendmedhey are the basic low (BLO), basic high
(BHI) and spatial high (SPHI) models described inohnont, Bishop, Venablest al. (2003) and
Bishop efal. (2008). Each model is of the form:

log(cijkt) =a,t ylog(fijkt) + anqxqjkt + Zpﬁp Iog(\/pik) + Zhg(i,k,h)é'h t&
(Equation 1)
where
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Ci denotes the daily cateteight of tiger prawns plus half the endeavour pravof
vesseli fishing in areg, yeark and month;

fi. represents effort, hours trawled per day;

Xq are terms to represent abundance and availalgiigluding year, month, area);
V, are 1 tgp continuous vessel, gear and skipper charactesjstic

a(i,k, h) functionsg of categorical vessel, gear and skipper charaties]

£ an error term assumed independent and homosagdasti

The basic relative fishing power for the fleet egelar was the arithmetic mean of per vessel
fishing powers, weighted for the effort of eachsedghat year.

Z fi (€XPCy —Cy))
Reirsi = Z >

Equation 2

The relative fishing power each year (relative 930, M) and the fishing power
970i/s, ]
each year relative to the previous yegy = Reirs were calculated.
~1ils,

The 2003 models used data from 1970-2002 for esmaf the coefficients. A vessel
dataset with imputed values for some vessel or geaacteristics (to fill data gaps in the 1970s
and 1980s) was used for the evaluation of reldisleng power. Imputation methods included
cluster analysis, assumptions based on sister ahghadjacent years, and random allocation in
the proportions expected fleetwide according tdiphbd descriptions (Dichmoet al.,2003).
This dataset will be referred to as the “Reconsedifleet”. For annual stock assessment in the
years 2003-2007, each new year of vessel configasatvas added to the reconstructed fleet
dataset for evaluation of changes in relative figipower; however the fishing power model
itself was not re-estimated.

The present study addresses objective 2 of the PA&ct:Update the fishing power
series and develop a pre-ITQ fishing powEs achieve this objective,

e) The BLO, BHI and SPHI models were re-fitted, anel tbefficients re-estimated, using
all the latest available data to 2007.

f) The extent and treatment of technology change® €662 were reviewed,

g) A major change in the fishery since 2002 has beedaction in fleet size (from 97
vessels in 2003 to 51 vessels in 2007). We invastegwhether reducing the fleet size
has had any impact on the fishing power of thetflee

h) Possible improvements to the fishing power mode&esevalso investigated.
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i) A new fishing power model was identified (to beareéd to as the 2009 integrated
model). This model integrates the features of @32nodels, and the results of the
above-mentioned reviews and investigations. Itnew “Low” series. A new “High”
series could not be identified. However, a mid-héghes is available for sensitivity tests
of stock assessments.

5.3 Methods

5.3.1 Re-fit the 2003 models using the latest available data

The 2003 models were re-fitted using all the ladestilable data, (1970 to 2007,
n=635,770) and the coefficients were re-estimalée.fishing power series from the newly re-
fitted models were compared to the projection2fad3-7 (not re-estimated) that had been used
in recent stock assessments.

5.3.2 Review the extent and treatment of technology changes since
2002

Three methods of review were:

1. Informal discussions with industry members to deiee significant innovations in
technology since 2002, with a view to identifyingms for which data should be collected,
whether for current or future fishing power asse=sis

2. Analytical Hierarchy Process (AHP)

In the 2003 models, coefficients for technologyt t@uld not be well-estimated from the
available data were fixed (or offset) at valuesaot#d from external evidence including expert
knowledge and judgement. A criticism of the 2003eie is that no formal or data driven
process had been applied to the process of setiings for the offsets. The present study
investigated the application of the AHP (Saaty,)38 these decisions. AHP is a technique that
decomposes a decision-making process into a higrarfccriteria, and alternatives. Experts are
asked to make numerous of pairwise comparisonghndre arranged into matrices and
eigenvectors calculated to achieve ranking of adtéves.

Four sources of information for this AHP were:

@) coefficients from the statistical analyses of conmoia logbook records
(described in this report);

(b) other published information about the impact ohtemlogy on fishing
power;

(c) skippers’ rankings of technology with respect teitltontribution to
fishing power, obtained by questionnaire in 19988i8hop and Sterling,
1999), and

(d) scientists rankings of the information value ofeliént data sources.
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3. Analysis of coefficients from structured seriesraddels

Items of technology that were only partially adabte the NPF in 2003 were reassessed
with the new years of data (2003-2007).

Older technology were assessed for instability thight indicate the presence of
confounding. The findings were used to suggestavgments to the models. Analysis of
coefficients for each technology item that werénested by each of 62 model variants that were
investigated (These models are described in adatgion). For each technology item a dataset
was built that contained 62 records, one from ed¢he 62 modelling runs (32 from the
computational experiment, plus 30 from the furtltandidate models” series). If the technology
item was coded to three levels (presence, absankapwn) then the coefficient for “presence”
relative to “absence” was the one selected to pakein the analysis. For each technology item
that was re-assessed, the coefficients were imgatstl by a linear regression where the
dependent variable was the coefficient for a sitgbanology item, and the independent
predictors were the factors to be investigatedhleysensitivity experiment and further candidate
models. Factors that proved statistically significaere taken to be confounded with the
technology item; conversely, the mean value fooeftfecient with small standard error and no
significant predictors was interpreted to indicsti#ble and converging evidence for the
importance of that technology for fishing power.

5.3.3 A new variable to represent navigational accuracy

An immediate outcome of the three review processesan alternative treatment of
electronic aids to navigation, that makes use tdreal information about navigational accuracy.
Accuracy of position fixed by electronic navigatiaials can be affected by the number of
satellites above the horizon and their heightdistance to a base station, ionospheric conditions
which vary during a day, errors in satellite ephearend clocks, and the hardware and software
and the datum setting of the receiver unit (GeomaeAustralia, 2005; Seynat, Kealy and Zhang,
2005).

In the 1990s one of the greatest limitations iruaacy of GPS for civilian users was due
to deliberate degrading of the broadcast GPS signtdie US Department of Defense, for
homeland security reasons (“selective availabilidditional infrastructure was used with the
differential concept (where range errors were aeit@ed at a known location and transmitted to
users; differential GPS or DGPS), to improve thel®f accuracy. In 2000 selective availability
was turned off, thus instantly improving the accyraf both GPS and DGPS.

Given all the possible sources of error, and uag#st about these from day to day,
Table 5.1gives an indicative schedule (compiled from extesoarces) of navigational accuracy
that may have applied on fishing vessels in the .NIFPlé navigational accuracy potential of each
vessel each year was determined as precision tireg)@ccording to the information in Table
5.1. If technology status for a vessel was unknadvwayAccuracy = (best accuracy at the
time)*(probability of presence in unknown vessélattyear), based on historical fleet aggregate
data described in Dichmoat al. 2003
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Navigational accuracy was fitted in the fishing gownodels in two alternative forms:
(1) The natural logarithm(accuracy, m) as a lirteem; (2) as categories of accuracy (because
this allowed for non-linearity including thresholtdsbe detected).

Table 5.1. Schedule of navigational accuracy (Appsdmate history of accuracy on Australia’s northern
coastline)

Aid to navigation Accuracy : metres
radius
Radar in the Gulf of Carpentaria — flat featurelesastline, and long trips 10,000

often many days out of sight of lan@R Ministry of Defence, 1987

Satnav (Transit satnav accuracy depended tremelydmushe frequency 500
of position updates which only occurs once for esatillite that passgs
by- every few hours or so. Location relied on deszkoning (logging
speed and gearing) between fixds)gsdon, 1995

GPS with selective availability turned on (Navstllpwing for number of 120
satellites above the horizon and remoteness of iRl base stations;

1989-1999)Geoscience Australia, 2005
GPS with selective availability turned off (2000Ggoscience Australia, 20
2005
D_GPS with selective availability turned on (~19B899)Geoscience 20

Australia, 2005

D_GPS with selective availability turned off (20Q@eynat 2004 5
furuno.com.au GP 37

*If technology status for a vessel was unknown, Almuracy = (best accuracy at the time)*(probabibfypresence in unknown vessels that
year), based on historical fleet aggregate dateritbesl in Dichmonget al 2003

5.3.4 Does reducing the fleet size affect relative fishing power?

There has been a reduction in fleet size over tga@ars, from 97 vessels in 2003 to 51 vessels
in 2007). In order to investigate the relationsbiipeductions in fleet size (and search potential)
and catch rates, a moving sum of effort within d@dddumile radius each week was calculated,
which we refer to as Local Tiger Effort. Local Tigeffort was the sum of effort in the 6-
nautical-mile square grid and eight neighbouringgrfor the week centred on the current day.
This effort was fitted in the fishing power modelsiwo alternative forms, namely as spline
terms and as categories of Tiger Local Effort.
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5.3.5 Investigate possible improvements to the fishing power
models of 2003

The model specifications of the Basic Low and Hagld the Spatial models of 2003 were
reviewed with the aim of identifying possible impements to the models. The sensitivity of
relative fishing power to a number of modelling ideans or alternatives was then investigated.

In order to identify possible improvements to tl@®2 models, the sensitivity of relative
fishing power to modelling decisions or alternasiveas investigated in the following ways. A
computational experiment was conducted, to assassug combinations of 12 binary factors, in
a fractional factorial design, that jointly speedicharacteristics of models all of the same form
as Equation 1. This computational experiment waslai to those described in Bishepal.,
2008. The factors that were investigated are listelthble 5.2. A second series of models
(referred to as “candidate models”) was also fitdmpare results from some additional
decisions including linear, random effects and sblvegression. All these modelling decisions
were assessed with respect to their impact on atmelfishing power, and annual increments
in fishing powemjnc.

In summary, there were 62 modelling runs (32 Froendomputational experiment plus
30 from the further “candidate models” series).leamdel run produced a series with 38 rows
(one for each year) and with 2 outcome variant®émh model run (basic and spatial relative
fishing power). A dataset was built that contaia#dhese outputs (n=4788 records with
columns for relative fishing power and Qinc andtladl factors and their levels). The analysis
was to fit a linear mixed model, where the depehgianable was logf...), fixed effects were
the 12 binary factors of the experimental desigwl, year was included as a random effect.

Table 5.2. Modelling decisions or alternatives tha were systematically investigated by means of
computational experiment, candidate model series ahalternative definitions of relative fishing power

Topic

Factors assessed by computational experiment

1 Catch records aggregated to month-grid vs. dailgggregated
2 Include or exclude hours: log(hours fished pef) da

3 Include or exclude lightly fished grids (< 3 dger month)

4

Treatment of unknown technology status: preskséfat/unknown category or continuous variable ragnfiom 0 to 1
with unknown status represented by the proportigreeted in the unknown fleet.

ol

Navigation accuracy schedule or “NAV3" hierarafynavigation aids, plotters and plotter softwameall as separate
categorical variables.

Skipper and company terms
Spatial term: tiger prawn stock region (as invjimes models) and sub region (based on banana pegions

bspline(day) vs month as categorical term

© 00 N O

bspline(depth) vs quadratic depth
10 Include or omit terms for moon phase and intevas
11 Include or omit three way interaction terms

12 Include or omit terms for habitat at fine spatile (Mud, Untrawlable ground, fine scale efterm based on effort of
1996-2000, with interactions )
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Some candidate models

13 The models were fitted by robust regressiotintd the influence of outliers (fitted by M estinnat; Huber, 1973) and
linear mixed models with either random Year, randéessel, or random Year.Vessel (Venables and Dictin2®04)
in addition to the usual linear model with fixedeets.

14  Include or omit local effort (nearest 6nm gnis week)
Fishing power outcomes that were investigated asd#rs in the sensitivity analysis
15 Alternative definitions of relative fishing pormvesee Table Footnote #15

1. Basic Sum of linear predictors for vessel terad/j with YAM constant, M reflects Season 2
2. Spatial-year. >VAM with Y constant;
3. Spatial-seasonX. VA with YM constant, M reflects Season 1
4. As for #3 above, and M reflects Season 2
16 Relative fishing power for reconstructed fleatadcompared to relative fishing power for estioratiataset
17  For spatial relative fishing power: Survey deimator compared to commercial denominator

18 Subset of similar vessels vs entire fleet, anditect fishing power” see Table Footnote #18

Table Footnote #15

Two classes of fishing power definitions were impénted in the 2003 models: tiBasic and theSpatial, in future to be
referred to as th8patial-year. A third definition, theSpatial-seasonwas implemented in the current project.

The Basicfishing power is a per-fleet measure, definechasmean of the per-vessel powers for season laspse each year.
The per-vessel relative fishing power (per yeagefined as the sum of the linear predictors ferwbssel component. The basic
definition of fishing power does not reflect anyadige in spatial or temporal patterns of fishing #ratefore lacks accounting
for improvements in targeting, and loss of fishadleas due to closures. (By convention, the 20G@3cBelative fishing powers
adopted Basic-season-2 outputs, Table 3.2).

Thespatial-year fishing power incorporates additional componeatssflect changes in spatio-temporal fishing pateelative
to the most favourable times and places. 3patial-year definition of fishing power captures improvemeirtgargeting, and
loss of fishable areas due to spatial and seasmsurgs and accounts for these as changes in figlungr. However, by
accounting for season closures, fipatial-year fishing power captures some of the within-yearilabiity changes as fishing
power, which is undesirable because availabiliglisady accounted for in the stock model.

The newspatial-seasordefinition of fishing power is part-way betweer Basic and theSpatial-year definitions. It is intended
to account for improvements in spatial targetindisting power, while avoiding double-accountingasfilability changes by
fixing month to minimise the contribution to fiskjpower of any season closures.

Table 5.3: Differences among the definitions of$hing power. V is terms to represent vessels andctenology,
Y is year, A is Area or Region, M is Month, D is Dpth, H is Habitat variables, L is Lunar phase.

Basic Spatial-year Spatial-season
(also known aSpatial)

Fishing power is sum of linear >V >VAMDHL 2>VAD
predictors for these terms

Terms held constant YAMDHL Y YM
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Value of constant month term May (Season 1) - May (Season 1)

Sep (Season 2) Sep (Season 2)
Conventional Usage 2003 Basic Low and 2003 Spatial High, ang Current study
Basic High , and current current study
study

(with month fixed at
September to represern
Season 2)

—

Table Footnote #18

The standardised cpue was the mean daily catch iratieg/ standard night with 12 hours trawling comg 209
hectares, according to the exponent of the lineadigtor, with a correction for bias, for a hypdibal standard vessel in depth
strata for each region, month and year, at new moon

Ui = exp(cs,j,t + %02)

From these results for each month and stratumppropriate weighted (for stratum area) index oatiee abundance
was constructed to represent the entire fishegh gaar.

An alternative definition of fishing power was déyged as follows. “Indirect fishing power” was dedd as the ration
of nominal cpue for the year to the standardisadhdance for the year (an index in relative unientstandardised to unity in
baseline year):

CPUE%

The hope is that indirect fishing power may proeeusate and reliable, not only when obtained from éntire fleet
but also when obtained from a subset of similaseiss say from one company, because this wouldceethe extent of data
required on vessel and gear characteristics.

)

Model diagnostics including AIC, BIC and’ Rere not utilised because these have not proved
useful in previous analyses of the NPF tiger fighegbook data (Bishopt al.,2008). One
reason is that because of the large number ofdectire available degrees of freedom can
overwhelm the change due to adding or removingvgpl@rameters. Another reason is because
information criteria including AIC and BIC are n@fevant when the dataset does not contain
the information that is sought, for example whemas not been collected for the purpose of the
model, as is the case with fisheries commercidddoy data. Instead, the criteria for choosing
between models included parsimony, degree of separa cumulative relative fishing power
from relative abundance, and stability of reswudtgofding indications of possible confounding).

We wanted to identify the source of variabilitythre data that remained after fitting the
preferred model. Analysis of variance components ugsed to investigate the relative
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contribution of random effects of vessels, yeansl, seasons to the variance of the residuals of
the preferred model. The model was fitted by theimum variance quadratic unbiased
estimation method (MIVQUEDQ; Hartley, Rao and LMott878).

5.3.6 Integrated model of fishing power

A model was specified to incorporate the findingsif all the preceding topics of
investigation (the new years of data, the revieweohnology terms, the impact of reducing fleet
size, and the review of modelling decisions anklifig power definitions). This model is of the
same form as the 2003 models (given in Equaticani)is a “Low” model. We term the model
the 2009 integrated model. A summary of differermetsveen the 2009 and the 2003 models
appears in (Table 5.4). The main features arelks\vis

» The spatial scale is slightly finer, being stoak sregions rather than stock regions. This
should improve the model’s ability to correctlylest declines in abundance such as the North
Mornington decline in brown tiger prawns.

» Electronic aids to navigation (Satnav, GPS/Plpf&3PS) were replaced by a single variable
for navigational accuracy, and plotter include@dagparate item.

» A variable to reflect the number of vessels fighimthe local area at the same time was
added, thereby giving the model the ability to capioss in fishing power when the number of
vessels in the fleet dropped very low.

» The definition of fishing power was “spatial seagj a lower result than the “spatial all-year”
that was the convention in the 2003 SPLO modelhiglter than the “basic” that was the
convention in the 2003 BLO and BHI models.

* A number of terms (including moon phase, habigatables, some technology items and
skipper and company terms) were omitted. These teemes had been thought necessary to
enable the spatial model to work, or to capturesthite of technology impacts on fishing
power, but could now be dropped given the othengha in the models.

The detailed specifications of the 2009 Low model@mpared to those for the 2003

models in Table 3.5 and Table 3.6.

A mid-high model (a “middle series”) was also preed, similar to the 2009 integrated
model. The 2009 mid-High model differs from the 2Q®@w by a) fixing trygear and plotter
coefficients at higher levels by offsets and bjhggshe spatial-year definition of fishing power
instead of the spatial-season 2.

Table 5.4. Summary of changes from 2003 model to @® Integrated Low Model*

Changes

Spatial term stock_sub-region instead of stockaregi

Moon terms omitted

Fine scale spatial terms omitted (historical efid®96-00, mud%, untrawlable ground)
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item

Electronic aids to navigation as categories of gadnal accuracy, and plotter included as a swelira

Plotter software omitted

Colour echo sounder omitted

Sonar omitted

Satellite phone omitted

Skipper terms omitted

Size of company omitted

Local effort (fleet size in the local area) added

Definition of relative fishing power: Spatial foeftember-October

* Justifications for all but the last of these chas are found in Table 7.

Table 5.5. Structure of fishing power models — sumary of differences among models. Shading indicage

topics with differences

Models of 2003

2009 Integrated

model
Basic Basic Spatial Low
Low High High
Intercept Include Include Include Include
Abundance (Y=Year, YAMYA YAMYAYM YAMYAYM YAcYAYcAc
A=Area, M=Month, YM AM AM AM
c=bspline(calendar day)
Moon Phase and Include Include Include Omit
interactions
Spatial — habitat attributes
Spatial term (Area)  Tiger stock Tiger stock Tiger stock Stock sub-region
region region region
Fine scale spatial effort Omit Omit Include Omit
history and interactions
Depth Quadratic Quadratic Quadratic Quadratic
Mud, Untrawlable ground Omit Omit Include Omit
Availability depth-month Omit Omit Include Omit

from survey data

Vessel
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Hull age and construction
group

Swept area

Log(Swept area rate) from
PTPM

Log(hours fished)
Catching efficiency of gear
TED/BRD

Navigation accuracy

Radar
SatNav, GPS, D_GPS

Imaging
B&W Echosounder

Colour echo-sounder

Sonar
Sampling
Trygear
Information storage
Plotter

Plotter software

Communications

PC_Satellite
Satellite phone

Skippers

Years of experience as
skipper in NPF, Year first
worked as skipper in NPF

Size of company
Catch handling
Autopilot

Local Effort (fleet size
effect)

Precaution

Definition of fishing power

Sum over year of linear
predictor for these terms

Terms held constant

Include

Offset
Offset

Offset

Offset

Categories
with or
without

plotter and
plotter
software

Offset

Include
Include

Include

Include both
with
navigation,
see above

Include
Include

Include

Include

Offset
Omit

None

Basic —
season 2

Y
YAM

Include

Offset
Offset

Offset

Offset

Offsets with
or without
plotter and

plotter
software

Offset

Offset
Offset

Offset

Include both
with
navigation,
see above

Offset
Offset

Include

Include

Offset
Omit

In tech offset
values

Spatial

YVAM
Y

Include

Offset
Offset

Offset

Offset

Offsets with
or without
plotter and

plotter
software

Offset

Offset
Offset

Offset

Include both
with
navigation,
see above

Offset
Offset

Include

Include

Offset
Omit

In tech offset
values

Spatial

YVAM
Y

Include

Offset
Offset

Offset

Offset

Categories for navigational
accuracy with probabilistic
treatment of unknown

Offset
Omit
Omit

Include
Include
Omit
Include
Omit
Omit
Omit

Offset

Include
None

Spatial — season 2

>VA
Yc
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Table 5.6. Assumptions of fishing power models -usimary of differences among models

Models of 2003 2009
Basic Basic High Spatial Low and
Low High mid-High
Definition of target effort Tiger+tendeav>  Tiger+endeav> Tiger+endeav> Species Dist 2
banana banana banana (model)
And
Tiger+Endeav>0
“Augmented”, “Augmented”, “Augmented”, “Augmented”,

Logbook data inclusions

2003 method

5 tiger prawn
stock regions

2003 method 2003 method

5 tiger prawn
stock regions

5 tiger prawn
stock regions

2003 method

5 tiger prawn
stock regions

Months 3-5,8-11

Months 3-5,8-  Months 3-5,8-11  Months 3-5,8-11
11
Treatment of missing hours Imputed (2003 Imputed (2003 Imputed (2003 Imputed (2003
method) method) method) method)

Vessel Codes Pre-review Pre-review Pre-review Post-review
Basis of relative fishing power  Reconstructed Reconstructed Reconstructed Reconstructed

fleet, 2003 fleet, 2003 fleet, 2003 fleet, 2003

method method method method

5.4 Results

5.4.1 Re-fit the 2003 models using the latest available data

The 2003 models have been re-fitted using alldkest available data, (1970 to 2007) and the

coefficients were re-estimated. The newly re-fitteoldels were compared to results from the
2003 model and its projections for 2003-7 (thesggations had been used as inputs to stock
assessments each year for 2003 to 2007)(FiguréSii)e the effects of re-fitting are not large
in the case of the basic models, there is an dfigtie case of the spatial model.
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Figure 5.2. Cumulative relative fishing power from2003 models re-estimated from latest available dat@ata
to 2007, labelled 03/07. These are the new resdlteompared to “old” results, from the 2003 models
projected forwards from 2003 to 2007 series. Top: &ic models. Bottom: Spatial model.
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5.4.2 Review the extent and treatment of technology changes since
2002

Harvesting

Changing management regulations, including a sefiests in allowed headline length,
had imposed significant changes in gear since ZD&impacts of changes since 2002 in
headline length, boards, engines and propulsicswapt area performance rate (SAR) were
captured by an engineering model, the Prawn TrarfoFmance Model (PTPM, Sterling, 2005).
These changes and impacts have been separatettecefmthe NPF RAG (Bishop, 2008). An
important feature was the change from the tradiighape of nets that had occurred when nets
were cut down in size in response to the cutslowald headline. The modified nets were
draggier than traditional nets, and the PTPM wadifigal to adjust for this. The resultant swept
area rates have been incorporated into all thenfighower models.

There has been no known change in the catch eftigief TED/BRDs since 2003. The
allowance for loss of catch due to TED/BRDs, (-3Ptdcent years; Brewer, Heales, Milton et
al., 2006) have been incorporated into all theifiglpower models.

We recommend that innovations in TEDs/BRDs shoeldnonitored, particularly their position
in nets.

Navigation

Increased navigational accuracy allows precisetipogng of the trawl, which allows
new targeting strategies such as trawling veryectosuntrawlable ground, or repeatedly trawling
the same trawl track (“trawling the line”). GPS apped in the NPF or 1989 and was fully taken
up by the fleet by 1992. Differential GPS (DGPSpegred in 1997, and by 2002 was on board
roughly half the fleet. However, whether DGPS hag ianpact on fishing over and above the
impact of GPS was difficult to assess due to chaungeccuracy of GPS and D_GPS, and
possibly some confounding among innovations thpeaped concurrently --GPS, differential
GPS, plotters, and plotter software.

The esimates of the impact of categorised navigatiaccuracy on catching power were
stable and internally consistent (Figure 5.3, Fegaid). The impact of satnav compared to no
navigation equipment at all was to increase cattésrby 8%. When GPS had an accuracy of
120 metres radius (1988-99), the impact on catids rrompared to no navigation equipment at
all was to increase catch rates by 10% on avek&pen accuracy increased to 20 metres
(whether by GPS when selective availability waséglr off in 2000, or by differential GPS),
catch rates increased by another 4%. The coeffiterhog (navigational accuracy) was -0.024.

Equipment that links GPS output to autopilot israrovation with potential to improve fishing
power and the uptake of this technology should baitared in future.
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Figure 5.3. Coefficients for impact of navigationakccuracy on log(catch kg/day)
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Figure 5.4. Cumulative relative fishing power with alternative representations of electronic aids for
navigation: categories (to represent presence absanor unknown status), or navigational accuracy.
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Imaging

Colour echosounders appeared in the fleet in 1882\ere fully taken up by 1987. The
assessment of colour echo-sounder has tendeduaskable in previous analyses. The analysis
of coefficients from the sensitivity experiment ahé candidate models produced no clear
evidence that the impact of colour echo-soundéemiél from zero.

Sonar appeared in the NPF fleet in 1982, and by 2@@ reached 14%. The highest prevalence
of 25% occurred in 1998. The fact that prevalerfcgooar never reached even 50% in the fleet

suggests that its real benefit may be small. Regsants of data are all years with contrast in the
data. When investigated with the new years of dattaar was not associated with any important
impact on fishing power (Figure 5.5).
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________ g __ |1 _ _Spatial Lo
-0.01
-0.02
-0.03 I X
-0.04

DATA7007

Figure 5.5. Coefficients for sonar from sensitivityexperiment
Information management

Plotters allow storing and sharing of informatidooat trawling hazards, and favourable trawl
lines. Plotter software makes it easier to manhgestored information, possibly making it more
concise and useful. The data for presence and ebsémplotters is almost identical to the data
for presence and absence of GPS, therefore thitsrémuthese items have been difficult to
separate in previous models. With the navigaticueecy variable in the model replacing GPS,
the impact of plotters was estimated to be impoy&raround 0.043. This result was quite
stable.

Plotter software appeared in 1997 and prevalentieeifleet reached 97% by 2007. Plotter
software had only 23% uptake at the time of theiptes project, therefore the new years of data
(and contrast within years) potentially added intgatr evidence for the assessment of plotter
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software usefulness. However, in the new yearsat#,dhe presence of Plotter Software is
completely confounded with the variable that repnés having a computer on board that is
connected to satellite email (PC_SAT). When ingegéd with the new years of data, Plotter
Software was not associated with any important ohpa fishing power (Figure 5.6).

The 3D seabed mapping plotters appeared in 20@&rbunot common enough in the fleet yet to
assess any impact on fishing power from logbook.dat
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Figure 5.6. Coefficient for plotter software from ®me candidate models: YV=Random Year+
Vcode; LS=Least Squares; Y=Random Year; V=Random Mude; Robust=Robust regression

Communications

Communications technology aids skippers decisitmasighow long to stay in a given fishing
ground, and in which direction and how far to steBxmes communication technology aid
decisions about targeting shots within a given?3ticho, then the impact of communication
could be entirely captured by the spatial and tawdgerms in the model, given the spatial
definition of fishing power.

Satellite phone appeared in 1996 and reachedjtdke in 1998. There was no evidence that
satellite phone added anything to fishing powetirfestes were consistently less than zero).

Computer on board connected to email facilitieseapgd in the fleet in 1997. In 1998 Satellite
Vessel Management System (VMS) was introduceddmteally 100% of vessels had access to
email. Since then the coding of computer on boaidontinued, (in later years the variable is
suspected to be unreliable), however nature arehegf any use of the computer with email
facilities is unknown. Therefore the variable noder captures the intended concept of the email
form of communication. In spite of these limitatspithe impact of PC_SAT on fishing power
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was consistent, stable and important (about 0.0Z6029) when fitted with the new years of
data.

5.4.3 Does reducing the fleet size affect relative fishing power?

Expected catch declined slowly in association weklining local effort (Figure 5.7). There was
a small effect on fishing power when the local gfferm was included in the models (Figure
5.8).
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Figure 5.7. Impact on expected catch of local effodirected to tiger prawns (within moving 8 neighbairing
grids and week, centred on current grid and day)
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Figure 5.8. Cumulative relative fishing power wherchanges in local effort were accounted for, compadeto
similar models without such accounting (the 2003 nuels fitted with 1970-2007 data.). Top: Basic lownd
high. Bottom: Spatial low and high.

5.4.4 Investigate possible improvements to the fishing power models
of 2003

Among the topics that were investigated, the didins of fishing power proved to be
influential, and for clarity this topic is consi@erfirst, in section 3.3.1. The results of the othe
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investigations into the sensitivity of model outptit modelling decisions are outlined in section
3.3.2.

Definitions of relative fishing power

The fishing power outcomes were sensitive to thmidiens of fishing power (Figure 5.9). The
Spatial series are all higher than tBasicfishing power, which indicates that spatial taimget

has occurred in the NPF and that an incrementfsrcan be captured by tepatial definitions

of fishing power. The differences between $patial-seasorseries constitute weak evidence
that fishing power could be higher in season oae th season two. Fishing power is inherently
more difficult to assess in season 1 than in sedshre to the influence of variable abundance of
banana prawns as an alternative target, and aesmsalhple size (due to lower effort on tiger
prawns). The variability in thgpatial-season-onaeries suggests that some component of
abundance has been incorporated into fishing poMer.difference between fishing power in
the two seasons has important implications givahttie target tiger prawn species differ
between the two seasons.

Rel

2009,Basic T 2009,S1

_____ 2009,S2 2009, Spatial

Figure 5.9. Basic, Spatial (Spatial-Year), and Spial-season definitions of relative fishing powerS1 is season
1 (represented by May), S2 is season 2 (representeyl September).

We recommend the use of thgatial-year fishing power (2009, Spatial in Figure 3.9), cg th
spatial-season-twaseries (2009), but we consider that $hatial-season-onaeries is not
robust enough to be used in the stock assessments.
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Sensitivity of relative fishing power to alternative modelling decisions

Table 5.7 presents a summary of the results franséhies of computational experiments made
and, on the basis of these results, the conclusions

The fishing power models were found to be relayivebust in some respects. Some terms could
be dropped from both abundance and vessel commowdhtlittle impact on the outcome of
cumulative fishing power.

On the other hand, relative fishing power was smesio the degree to which the catch data was
aggregated, the geographical extent of the fispmognds on which the model was fitted, the
inclusion of hours fished per day, and the treatménnknown technology status. These
features of the 2004 fishing power models weramethwith no change.

Table 5.7. Sensitivity of relative fishing power tahe modelling decisions or alternatives (Y is yeaA is area,
M is month, V is vessel)

Topic Result Conclusion

1 | Catch records aggregated to month-gridSensitive | Prefer unaggregated
vs. daily, unaggregated

2 | Include or exclude hours: log(hours Sensitive | Include log(hours)
fished per day)

3 | Include or exclude lightly fished grids (xSensitive| Include all grids
3 days per month)

4 | The models were fitted by robust Sensitive| linear model with fixed effects
regression and general linear mixed

models (random Year, random Vessel
and random Year Vessel) in addition to
the usual linear model with fixed effects

5 | Alternative definitions of relative fishing Sensitive | Usespatial-year, or Spatial-

power were reviewed: season-2

5. Basic Sum of linear predictors Spatial-seasorresults
for vessel terms(V) with YAM suggested that fishing power |n
constant, M reflects Season 2 season 1 may be higher, but

6. Spatial-year. >VAM with Y spatial-season-1 result is too
constant; with survey variable to rely on for ongoing
denominator. use

7. As for #2 above, with commercial Denominator makes little
denominator _ difference in practice, but
constant, M reflects Season 1 preferred (details are in final

9. As for #4 above, and M reflects report).
Season 2

6 | Relative fishing power for reconstructed Seneiqiste reconstructed fleet
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fleet data compared to relative fishing
power for estimation dataset

7 | Treatment of unknown technology statu§ensitive| Prefer unknown category
present/absent/unknown category or
continuous variable ranging from 0 to 1
with unknown status represented by th
proportion expected in the unknown
fleet.

D

8 | Navigation accuracy schedule or Some Consider as alternative
“NAV3” hierarchy of navigation aids, | effect
plotters and plotter software, or all as
separate categorical variables.

9 | Include or omit local effort (nearest 6nmSmall Include
grids per week) effect
10| Skipper and company terms Small | Consider replacement with
effect alternative allowance
11| Spatial term: tiger prawn stock region (aRobust Use tiger stock sub_region to
in previous models) and sub region allow sensitivity to fluctuations
(based on banana prawn regions in productivity of adjacent

nursery grounds.

12 | bspline(day) vs month as categorical terRobust Spline(day) appears to be more
robust for years with short
seasons

13 | bspline(depth) vs quadratic depth Robust Use giaciiepth

14| Include or omit terms for moon phase | Robust Omit
and interactions

15 | Include or omit fine scale effort term Robust Omit
based on effort of 1996-2000, with
interactions

16 | Include or omit three way interaction | Robust Omit
terms

17 | Include or omit terms for habitat at fine| Robust Omit
spatial scale (Mud, Untrawlable ground)

Analysis of residuals: Variance components

Analysis of variation in the residuals (when thieefs were fitted as random terms) showed that
Year*VCODE was associated with the greatest amofirgsidual variance (15%)(Table 5.8).
This provides evidence that fishing power in theFN#higher than the series captured by the
models to date.

152



Table 5.8. Variance Component on residuals of thiategrated 2009 Low model

Source Varianc Variance as
e % of total

error
Var(YEAR) -0.0001 -0.09
Var(TSTOCKAREA) 0.0000 -0.02
Var(Month) 0.0000 -0.002
Var(VCODE) 0.0053 3.62
Var(YEAR*VCODE) 0.0225 15.27
Var(TSTOCKAREA*VC 0.0033 2.24
ODE)
Var(YEAR*TSTOCKAR  -0.0004 -0.25
EA)
Var(Error) 0.1470 100.0

5.4.5 Integrated model of fishing power

The 2009 integrated Low model (Figure 5.1) integgdhe features of the 2003 basic and spatial
models, and the results of all the above-mentioeekws and investigations. Mid-high model
was also proposed (a “middle series”). Figure Blépicts results from the 2009 integrated Low
and mid-high model compared to those from the tierased 2003 models.
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Figure 5.10. Cumulative relative fishing power fran 2009 integrated model (a revised low series offiing
power, and a mid-high option), compared to three s&s from 2003.

5.5 Discussion and conclusions

The 2009 model is more parsimonious than all of20@3 models, due to the navigational
accuracy treatment, and omission of terms for mbabhitat, fine scale effort history, skipper
and some technology terms. Omitting plotter sofensamd sonar was based on new evidence
obtained by analysing the extra years of data whathcontrast for these items. Having fewer
variables improves the efficiency of the fishingyes analyses.

The 2009 model accounts for changes in fleet sg@resented in Section 5.6 where a term for
local effort was introduced into the model.

Furthermore, the 2009 model is at a spatial anghoeah scale that allows slightly more

flexibility in modelling abundance fluctuations; gshould be better at detecting local declines,
compared to the 2003 models. The old spatial masdtsrce a highly stable abundance pattern
due to the larger spatial scale and the use doffoet 1996-2000 variable to model hotspots that
were assumed to be large, stable and consistenttmgears.

We recommend the 2009 integrated model as an atteerto the 2003 Basic Low model as a
representation of the lower bound of trends intinegafishing power in the NPF. The 2009
integrated model is based on evidence from theakafar as possible, and expert knowledge and
judgement, and is comparable to the 2003 low series
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When comparing the 2009 model to the 2003 modeds;amsider it important to review the
rationale for developing low and high series. TB82Ilow and high series of fishing power were
developed to provide an envelope within which tiie fishing power series is most likely to
occur. In the context of the low and high serie2@d3, the 2009 integrated model represents a
revised “Low” boundary to the values of relativehing power, which is supported by analysis
of the available data combined with some experiltedge and judgement. The 2009 model is a
higher series than the 2003 Low, and in that reaspearrows the envelope of possible fishing
powers an therefore decreases the uncertaintyedighing power inputs to the stock model.

Although there is evidence that fishing power cdechigher than that indicated by the 2009
integrated model, we were unable to identify aathjt robust model along the same lines as the
Basic High to represent the high (upper) limit oggible fishing power changes. Instead, a Mid-
high model was proposed (a “middle series”).

We wish to emphasise that choosing this “middleesemodel as a new, less-precautionary
“mid-high” means that there could be a potentisthiting power series higher than this, whereas
the 2003 Basic Low and 2003 High was seen as therland upper bounds of the uncertainty,
respectively. In other words, boundaries that otflee range of estimates taking into account the
various uncertainties. While the new 2009 integtat®del represents directly a lower bound on
the uncertainty (as was the 2003 Basic Low); waaldchave a corresponding model (and series)
to the 2003 High that we can propose on the bddiseanalyses presented herein. There is no
new 2009 High series for fishing power. We onlyéav‘middle series”, which while
precautionary to a degree, does not represent@r ljound. This needs to be acknowledged
and we request that the RAG deliberate over thdi¢gatppons of the change in the practice of
defining ranges of uncertainty that this represents

In summary,

a) We recommend the 2009 integrated model as an atieerto the 2003 Basic Low model
as a representation of the lower bound of trendslative fishing power in the NPF.

b) We were unable to identify a suitably robust malehg the same lines as the Basic
High to represent the high (upper) limit of possifishing power changes. A mid-high
model is available.
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APPENDIX 6. PARTITIONING THE
NPF BANANA PRAWN FISHERY INTO
EASTERN AND WESTERN REGIONS
FOR SEPARATE TAC ALLOCATION

William N. Venable$

! CSIRO Mathematics and Information Sciences, 23@dléi Street, Cleveland, QId, Australia

6.1 Introduction

The banana prawn catch in the NPF consists of talodical species, nameRenaeus
merguiensigcommon banana prawns) aRdindicus(red-legged banana prawns), which are
undifferentiated in the catch. Common banana psaava caught throughout the NPF, often in
aggregations close to the surface and in relatisieflow water. By contrast red-legged banana
prawns are confined to a number of discrete regmtise West of the NPF and are caught in
relatively deep water by trawl methods more renceig of tiger prawn trawling.

Ideally, to manage both biological species a separAC would be set for both. Since the catch
is undifferentiated, however, for practical purpotee best approximation to this situation is for
the banana prawn component of the NPF fishery foabitioned spatially into two regions and a
separate banana prawn TAC be set for each.

6.2 Criteria for the partition

Three evident criteria for a spatial partitionirfgloe TAC regions are, possibly in increasing
order of importance:

The interface between the two spatial regions ghbelclear and precise and as well separated
as possible from the normal operation of the figher

The interface should be simple to specify, makiogngliance simple for the industry and easy to
ensure by the management authority

The western partition should contain as much ofddelegged banana catch, and as little of the
common banana catch, as possible.

Figure 6.1 following shows the total nominal effpdttern for the NPF, 1970-2008, as recorded
in the logbooks, in boat-days. Two possible dividiines between an Eastern and Western
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region which satisfy the criterion of minimal inierence with the activity of the fleet are
immediately apparent, and conveniently these atie IHorth-south lines, and hence also satisfy
the second criterion of simple specification anddeeeasy compliance. These are:

* Aline in the Eastern part of the Joseph Bonapauk (JBG) extending north from
Pearce Point (14.4298, 129.356% ) along the same longitude to the northern exérem
of the fishery, and

« Aline extending from the Arnhem Land coast at 8762S, 134.0008E) north along the
same longitude to the northern extreme of the fishe

We will refer to these two possible partitioningds as thdBG andArnhemgreenlines
respectively.
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Figure 6.1: Total nominal effort levels for the 6noie grid squares of the NPF, 1970-2008. The dgveen lines
show possible separation lines for an Eastern aest®h banana prawn TAC area for the NPF.

A second view of the effort levels is given in Figu.2, which shows the total nominal effort
levels in the NPF, 1970-2008, grouped by longitud@.5 degree bins. This makes it clear that
if the NPF is to be partitioned into an Eastern Whabktern region by a line of longitude, than the
two possible lines we identify above interfere viitie with the operations of the fishery, and
may be nearly optimal in this sense.
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As lines of longitude are easy for both fleet tonpdy, and management authority to ensure
compliance, such a partitioning line would satigfg second criterion identified above as well.
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Figure 6.2: Effort levels in the NPF, 1970-2008)ged in bins of 0.5 degrees of longitude.

The third criterion, possibly the most importastthat the partition into two regions should
isolate the catch of the two banana prawn spesiesuzh as possible.
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Table 6.1: Percentage of the total banana pravaic&a®70-2008, by species, caught to the Westtloéiepossible
green line.

Green line JBG Arnhem
P. merguiensis 0.93| 15.99
P. indicus 64.74| 100.00

Some information on this is shown in Table 6.1 aboVhe JBG green line isolates a negligible
proportion of the common banana prawn catch tdlest but only about 65% of the red-legged
banana catch. The Arnhem green line isolatesritieeeed-legged banana prawn catch to the
West, but about 16% of the common banana prawi catbese critical percentages are also
illustrated by the cumulative proportion of catelrges shown in Figure 6.3 below.
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Figure 6.3: Cumulative catch proportions of bothdrza prawns, 1970-2009.

Since the TAC will be set annually, a further colesation is the variability of these catch
proportions to the West of each green line, by y€hese variabilities are illustrated in Figure
6.4, Figure 6.5 and Figure 6.6 below. The propartf the red-legged banana catch to the West
of the Arnhem green line is always 100%, so théghm is not show.
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Figure 6.4: Proportions ¢f. indicuscaught West of the JBG green line, by year. Tdvizhntal red line shows the
overall proportion, namely 0.647.
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Figure 6.5: Proportions d?. mergueinsicaught West of the JBG green line, by year. Taezhntal blue line
shows the overall proportion, namely 0.009.
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Figure 6.6: Proportions d&®. mergueinsig€aught West of the Arnhem green line, by yeare fbrizontal blue line
shows the overall proportion, namely 0.1599.

6.3 Discussion

The main conclusions of this document are as falow

= The nominal effort patterns in the NPF, 1970-20fw that natural breaks occur at two
lines of longitude, namely at 129.38&7and at 134.0008. If the NPF banana prawn
fishery is to be partitioned into a Western andeastern region for banana prawn TAC
purposes in a way that interferes as little asipteswith the commercial operations of
the fleet, either of these dividing lines coulddoasidered.

» The more Westerly dividing line, at 129.3867“The JBG green line”) contains a
negligible proportion of th®. merguiensigatch, but only about 65% of tke indicus
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catch, historically. This proportion can vary g@utidely, even in recent historical times.
It can go over 80% in some years and in 2008 dediitout 32% (Figure 6.4). This
relatively low proportion of th®. indicuscatch, with relatively high variability, seems to
argue against setting the JBG green line as th#ipaing line.

The more Easterly dividing line, at 134.08B0isolates 100% of the. indicuscatch to
the West, but also has, on average, about 16%edf.tmerguiensisatch. This
proportion also varies to some extent, going o6 3 some years, but is relatively
consistent (Figure 6.6).

The Arnhem green line would seem to provide thetrmpctical and effective dividing
line of the NPF banana prawn fishery. It will reguhowever, some developmental
work in order for the procedure to set the TAC athoregions to achieve the aim of
protecting both biological species.
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APPENDIX 7. INTEGRATING SIZE-
STRUCTURED ASSESSMENT AND BIO-
ECONOMIC MANAGEMENT ADVICE
IN AUSTRALIA’S NORTHERN PRAWN
FISHERY

André E. Purit?, Roy A. Dend, Catherine M. Dichmont Tom Kompa$§ William N. Venable3
Shijie Zhod, Sean PascdgeTrevor Huttorl, Rob Kenyon, Tonya van der Veldeand Marco
Kienzle®
! CSIRO Marine and Atmospheric Research, CastrajaBage, Hobart, Tas, Australia
2 School of Aquatic and Fisheries Sciences, Unitersdi Washington, Box 355020, Seattle WA 98195-5028A
% CSIRO Marine and Atmospheric Research, 233 Midieet, Cleveland, QId, Australia

4 Australian National University, Crawford SchoolBdonomics and Government, ANU, Canberra, Australia
5 CSIRO Mathematics and Information Sciences, 23@dM\i Street, Cleveland, Qld, Australia

7.1 Abstract

Three species in Australia’s Northern Prawn Fist{Pgneaus semisulcatu3. esculentuysand
Metapenaeus endeavopare assessed using a size-structured populatitantcs model which
operates on a weekly time-step. The parametetgoirulti-species population dynamics model,
which include annual recruitment, fishery and surselection patterns, parameters which define
the size-transition matrix, and recruitment pateare estimated using data on catches, catch-
rates, length-frequency data from surveys andighery, and tag release-recapture data. The
model allows for the technical interaction among tiiree species a result of bycatch when
targeting one or the other species. The resulis fhe multi-species stock assessment form part of
the basis for evaluating the time-series of cat¢hgspecies) and levels of fishing effort (by
fishing strategy) which maximize net present valtlge bio-economic model takes into account
costs which are proportional to catches, and tiadseh are proportional to fishing effort, as well

as fixed costs. The sensitivity of the resultsdamined by changing the assumptions regarding the
values for the economic parameters of the bio-etonmodel as well as those on which the
assessment are based. The results suggest thad) feffort needs to be reduced in the short-term
to achieve economic goals even though most staekssdimated to currently be above the stock
size corresponding to MSY. Short-term catches diadtdevels are sensitive to model
assumptions, in particular, trends in prices argisco

Keywords:Australia, bio-economic assessment, prawns, sieskssment, size-structure,
technological interactions
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7.2 Introduction

Fisheries for tropical prawn species are generdifracterised as being data-poor and are
typically managed using effort controls selectddhprily to maximize yield (Gillett, 2008). In
contrast, the fisheries management actions forralish’s Northern Prawn Fishery (NPF), a
multi-species, multi-stock prawn fishery in thegical region of northern Australia (Fig. 7.1),
are selected with the aim of achieving Maximum Eguoit Yield (MEY) for the fishery.

The NPF is one of Australia’s most valuable Fedgmalanaged commercial fisheries and
historically has regularly returned a profit (R@es& Kompas, 2004). In more recent years,
however, increased supply of aguaculture-farmedipsao both domestic and international
markets, the appreciation of the Australian dobad increasing fuel prices have meant that the
fishery has been less profitable. The fishery tigrgeveral species groups of prawns (banana,
tiger, endeavour, and king) as well as other sgemfiiegnvertebrates, including species known
locally as “bugs” Thenus indicuandThenus orientalls and various squid species, although the
bulk of the revenue from the fishery is obtainezhirharvesting common banana prawns
(Penaeus merguien3gjgrooved tiger prawn$?( semisulcatysand brown tiger prawn®(
esculentus The fishery has generally operated from ApriNlmvember with a mid-season
closure from roughly June to August (the exactsl&dethe length of the whole season and the
dates separating the first and second sub-seaspesd on the assessed status of spawning
stocks or in-season catch rates). After severalsimig and government funded buy-back
schemes, there are now 52 vessels and 19 opeiratbesfishery.

The management decisions for this fishery are ngdbe Board of the Australian Fisheries
Management Authority (AFMA) who are advised by arfdgement Advisory Committee

(MAC) and a Resource Assessment Group (RAG). Biefy is currently managed using
effort-controls, including limitations on seasondéh, number of vessels, and most recently total
gear length. Gear has been transferable amonglyaessee 2000, implying that fishers have
rights in the form of Individual Transferable Eff¢ITE) units. Before 2008, the objective of
management was to move the spawning stock sizesdfwto tiger prawn species to that at which
Maximum Sustainable Yield (MSY) is achieved on age. However, since 2008, the
management objective has been to manage the fishachieve MEY (Dichmoret al, 2008),
consistent with Australian government policy fodEeally-managed fisheries (DAFF, 2007).
The fishery is also currently transitioning to mgeaent based on Individual Transferable
Quotas (ITQs).
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Figure 7.1. N