SOUTH AUSTRALIAN DEPARTMENT OF FISHERIES
y o G.P.O. Box 1625, Adelaide, South Australia 5001

% 135 Pirie Street, Adelaide 5000.
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Your ref. 90/13 Enquiries:

Our ref.. DF 12/22, 19/78 Please Refer to . Sluczanowski

Telephone No.......08.226.0633

15 December 1992

Executive Director

Fisheries Research and Development Corporation
PO Box 9025

DEAKIN ACT 2600

Dear Sir

RE: FINAL REPORT - PROJECT 90/13

Please find attached the final report to the Fisheries Research and Development
Corporation of the FIRDC Project 90/13 titled "FISHERIES GRAPHICS SIMULATOR
FOR SHARK, TUNA AND GEMFISH".

(1) Objectives
The objectives of the project were:

To provide computer graphics, interactive models to industry members,
scientists and managers of the southern shark, southern bluefin tuna and
south east trawl fisheries.

To improve management of these fisheries by increasing understanding of
the implications of research results and of alternative management actions.

To develop decision support tools for fisheries managers which provide new
insights, improve communication betweeen scientists, industry and managers
and can be used for educational purposes.

Two versions were produced of a software package called SharkSim, which was
used in public and other meetings to communicate scientists’ best understanding of
Australia’s southern shark fishery to industry and others. It had a significant effect
in speeding up the process of education, understanding and consensus-building
between various stakeholders in the fishery. It remains a useful decision support
tool for analysing the fishery under certain assumptions.

Funds provided by FIRDC and other bodies were insufficient to attempt producing
models for tuna or gemfish.
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Funding and contributions

The SharkSim software package was created from

Commercially available software purchased for the project;
General purpose source code modules owned by Software Insight Pty. Ltd;
Software specifically written for this application.

Software Insight Pty. Ltd. (SI) is a South Australian software company that has
agreements with SADF relating to software development. In exchange for
providing services for product development at cost or below, it retains rights to use
software for non-fisheries applications.

During the past fourteen years, the South Australian Department of Fisheries has
supported a population dynamics modelling project, staffed by Philip Sluczanowski
and another mathematician. It has provided funding for salaries, operating funds,
capital and paid for eight software development consultancies. The department
developed two successful products using its own funding, YPR123 and PRAna.

Commonwealth Government funding‘bodies, FIRDC and FDTA, have helped fund
three software development projects as follows:

FIRDC FDTA
AbaSim 47.193
SharkSim1l 25,000 40,157
SharkSim2E 20,000 65,000
Total 92,193 + 105,157 - 197,350

The Research Organisation has a three year agreement with FRDC regarding
AbaSim whereby FRDC receives a royalty of 10% of sales revenue.

Draft agreements are being prepared to reconcile the interests of potential users and
the various parties involved in the development of the software to date. The
Research Organisation will write to the FRDC shortly with proposals.

An agreement similar to that for AbaSim, but involving also FDTA, is envisaged.

Impact

SharkSim was commissioned by the Australian Fisheries Service (AFS) as "an
agent for change" to convince industry and managers of the need for urgent and
significant change in management of the fishery. It achieved this through a series
of public meetings at fishing ports, followed by demonstrations and use by
managers, politicians and other interested parties. The most significant result of
these activities was the focussing of attention of stakeholders towards a common
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goal of understanding and interpreting complex scientific stock assessments. It
hastened the advent of a new era of collaboration between industry and scientists.

Perhaps the most lasting effect of SharkSim on people who have seen and used it
1s that their conceptual understanding of fisheries population dynamics has risen
significantly, leading to better decision making in future.

SharkSim won the 1991 Taronga Zoo Conservation Award and was highly
commended in the 1991 IBM Conservation Awards. Dr Philip Sluczanowski
presented the user interface technology at the 1991 American Fisheries Society
Conference, the 1991 UK Marine Conservation Society Conference and the First
World Fisheries Congress (WFC), where it was highly acclaimed. The final report
of the WFC theme on Assessment Methodologies and Fisheries Management
concluded that

"Interactive procedures for fishery management decision making need to be
used. Interactions among scientists, fishery managers, and clients can be
facilitated with the use of software interfaces to build consensus in decision
making . . from setting priorities for assessment research, to evaluating risks
of alternative management schemes and developing criteria for success."

The methodology of building interactive graphics interfaces to models is being
taken up by others. For example, James Scandol of James Cook University has
developed a formidable program called COTSim to simulate Crown of Thorns
Starfish on the Great Bamer Reef. The User Manual states that "It was inspired
by . .. SharkSim, from the South Australian Department of Fisheries."

Recommendations

It is recommended that the new Fisheries Research and Development Corporation
continue to support Fish Insight, the division of the Research Organisation
responsible for computer graphics models, in further development and
commercialisation of the technology. It can do so by:

Funding projects that utilise and further develop Fish Insight technology and
capabilities.

Referring to Fish Insight projects that FRDC believes would benefit from
application of the technology.

Supporting Fish Insight as a "Centre of Excellence" in this area by
encouraging potential "re-inventors of the wheel" in Australia to collaborate
with Fish Insight rather than to compete.
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I shall write to you soon regarding proposed arrangements for managing intellectual
property arising from the project.

I thank you for your support and assistance.

Yours sincerely,

L
2

)
e

(R.K. Lewis)
DIRECTOR OF FISHERIES
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6 SUMMARY

SharkSim is a computer-based interactive graphics model of Australia’s
southern shark fishery.

SharkSim 1 was commissioned by members of the Southern Shark Fishery
Structural Adjustment Task Force (SSFSATF) of the Australian Fisheries

Service (AFS) as "an agent for change" to convince industry and managers
of the need for urgent and significant change in management of the fishery.

Based on the best available data and population dynamics models, it
simulates the effects of fishing effort by various gears on population
structure, pups, catches and catch rates. The user can easily change
control variables or model parameters and immediately see the effects as
coloured dynamic graphics.

A working version of SharkSim 1 was completed in February 1991 and was
demonstrated at industry meetings in ports in South Australia, Victoria and
Tasmania. It was very effective in communicating scientists’ best
understanding of the fishery to date. Fishermen and their representatives
were initially taken aback by the stark message of overfishing communicated
by the model. The Minister of Primary Industries understood the rationale
for the advice being presented by managers and instituted tough measures
to contain fishing effort, at the same time as releasing funding to check the
accuracy of the models underlying this advice.

During the months that followed, understanding of the stock, population
dynamics and management issues grew substantially. Fishermen
questioned why the outcomes predicted by SharkSim failed during certain
years and also pointed out that their personal observations contradicted
some of the key features of the presented scientific models.

Whilst industry did not accept the model’s findings, it publicly praised the use
of computer graphics in

"providing an open mechanism for meaningful comment and criticism.
This work has put the scientist's cards on the table, and taken the
issues out of the ivory tower environment. This examples is one of
the very few efforts to reasonably address the communications gap."

The SharkSim exercise helped force stakeholders in the fishery to confront
stock assessment issues. Scientists were forced to take greater note of
what fishermen reported and industry appeciated more the difficulties of
stock assessment. A joint industry/scientist/management body called SIRLC
(Shark Industry Research Liaison Committee) was formed and has resulted
in new levels of cooperation and a coordinated approach to the management

C:\F\FRDC_SIM.REP
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problem by all parties. A number of these participants have stated their
belief that SharkSim was the catalyst that speeded the evolution of events,
thereby significantly contributing to the future benefits that will be gained
from the fishery.

Under the guidance of the Bureau of Rural Sciences (BRS), SharkSim 1 has
been consolidated into a more comprehensive software package (SharkSim
2E) that models the southern shark fishery based on the assumption of
homogeneous populations. The Australian Bureau of Agricultural and Rural
Economics (ABARE) provided economic models that have also been
included in the package.

Funding from the Fishing Industry Research and Development Trust Fund
($45,000) was used to supplement the primary funding for the project, which
was provided by the Fisheries Development Trust Account (FDTA) and the
developers (South Australian Department of Fisheries, Software Insight Pty.
Ltd.).

7 BACKGROUND - THE NEED

Scientists have often remarked that "fisheries management decisions
involving industry and managers often don'’t take account of what we know
about the fish stock." On the other hand, fishers often complain that
scientists don't take account of their extensive observations and knowledge
when they try to gain an understanding of stocks.

The problem is one of communication.

Scientific models and interpretations of data require complex analysis and a
grasp of difficult statistical concepts. Stock assessments traditionally feature
equations, tables and graphs that cannot be understood by non-specialists.

Recent advances in computer technology have opened the possibility of new
methods of communication.

The "computer graphics simulator" project arose out the belief of the
Principal Investigator that interactive graphics models of fisheries that
employed the latest techniques of visualisation and game design could be
used to communicate key issues in some of Australia’s major fisheries. In
particular, a lack of appreciation of the key population dynamics issues
appeared to be holding back progress in management of the southern shark,
southern bluefin tuna and gemfish fisheries.

C:AFNFRDC_SIM.REP



8 OBJECTIVES

The objectives of the project were:

To provide computer graphics, interactive models to industry
members, scientists and managers of the southern shark, southern
bluefin tuna and south east trawl fisheries.

To improve management of these fisheries by increasing
understanding of the implications of research results and of alternative

management actions.

To develop decision support tools for fisheries managers which
provide new insights, imporve communication betweeen scientists,
industry and managers and can be used for educational purposes.

9 METHODOLOGY

Data and preliminary modelling were provided by Dr. Terry Walker of the
Victorian Marine Science Laboratory. Dr. Jeremy Prince was engaged as
the modeller who calibrated the original mathematical model to the latest
data. He later engaged in intensive industry liaison to further check the
model’s accuracy.

Software Insight Pty. Ltd. carried out the systems design and programming
work. They also provided extensive database tools. The principal
investigator designed the architecture of the user interface and sketched the
representations that would appear on the computer screen. John Tonkin, a
computer artist, programmed the actual screens.

The project involved the coordination of a number of diverse skills and
capabilities within a formal project management framework for software
development.

Although the developers had successully completed the AbaSim software
package, SharkSim presented significantly greater technical challenges.
Since (to our knowledge) no-one had ever built a similar software package
before, the project had high technical risks. Most of the development of
SharkSim 1 occurred in an intense three month "hothouse" atmosphere
created by a deadline of scheduled industry meetings. Less than half the
design and programming effort were paid for.

The addition of economics modules to create SharkSim 2E resulted in even
greater technical problems. The commercial software tools being used for

C:A\FN\FRDC_SIM.REP
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development (DOS, Paradox, C++) could no longer handle the complexity of
the task and the developers had to collaborate with suppliers overseas to
enable the package to be completed. DOS had to be substantially
modeified. In the end, less than a quarter of the necessary design and
programming time was paid for. However the project was completed and
the software stands alone in comparison to similar existing products.

10 DETAILED RESULTS

The summary above describes the application of the model and its effects.
Press cuttings relating to SharkSim and its use are appended (A).

11 DISCUSSION

As described above, the project achieved the objectives of the project for the
southern shark fishery. Insufficient support for a computer graphics model
for southern bluefin tuna or gemfish prevented these models from being
attempted.

Feedback from participants at the 1st World Fisheries Congress in May 1992
indicated that a number of world leading fisheries scientists and managers
(Beverton, Pauly, McGlade, Saila, Garcia) believe the technology is
revolutionary and an important future direction in fisheries management.

The final report of the theme on Assessment Methodologies and Fisheries
Management concluded that

"Interactive procedures for fishery management decision making need
to be used. Interactions among scientists, fishery managers, and
clients can be facilitated with the use of software interfaces to build
consensus in decision making . . from setting priorities for assessment
research, to evaluating risks of alternative management schemes and
developing criteria for success."

The Australian Research Organisation that carried out the project now has
the capability to develop further such models more cheaply and with less
risk.

The project originally was aimed at improving communication between
scientists and non-specialists. However, as the new technology was
developed and used, new benefits became apparent.

Firstly, interactive graphics models can be used in the form of "managament
games" that gave the users new insights into the dynamics of fisheries

C:\FI\FRDC_SIM.REP
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systems they have to manage. Just as the designer of an aeroplane
understands the equations and dynamics of an aeroplane, he (she) still does
not necessarily know how to fly. A flight simulator offers such a person new
insights. They gain a "feel" for the dynamics, which represent insight and
understanding well beyond what most people can gain from studying
equations, tables of figures or static graphs.

Perhaps more importantly, interactive graphics models of fisheries provide
access to models by non-specialists. The developers believe that in time,
easy-to-use interfaces will enable fishers themselves, if they wish to, to enter
data, analyse it and plan fishing management strategies in conjunction with
other stakeholders. In the meantime, SharkSim and similar models, will play
an important role educating people about fisheries management and about
the need for good modelling.

12 IMPLICATIONS & RECOMMENDATIONS

"How do we enlighten and move decision-makers " and "make it possible for
them to take tough decisions ?". This project has been based on the
premise that the best way to achieve this is to make the understood
consequences of alternative decisions so obvious to everyone that
managers will make rational decisions.

SharkSim’s greatest benefit was that it speeded up the processes of
educating industry and managers about what scientists understood and of
bringing stakeholders together constructively. A two year delay in taking
tough action in the southern shark fishery could delay its recovery by 15
years'. Therefore the use of a computer graphics tool that "speeds up the
process" of consensus-building could easily be valued at over $100 million.

The main thrust of this project has been to invent and develop a new
technology (interactive graphics) for making models accessible to non-
specialists. When judging its effectiveness, it is important to separate in
one's mind the population dynamics models that underlie SharkSim from the
graphic user interface.

The developers believe that SharkSim demonstrates a communications
technology that will become increasingly important in the future. This view is
reinforced by the reception the software received overseas and by the
general reaction of the Australian fishing industry, many of whom have
asked for similar interfaces for models used in their fisheries (e.g. SA rock
lobster).

' This can be easily simulated using SharkSim.

C:\F\FRDC_SIM.REP
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However such software is not cheap to produce and because it is new, not
all stakeholders are convinced that its production is cost justified. For
example, some scientists argue that gaining improved knowledge about fish
stocks is more important than spending scarce funds on extending to others
what the scientists already understand. Some believe that communication of
results should be marginal to the costs of research.

Whilst many scientists originally regarded interactive graphics models with
scepticism (e.g. "pretty pictures and games"), their value is being
increasingly recognised. The rate at which the technology will be adopted
depends on its costs, perceived benefits and, to some extent, on the
factional interests of stakeholders in the fisheries management process.

The developers plan to strengthen their capabilities in delivering user
interfaces to data and models in fisheries and other areas, stressing quality
and value for money.

The Fishing Industry Research and Development Council provided some
funding in support of the new technology. It is recommended that the new
Fisheries Research and Development Corporation continue to support the
Research Organisation (Fish Insight) in its further development and
commercialisation. It can do so by:

Funding projects that utilise and further develop Fish Insight
technology and capabilities.

Referring to Fish Insight projects that FRDC believes would
benefit from application of the technology.

Support Fish Insight as a "Centre of Excellence" in this area by
not encouraging Australian potential "re-inventors of the wheel"
to collaborate with Fish Insight rather than compete.

13 INTELLECTUAL PROPERTY

The intellectual property arising from the project is source computer software
used to programme the underlying simulation models and the user interface
and the resulting software packages.

Draft agreements are being prepared to reconcile the interests of potential
users and the various parties involved in the development of the software to
date. The Research Organisation will write to the FRDC shortly with
proposals.

C:\FN\FRDC_SIM.REP



14 TECHNICAL SUMMARY

A copy of the SharkSim 1 User manual is appended (B). The software can
be viewed at user sites as agreed with the sponsors of the development
under FDTA funding (AFMA, BRS, ABARE, CSIRO + various state
departments).

A working version of SharkSim 2E has been delivered to BRS for testing. A
specification of the underlying population dynamics models is appended (C).
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APPENDICES
A Press cuttings about SharkSim
B SharkSim 1 User Manual

C SharkSim 2E population dynamics models
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A Press cuttings about SharkSim
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New Scientist 15 JUne 1991

2 Fishing for sympathy with compﬁter simulations

N THE battle to convince

politicians of the need to
protect sharks, researchers are
turning to computer simula-
tions. Philip Sluczanowski of
the South Australian Depart-
ment of Fisheries heads a
group of biologists, computer
experts and graphic artists who
have developed a mathematical
model known as SharkSim.

SharkSim is an interactive
computer model of the south-
ern Australian fishery for
gummy shark and school
shark. It simulates the effects
of fishing on sharks and
presents the results in full-
colour graphics. The user can
easily change variables—such
as how many boats, fisher-
men and net$ are involved,
for how long, and the type
of gear used—to see immedi-
ately the impact on the population struc-
ture. pups. catches and catch rates.

Early this year fisheries scientists began

They have visited

probabili[y of being killed by a shark is infinitesimal compared
with the chances of drowning or dying from a bee sting.

So why the bad image? Films such as Jaws undoubtedly
have a lot to answer for. But there is another reason: until
recently. even biologists knew surprisingly little about most
species. and knowledge is still “fragmentary”, says Stevens.

Animals vwe love 1o hare

Shark hife histones are a particular mystery. There are vast
vaps in our understanding of the (imelopmu]l and lcpl()dm-
nve cycles of most species.

Much of the information that 1s available about shark
brology and behaviour has come trom fish caught in beach
nets. To o remove sharks from arcas near public beaches.
countries such as Austrahia and South Atrica maimtam exien-
sive netting procrammes. But rescarchers can glean only
sparse hiolowical mformzaon from these programmes. as the

- e 3 — = "
Persuasive model: Sluczanowski predicting the effects of fishing on
shark populations

using the model as an educational tool.

makers and fishermen, using SharkSim

shark conservarionisis see educaring the public

to explain why they believe
that drastic action is neces-
sary to prevent the collapse
8 of the local shark popu-
lation. Previous attempts to
convince key participants of
the need for change have
had  little success, but
2 SharkSim has already had
po<1uve results. In March,
Australia’s  Commonwealth
minister responsible for fish-
eries, John Kerin, announced
an immediate reduction in
shark fishing as an important
step towards a long-term
management regime.
SharkSim has been suc-
cessful  because it gives
nonscientists “insights not
numbers”, says Sluczanowski.
“People see, feel and ex-
‘perience the evolution of the
fishery in time. It moves
on the screen,” he says. It is also fun
and simple to use. “I'm using my eight-
year-old as a test.” C

han Depl of Fisher

Philip Sluczanowski/South Auslra

politicians, policy

relatively few fish that are caught are often not repre-
sentative of the population at large. And ocean-going studies
are nherently difficult.

John Paxton. a shark researcher at the Australian Museum
in Sydney. sums up the problem: “We can’t get down there
[into the ocean] and be with them all the ume. You can't

put a tag on ndividuals and follow
them through lite.”™ Similarly, obtaining
representative samples of sharks for

study in the laboratory can be laborious.
and therefore expensive.

To halt the decline in shark populations.
researchers are calling for controlled
fisheries. protected nursery areas for
young sharks. shark reserves and an
international ban on finning. They also
want more research to enable experts to
develop detailed conservation and man-
agement strategies. But the researchers
stress that they cannot act alone: they
need tinancial. legal and political help. as
well ax cooperation {from the public.
Otherwise. they fear. future conservanon
programmes-—perhaps even the forth-
coming US controls-——will fail as badly
as Austrahia’s attempt to o protect  the
arev nurse shark.

Meanwhile. Australians and  South
Africans continue 1o demand extensive
beach netting ot sharks. Australians net
between 1000 and 1500 sharks each veur
and. according 1o Geremy Chit. a biologist
on the Natal Shark Board. South Atricans net an average ol
1400 sharks annually. Convincing people of the need 1o curb
such activinies may prove a tall order for shark rescarchers.
some of whom worry that even 1 the public’s attitude does
shift. the change may prove too hittle. too Tate. Robert Heuter
summed up therr concern at the Sydney mecting. He showed a
shide of an American roadside bilthoard. The sien was intended
clubo but the \cn[nnvnl wis applauded by the
SIENIN luck. sharks!”
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Scientific responsibility

in communication

FROM: Peter Peterson
Execulive Director
South Australian Fishing Industry
Council Inforporated
Unit 7770 Walkerville Tce
Walkerville SA 5081
SIR:
I read with some interest the dialogue between
Dr Kesteven and DOr Penn

The sarcasm evidenl in both letters belies
the professionalism of both parties. There is
no doubt in my mind that Or Penn should have
addressed the purported errors of fact and not
atlacked the messenger. Further, | find it
surprising that Dr Kesteven should be replying
in a similar vein.

Recent events in the southern shark
fishery have highlighted the need for scientists
lo be both open and accurate in terms of their
scientific work. Industry involvement in all
facets of fisheries is something to be sought,
and has not occurred in a reasonable manner
until very recent times. Or Sluzenauski, in
establishing his shark model, had a primary
goal of facilitating effective communication
with industry. Such an approach s to be
commended.

Even if industry does nol accept the
model's findings it provides an open
mechanism for meaningful comment and
criticism. This work has put the scienlist's
cards for the shark fishery on the table. and
taken the issues out of the ivory lower
environment. This example is one ol very lew

efforts by fisheries scientists to reasonably
address the communication gap.

The point scientists must note is that
fishermen do read “Professional Fisherman”
and like publications, but rarely read the
excellent but non communication orientated
academic journal. Fisheries scientists do
determine many people’s livelihoods and in my
view are duty bound to expose their work in an
understandable format, in an accessible form,
as often as possible.

ﬁ:g%ﬂm VOLUME 13 NO.6
APRIL 1991

The Voice of the Australasian Rishérg rdhstry
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How useful is the SharkSim model?

Russell Reichelt, chairman of the
Southern Shark Research Group
and director of the Fisheries
Resources Branch of the Bureau of
Rural Resources, gives his assess-
ment of SharkSim.

Scientists published their first warning
about the risks of over-exploitation in the
southern shark fishery in 1959. QOur cur-
rent advice is that a cut in current catch
levels of between 70 and 80 per cent is
required to halt the decline of the school
and gummy shark stocks.

The difficulty in communicating this
message to fishermen lies in the peren-
nial problem that fishermen can still take
substantial catches at what they view as
‘reasonable’ (that is, economically viable)
catch rates from what scientists have
assessed to be a very depleted population.

A similar situation existed in gemfish
and southern bluefin tuna. In the case of
gemfish, also a schooling species, scien-
tists have been shown to be very optimis-
tic in their assessments in the past.

To the individual fisherman, the fishery
appears to be in a long-term stable state
or, at worst, only slowly declining. To the
scientist, taking a view spanning more
than 60 years and incorporating the
biology of the species, the high catches
since the 1960s (a period representing
only half the natural life span of a school
shark) coupled with the fact that they
have been taken with steadily rising
effort, signal a stock that is headed for
collapse.

In spite of these differing views, there
appears to be broad agreement among
all parties that the stock is in decline and
that strong management action is
needed. The disagreement seems to lie

mainly 1in the degree of catch restriction
and in the speed with which this action is
taken.

We know the SharkSim model is not
perfect — no model ever will be — but it
IS our best avallable representation of the
fishery. It incorporates most of our pre-
sent knowledge of the stocks and has
been useful in illustrating some of the
long-term aspects of the fishery to
fishermen and managers alike.

One of the aims in developing the
model was to help scientists explain the
implications of their findings to others. |
think we are all agreed that communi-
cation between scientists, managers and
industry has long stood 1n need of
improvement. To this extent, the model
has been successful. Undoubtedly it has
been instrumental in prompting radical
management action in the restructuring of
the southern shark fishery.

Although SharkSim is a mathematical
model, it does incorporate a large amount
of biological information about school and
gummy shark. Because it is non-spatial it
cannot illustrate very well the regional
variation in the fishery. For example, the
South Australian fishery has expanded to
the west and recent catches from this
sector are not simulated well because the
model uses catch data from the stock
further east.

These regional effects are being
looked at now to assess whether allow-
ance for them will significantly change the
results from the model. Scientists are also
acutely aware of the need to discuss
fishermen's observations to a much
greater extent, and to incorporate these
into the assessment process where
possible.

In spite of these weaknesses,
Sharksim has enhanced our understand-
ing of the present state of the fishery
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| and, used cautiously in conjunction with

other fishery models, allows us to make

useful predictions about the likely future

of the stock under different levels of fish-
ing pressure

Considerable attention has been
focused on SharkSim, but often 1n a
selective way. For example, one of the
results publicised from the February 1991
assessment was that the stock biomass
may be as low as 9000 tonnes. In the
same report we said this estimate could
be wrong by a factor of two, that is, there
may be 18 000 to 20 000 tonnes standing
stock. This qualifier tends to be ignored
by SharkSim critics, or worse, 1t 1s taken
to mean that the yield estimate we have
given (500 to 800 tonnes) may be in error
by the same margin. That doesn't follow
Even if the standing stock level i1s higher
than we have so far judged, the yield
estimate may not be significantly higher.

This misunderstanding highlights the
need for us to communicate the areas of
uncertainty in our assessment more
effectively.

Scientists have acknowledged the
assumptions inherent in SharkSim and we
are continuing to rigorously test the
model. Work 1s also continuing on other
models of the shark populations. During
the three months in which we will be
refining our preliminary assessment of the
fishery, we will be addressing both
fishermen’s and scientists’ concerns
about SharkSim in order to provide a
firmer basis for management actions.

‘We know the SharkSim
model is not perfect —

no model ever will be — but
it is our best available
representation of the

fishery.’ b
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SHARK IN CRISIS

Gillnet operators in the southern shark fishery have
recently been hit by drastic gear restrictions. Hook
fishermen are also feeling the pinch as the
Government attempts to reduce annual catch from
over 3500 tonnes to around 650 tonnes.

‘Australian Fisheries’ invited industry leaders to
let off steam. and their opinions are featured in
‘Talkback’ (page 13). But first we present the
backgroundto these recent management developments.
S R E R e e O T N L A R T e S A A A et e |

Since the early 1980s scientists have
advised that an annual catch level of
2700 tonnes is an appropriate target
level if the southern shark fishery is to
be commercially viable in the long-term.
That figure has been exceeded every
year since 1982, in spite of the man-
agement plan introduced in 1988 which
was specifically aimed at reducing the
level of catch from around 3500 tonnes
to meet the target.

In February this year, after a concen-
trated program of research, scientists
advised that their earlier estimate was
optimistic and that catch levels must be
reduced substantially and immediately if
the decline of the fishery was to be
brought to a halt.

Scientists now consider that the
biomass of both the school and gummy
shark stocks — which are the main
species of the fishery — have been
reduced to less than 30 per cent of their
original levels. Moreover, the age struc-
tures of the current stocks show a worry-
ing imbalance. The older part of each
stock has been virtually removed, which
will have a drastic effect on recruitment,
as the fecundity of these species
increases with age.

Allied with the recent increase in
research activity in the fishery has been
the development of a computer-based
model of the fishery called ‘SharkSim’.
SharkSim is an interactive graphics
software tool which can be used to deter-
mine and illustrate how school and
gummy shark populations and yields vary
with quantity and type of fishing effort.

The computer graphics program of the
model is based on two highly successful
models developed by the South Aus-
tralian Department of Fisheries —
‘AbaSim’, which simulates part of the
Tasmanian abalone fishery, and ‘PRANna’
(Per Recruit Analysis), a software pack-
age which scientists can use for analys-
ing how changes in age at first capture
and fishing effort affect eggs, catch and
catch rate per recruit. The shark popu-
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lation dynamics program is derived from
the work of scientists Terry Walker and
Mick Olsen, representing 40 years of
research experience.

SharkSim encompasses data on the
fishery recorded since 1927. It takes
account of all available information on
equipment selectivity, the biology of the
two species and catch histories, including
anecdotal evidence from fishermen. It has
been critically tested for internal consist-
ency and has also been assessed by
independent scientists using alternate
models.

This assessment is continuing as
scientists attempt to refine the fishery
models and test whether biases in the
catch and effort data will influence the
conclusions drawn from the model.

The SharkSim model has been used
to predict a number of options for the
level and timing of future catch
reductions in the southern shark fishery
to meet the latest target levels advised
by scientists.

The outcomes of this model, coupled
with scientific advice that catches of
school and gummy sharks should be
reduced to less than 1000 tonnes, were
put before the Southern Shark Fishery
Restructuring Task Force, which
encompasses Government and industry
representatives from all southern States,
in February. Meetings were also held with
fishermen in Melbourne, Adelaide, Hobart,
Port Lincoln, San Remo and Lakes
Entrance to allow them to view
SharkSim's predictions and discuss man-
agement options. These followed on from
the intense round of Government/industry
consultations which took place in 1990,
including a series of port meetings last
August.

The initial response of the Task Force
to the scientific advice and outcomes of
the model was to recommend a closure
of the fishery for a three-month period
while longer term management options
were developed.

This response took into account the

preliminary nature of the scientific assess-
ment as well as the known uncertainties
of the SharkSim model. It was considered
that these uncertainties, even if resolved,
were not significant enough to warrant a
major change because of scientists’ advice.

Alternative measures to total closure
were proposed by Task Force members
to accommodate a number of practical
concerns:

O Mr Rob Lewis, Director of the South
Australian Department of Fisheries,
proposed an annual TAC of 500 tonnes
to be taken by a limited number of
fishermen to provide an ongoing
source of data to assist further scien-
tific research.

O Mr Dale Bryan, Executive Officer of the
Tasmanian Fishing Industry Council,
proposed an initial ban on gillnets with
the qualification that some net fishing
for gummy sharks could be permitted
in the future if circumstances warranted.

U Industry representatives from South
Australia (Mr Peter Peterson) and Vic-
toria (Mrs Melita Proebstl) questioned
the validity of the model, but acknowl-
edged that if the scientific advice was
correct, drastic action was required.
Their final position was to support a 36
per cent reduction in nets to be used
pending confirmation of the state of
the stocks.

The Task Force recommended to the
then Minister of Primary Industries and
Energy, Mr John Kerin, a 50 per cent cut
in all gilinet holdings.

Interim management

Taking into account the wide range of
views from various sectors of the fishery,
and bearing in mind that any measures
would be temporary, the Minister en-
dorsed the introduction of interim
arrangements which have resulted in a
reduction of around 33 per cent in gillnets
and controls on shark catches by hook
and trawl fishermen (see April issue of
Australian Fisheries for details). These net
reductions, effective from 15 April, are to
be reviewed when the preliminary scien-
tific advice has been refined after a three-
month period of additional research.
Results could be available by August
1991.

The Task Force i1s currently deliberat-
ing several options for adjustment in the
fishery, which is now considered a matter
of urgency

For further information about the southern
shark fishery contact Mr Campbell
McGregor, AFS manager, Shark, Scallop
and South East Trawl Fisheries, telephone
(06) 272 5184.



SGUTH AUSTRALIAN DEPT. OF
FISHERIES WINS INTERNATIONAL
SHARK CONSERVATION AWARD

By BECCA SAUNDERS

Scienusts from the South Australian Depantment of
Fishenes won the inaugural $2000 Conservation Prize
awarded at the Taronga Zoo’s Sharks Down Under
Conference.

SCIENTISTS from the South Australian Department
of Fisheries have been awarded the inaugural Taronga
Zoo Conservation Award for a computer software
package set to revolutionise the way in which scientific
advice 1nfluences management decisions about fish

resources.

The local team, headed by
Dr Philip Sluczanowski was
contracted by the Austrahian
Fisheries Service 1o develop
the software in order 10 visu-
ally communicate scientific
understanding of the south-
ern shark fishery 1o manag-
crs and 10 the pubhc.

The computer model sim-
ulates the effects of fishing
on Austraha’s southern
shark populations from in-
fants 10 fully mature adults
and calculates the resulting
catches and catch rates. [t

then uses coloured graphics
displays to illustrate the evo-
lution of the fishery and how
its future 1s likely 10 be af-
fected by alternative man-
agement strategies.

Prior 10 attending the con-
ference. the developers of
the package visited fishing
ports where they used the
model 1o explain 1o fishers
why thev believe that drastic
action 1s necessary to halt
the decline in the fishery and
then how to rehabilitate 1t
under alternative manage-
ment arrangements.

Computer graphics mod-
¢ls allow fisheries scientists
10 make plain their advice.
They believe that by making
scienuific interpretations
much easier 1o understand,
this new technology will play
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anaamporiant role in the tu
ture. ensuring that harvests
arc kepl 10 sustainable
lcvels

Adelaide based company
Software Insight Pty Ltid
provided the computer sys-
tems development services
for the project. which was
funded by the south Austra-
ltan Dcpartment of Fisher-
ics. the Fishing Industry
Rescarch and Development
Trust Fund and the Fisher-
ics Development Trust
Account

Director of Fisheries. Rob
Lewis, said that the model
used a combinauon of over
forty year's of research into
the shark fishery by Austra-
lian scienusts including Mr
A.M. Olsen and Mr Terry
Walker from the Marine Sci-
ence Laboratory at Queens-
chifl in Victona

The aim of the Conserva-
uon Prize was 1o recognise
the paper presented at the
Taronga Zoo's Sharks Down
Under conference which
made the most valuable con-
tribution 10 elasmobranch
conservauon Chosen from
64 possible presentations
made by scienusts from all
over the world. this Austra-
han paper was considered
the hest



RAIL LINK PLAN FOR AIRPORT

THE NSw government has called
for expressions of interest from
the private sector to develop a
rail link from Sydney city to
the airport. At present airport
users travel by road, by car, taxi
or express government bus
service.

The expressions of interest
are to canvass all options for a
rail link from Central railway
station to the airport, including
expansion of an existing goods
line on whichcontainers are car-
ried to Port Botany. The cost of
the new link could be in the
vicinity of $200m.

The NSW Minister for
Transport, Bruce Baird, says a
recent environmental impact
statement that favoured con-
struction of a third runway at
Sydney airport, forecast that the

number of passengers using the
airport would rise from the pre-
sent 14m a year to about 24m in
10 years.

An increase of this size
would worsen the already bad
road congestion between the
city and the airport. Travelling
times have been lengthening in
recent years,butarail link could
cut the ime to 15 minutes.

A private consortium com-
prising Qantas, CRI Ltd and
Westpac, has recently prepared
its own proposals for a rail link
between the city and the airport.
Bruce Baird says this proposal
is exciting, but government
policy requires expressions of
interest to be called. The time
for lodging expressions of inter-
est close early in November.

NEW TAXATION OFFICES

NEW OFFICES are to be built
for the Australian Taxation Of-
fice (ATO) in Bankstown, in
Sydney, and Chermside, in
Brisbane, as part of ATO’s pro-
gram of modemisation and de-
centralisation.

The Bankstown office will
have 650 Taxation staff, and
there will be up to 700 in the
Chermside office.

Two NSW government de-
partments, Local Government

and the State Pollution Control
Commission, are relocating to
Bankstown. ’
Both the new ATO offices
will be of six levels. The Bank-
stown building will be con-
structed by Meredith Projects
and leased back to the Com-
monwealth. It is expected to be
finished in May 1992. The
Chermside project will be built
by Silverton Ltd, and work is
due to start in February 1991.

COMPUTER GRAPHICS IN THE

SHARK INDUSTRY

A COMPUTER-BASED model is
to be developed of the southern
shark fishery using interactive
graphics.

The project is being under-
taken by the South Australian
Department of Fisheries in col-
laboration with the Victorian
Departments of Conservation
and Environment, and a firm of
consultants.

The Commonwealth is put-
ting in $40,000 and the Fishing
Industry Research and
Development Council another
$25,000 towards the cost.

The Minister for Primary In-
dustries and Energy, John
Kerin, announcing the grants,
says using computer interactive
graphics will being a new level
of sophistication to fisheries re-

search, management and com-
munication with industry.

It will enable improved
management decisions through
easier analysis of known fish-
ery dynamics, assumptions, al-
ternative strategies, risks and
benefits.

Using the model, it will be
possible to identify combina-
tions of fishing effort, catch and
size limits that produce sustain-
able stocks, in contrast to those
that lead to stock extinction.
John Kerin believesthe value of
the technique will be accepted
quickly here, and will be ap-
plied in other fisheries in
Australia and overseas.

The project is to be finished
by February 1991.
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How can government business
enterprises stay efficient
without the capital market
pressure which keeps the

private sector on its toes?

The answer lies in results-based
financial monitoring,
employing corporate plans and

financial targets.

That's what you'll find if you
delve into the very latest
financial guide from the
Australian Government

Publishing Service:

Financial Monitoring of
Government Business
Enterprises:

An Economic Framework

It's essential reading for
government business
enterprises, government
departments, academics and

private-sector consulting firms.

Cat. No.90 14156 $19.95

To order

Phone your credit card details to the
AGPS Phone Shop (008) 02 0049
on line 24 hours, 7 days a

week. Canberra customers call

295 4861.

Mail Order Sales, Australian
Government Publishing Service,
GPO Box 84 Canberra ACT 2601
Also available from Commonwealth
Government Bookshops in all
capital cities
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NON DECISION MAKING

The catastrophic situation that
purportedly faces the shark
fishing industry in Australia is
largely the result of indecision
and poor communication.

Clearly, effort has increased more
than significantly in that fishery.
Warnings commenced with Mr
Olsen as early as the 1950s and
warnings have been continued
bv scientists since that time.
However, all such advice has
been accompanied with
qualifications that the scientific
community might be wrong.
Such qualifications gives the
fisheries manager an excuse not
to address the problem directly, if
at all.

Accordingly, scientific evidence
must be accompanied by
strength of commitment and
clarity of argument. The
argument must be clearly
unambiguous and provide a
clear lavman'’s explanation of
work being undertaken.
Othenise, the strongest argu-
ment will fail for lack of support.

As a person who has been
involved in the scientific
community it is clear to me that
many scientists have a
passionate fear of being seen to
be wrong. There is reflection of
an ivory tower mentality, in that
often views are qualified or
withheld tor fear of peer group
Cntiaasm or even ostracism.

Such consideration inhibits open
discussion and the clear
statement of objectives and
proceedings in an intelligible

manner. Consequently,
commitment to analytical results

is qualified by the expectations of
the academic community

Most fisheries are tully exploited
or over exploited, for instance,
the shark tishery, the gemtish
hshery, vanous manne scale
fisheries, scallop, etc.; and the
maintenance of resource i such
a state requires a ready response
maode facilitated by direct
communication with both
industry and management

In the shark fishery we have had
40 years of worrying. What do
we have now extreme
overcapitalisation, an apparently
worsening problem, government
inaction and,worst of all, no
industry confidence. Moderate
decision making even 10 years
ago would have saved industry
from the extreme management
decisions that are now being
suggested as necessary.

COMMUNICATION
ENHANCEMENT

The two leading examples of
effective industry and
government commitment are the
Western Australian Rock Lobster
Roadshow and the Annual
Queensland prawm workshop.
Both these approaches facilitate
direct industry input into
decision making and expedite
the explanation of technical
approaches to fishermen.

South Australia has had two
outstanding examples of
effective communication by
saentists which have engen-
dered industry confidence that
scientists can comumunicate i an
open and meaningful manner.

The Sharksim model developed
by Dr P Sluczanowski and Dr |
Prince has proved to be
invaluable

Industrv perceives this model as
being ‘user friendly” and
facilitates a laving the cards on
the table” approach. This recent
development is applauded by
industryv as the most complete
comumunication devised as vet.
This is not to suggest that the
maodel is endorsed, rather that it
has tacilitated criticism and input
bv industrv. That is, the problem
is now being addressed in a
manner that is meaningful to all

satish MACGAZINE

concerned. The problems, in this
case, are the gravity of the
situation in the Southerm Shark
Fishery which re~uires
immediate decision making, and
that the opportunity tor industry
input is still perceved to be
insufficient.

The other outstanding example
of effective communication has
occurred through the biologists
servicing the Spencer Gult
prawn fisherv — reportedly one
of the best managed fishenes in
Australia.

In this fishery the commitment of

Lan ongoing interface of research

and industry has allowed the
recognition by all parties that the
annual catch depends on the
levels of recruitment, growth,
and mortality in specific areas of
the gulf. The profitability
generated by the fishery is
largely influenced by the level of
recruitment, biovalue, and costs
associated with harvesting
through confidence in
consultation and scientific
advice. The biological advisers
have been forthright in their
advice and have recognised that
one of the most important
components inthe management
of a fishery is the industry itself.
Mutual cooperation between
fishermen, biologists, and
managers is of paramount
importance. The fishermen
provide valuable data and have
the potential to take an active role
in both research and
management. This has been
exemplified by the Spencer Gulf
prawn fishermen who over the
last eight years have provided
vessels and funds for research, as
wellas plaving an active role in
the conduct of research
management, and allowing a

- detailed management program
¢ strategy to be established

. Such a detailed and eftective

program is not possible without
detatled and ettective
conmumunication.

Regrettably this open commu-

nication has been tacilitated by
the work of individuals and

. cannot be considered a general

perspective of the scientific

- community. Non directional

research has and will continue to
be condemned by industrv.
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Ll K £ other Australian primary industries,

Austrahia’s fishing industry is in crisis.

But where wool and wheat are in dire straits
hecause of stumps in their markets, Australia’s
fisheries are Nighting a losing batte with the
cnvironment.

Some of Australia’s biggest fisheries, like
many others around the world, are close o
extinction.

Although the issue does not raise the hackles
of the green movement like forestry or mining,
the environmental implications of the Govern-
ment’s fisheries management are just as
far-reaching.

Once uguin, the Minister for Primary
fadustries. john Kerin, has found himself
strugphing 1o strike @ balunce between develop-
ment and sustainabiity.

This time. he is leaning very much towards
the advice of scientists who have urged severe
reductions in the catch from most Australian
fisheries. The latest 1o come under his scrutiny
s the southern shark fishery, which extends
from castern Victoria to the western boundary
of South Australia, including waters off
Tasmuania.

Mr Kerin wants to reduce the annual catch
by more than three quarters.

In one respect, this battle is easier than some
of the others he has fought: the fishing industry
is made up of a large number of boat-owners,
most with just one boat, some with two or three.
Individually, they lack political clout: strong
individualists, they are not strong members of
industry groups.

Although not contesting the general argu-
ments made by the scientists, the industry
strongly contests the detailed predictions,
which they say have not been adequately
researched.

One grim forecast is that if the southern
shark fishery were shut down today, it would
take 15 years to return to a sustainable level.

Faced with such figures, Mr Kerin's
department undertook a review of fisheries
policy, contained in a paper released in
December 1989, New Directions for Com-
monwealth: Fisheries Management in the 1990s.

In i, Mr Kerin painted a stark picture:
“World-wide experience has shown that
unregulated fisheries generally suffer from
over-capitalisation and falling productivity
and, with increasing frequency, face the threat
of biological collapse.”

His announcement in March of severe
restrictions on shark fishing is the latest
decision {lowing from this new approach.

Fishermen are furious at the move, which
they say is bused on inconclusive scientific
evidence and will devastate the industry.

For Mr Kerin, however, it is the kind of
desperate mcasure needed in an industry he
believes will otherwise face extinction.

Itis an example of the need for principles of
ecologically sustainable development — and
also of the problems ‘in applying them.

In the southern shark fishery, the annual
calch needs to fall to between 500 and 800
tonnes, down from its recent annual level of
3,500 tonnes, Mr Kerin says.

His first step is much more modest — a
reduction of ulmost a third in the number of
nets fishermen are allowed to use.

Even this would be a severe cutl in any
industry, and the fishermen insist it will be
enough to bring the shark catch down to
sustainable levels.

Mr Kerin's advisers disagree. He has tried to
mect some industry concerns by looking
further at the scientific evidence on the fishery,
but officials claim the 30 per cent cut is not
Jikely 1o reduce the catch at all, as fishermen
will ‘simply increase their fishing cffort 1o
muintain their incomes.

There is little doubt Mr Kerin will introduce
much harsher measures by the end of the year.

The fish shops of Melbourne, which use the
bulk of the shurk produced from the fishery,
will be forced to find alternative sources of
shark meat (known as fluke) or use other
species: prices will rise.

But for the 250 fishermen and their families,
the restrictions will bring much more drastic
change. Many fuce financial ruin: many will be
driven from the industry.

The president of the Victorian Fishing
Industry Federation, Mrs Melita Proebstl, says
there is no doubt the industry faces bad times.

“What we're asking for is at least 1o be
making sure thut we're making these decisions
on sound advice," she said.

“We're not disputing the fact that there
needs to be a reduction in fishing, but we are
concerned about the level of the reduction.”

The problem, says Dr Philip Sluczanowski of

Government is taking tough steps to tackle the fishing
industry’s development-versus-sustainability
dilemma. ROBERT GARRAN reports.

the South Australian Department of Fisheries,
is that fish are often harvested on a large scale,
using poorly controlled hunting “operations.

The issues facing the southern shark fishery
differ only in the details from those facing
nearly all fisheries in Australia and the world.

Very often, there is only a poor understand-
ing of the biology of the fish, their relationship
with the environment, the impact of fishing on
the fish population, and the effects of different
type of fishing gear.

The problem is one that has been repeated all
around the world: fishermen are catching fish
faster than they can reproduce.

The scientists have worked out what they
believe is the optimum level of fishing effort to
give the maximum possible catch while keeping
the population of fish at a sustainable rate: it is
generally around half the population (or
biomass) of the fishery before fishing began.

The go-for-broke approach to fishing was
fine as long as the fishing effort was not so
great as to reduce fish populations beyond the
threshold where an ever-increasing fishing
effort was needed to maintain a catch of a
given size.

In recent years, in many fisheries, this
threshold of “maximum sustainable yield" has
been breached.

In some fisheries, there is a real risk that the

fish population will fall below the level needed -

to reproduce, and become extinct.

In the case of the southern shark fishery,
scientists believe the population is down to
about a seventh. If fishing continues at present
rates, Dr Sluczanowski calculates, the fishery
will collapse altogether after about eight years.

The fishermen fiercely contest this calcula-
tion, pointing to- errors in the scientists’
models, past errors in fishery management,
and their lack of control over the proposed new
management regimes.

The shark fishery developed during World
War 1. when shark oil was used as a substitute
for cod-liver oil which had become scarce.

Shark meat was sold in the Melbourne fish
markets as flake, and quickly became the stuple
of the local fish shops.

By the late 1970s, fishermen noticed their
catch rate for a given amount of effort was
declining, although the total catch continued to
increase as a result of new techniques and
increases in the total fishing effort. -

At that stage, already, there had been
warnings from scientists that the shark were
becoming overfished, but little was done to
tackle the supposed problem. As far as the
fishermen were concerned, even though it took
more effort and improvements in technology,
(hgll were able to continue making a living.

he latest step has been Mr Kerin's
announcement of reductions in net allowances.
Now his “officials are negotiating with the
industry over the next measure — the
introduction of quotas. .

Mr David Townsend, the executive officer of
the National Fishing Industry Council, says

. the industry has received conflicting signals
-from different State and federal governments,

all of which may have responsibility: for some
aspects of fisheries management.

“This division of responsibility has been part
of the problem,” he said.

“Fish could be in Commonwealth waters or
State waters, with two different kinds of
management. The fish haven't known about
this.”

While he agrees the shark fishery is “"going
down -a hole fast”, part of the problem is
because of encouragement in the past from
government to increase the fishing effort —
particularly in the trawl fisheries, where
foreign fishermen had been trying to boost
their efforts in Australian waters.

The industry’s response to the crisis — not
just in the shark fishery, but in most fisheries
around Australia — has been to call for
self-regulation, within annual plans approved
by government.

“The industry has said that if they had been
in control, fewer people would have been after
fish to begin with; the peer group would have
exercised tougher restraint,” Mr Townsend
said.

*In the shark fishery, the best judge is the
industry. The Government has gone from one
adviser to another adviser. There is confusion
of advice at the scientific level. They're trying
to apply rules, and trying to use the States 10
police them, but it hasn’t worked.

“You should be making decisions on the
basis of the majority view. But there’s argument
in the scientific community as to what's the best
scientific view.”

ATTACKS on the veracity of the

calculations used by the scientists advising the
Government have been the industry’s other
main line of defence. “Like a lot of scientific
advice, you have to have more accurate data.
In the case of shark fishery, the duta is
questionuble,” Mr Townsend said.

Dr Sluczanowski rejects the attacks on his
forecasts, which have formed the basis of the
Federal Government's latest decisions on the
shark fishery.

His job, he says, is something like that of a
weather forecaster. “People have 1o make
decisions based on the best information they
have to date. There will always be uncertainty.
But you have to weigh up 1¥1c probability of
being wrong compared to the consequences of
not taking action. :

“We can say we are pretty certain where the

fishery is at, but I can’t predict the exact level
of next year's catch very well.”

Nevertheless Dr Sluczanowski's forecasts,
based on complex computer models that take
account of the reproduction rate, age structure
and historical catches, are chilling.

1f the southern shark fishery were shut down
now, it would take 15 years to return to hall its
original biomass — taken to be the level of
maximum sustainability, at which the greatest
possible catch could continue indefinitely. -

With a quota limiting the catch to 800 tonnes
starting now, the fishery could manage for 25
years, but would then collapse. -

Even one year's closure of the fishery can
make a big difference. Using the same
800-tonne quota, but with a year's closure, the
fishery would reach a sustainable level after 25
years, Dr Sluczanowski has found. :

Every year of delay now, however, will add
three years to the time needed to get potential
benefits from quotas or from a temporary
closure.

Until the 1950s, regulation of the fishing
industry in Australia was minimal. In those
days, it seemed there was no limit to the fish in
the sca, and anyone who asked would be
granted a licence.

The second phase in fishery management has
been called an era of “regulated inefficiency™
It began with the realisation that fish stocks
would be depleted unless some controls were
established. So to try to limit the catch, various
restrictions were placed on the gear fishermen
could use. There were limits on the engine size
of fishing boats and on the numbers of nets.

Not surprisingly, fishermen were keen to
maintain or increase their catches and their
incomes; and so various ways were found 10;’
circumvent the. restrictions. The most obvious:
was simply.to work harder. Also, technological
improvements boosted their catch, despite th
regulated restrictions on productivity.

Under the latest management phase, domi-
nant since the mid-1980s, the problem is
tackled by setting quotas on the amount of each
species of fish that can be caught. L

This approach, too, has a drawback: it is
more difficult to implement, requiring greater
understanding and knowledge of fish popula-
tions, and is more difficult to enforce. Instead
of simply checking the size of a fisherman’s
boat engine or the number of his nets, the
authorities have to ensure they have an
accurate measure of each fisherman’s catch.

Mr Kerin's 1989 policy statement explains
that there is one issue that makes managing
fisheries much more difficult than other
industries.

Unlike forests or fields, it is difficult to
define who owns fish. With no clear ownership
rights, there is .no one with a direct and
immediate interest in ensuring the long-term
viability of the industry. :

It is in each fisherman's short-term interests
to harvest as many fish as possible, regurdless
of the long-term impact on the fishery. There is
no incentive for fishermen to reduce their
fishing effort when they know other fishermen
will move in to try to catch the fish they leave

“behind.

“When resources belong to nobody, nobody
will look after them: when resources belong 10
everybody, everybody must look after them,” .
the paper argues. S

A key recommendation is that, where
possible, “individual transferable quotas”
should be introduced to estublish something
close to ownership rights over fisheries.

These 1TQs have been introduced in several
fisheries, along with plans to reduce the
number of fishermen by subsidising their exit
from the industry.

The paper also advocates the use of a
resource rent tax for fisherics, “to collect an
appropriate charge from individual fishermen
¢xploiting @ community resource for private
n . £
¢ The industry contests the virtue of this
proposal, which it says ignores the huge
investments fishermen have made in the”
industry with no continuing rights ol ucces
to fisheries.

On July 1, negotiations for the RRT will
become the responsibility of a new Australian’
Fisheries Management Authority, which h
been set up to counter the industry’s co
plaints of bureaucratic inefficiency withi
present Australian Fisheries Service, a division
of the Department of Primary Industries an
Energy. )

The new authority may well improve
administrative efficiency and management_of
the industry. The fundamental problem
fisheries remalns, however: it ls_an ove
exploited resource which requires strict and
unpopular management decisions if it is to
return to sustainability. o




A bioeconomic model of the southern
shark fishery

The bioeconomic model of the southern shark fishery developed in
ABARE draws on the biological relationships developed by Olsen (1984),
Walker (1991b) and the South Australian Department of Fisheries (1991).
Onto these biological relationships are imposed the economic and physical
features that affect and are affected by fishery management decisions. The
model can be used to examine the impact of various management options
on both the profitability of the fishery and the biological state of the
fishery.

Previous biological models of the fishery have been very useful in
highlighting the need for urgent action to protect the resource. In particular,
the ‘SharkSim’ model, developed by the South Australian Department of
Fisheries (1991), has captured the attention of both industry and managers.
The model simulates the dynamics of the school and gummy shark stocks
in the southern shark fishery. The major strength of SharkSim is that it
incorporates interactive graphics software that gives a picture of the
complex interactions and dynamics of the fishery. The model can be used
to demonstrate how the stock structure alters in response to different types
and levels of fishing effort.

The ABARE model

While it is an effective tool, SharkSim can only be used to estimate the
consequences of applying given amounts of fishing effort in a fixed
sequence. It cannot be used to estimate the best sequence to achieve
certain objectives, except through trial and error. Further, it excludes the
effects of management decisions on the economic performance of the
commercial operators in the fishery. The ABARE model, in contrast, is an
optimisation model, which means that it can be used to maximise a given
variable, such as profit, subject to a set of constraints imposed in the
model. In this case, the model is used to estimate the number and type of
boats, the type of gear used and the timing of fishing (that is, which years
the boats fish) that maximise the net present value of either profits, gross
margins or revenue over time under the constraints imposed by the stock
and management action.

Bioeconomic model of southern shark fishery 7

Sean Pascoe, Tony Battaglene

and David Campbell

Australian Bureau of Agricultural and Resource Economics



COST RECOVERY FOR MANAGING FISHERIES

Table G 13 presents the AES budget for the fishery, for the period 1988 to
1991, The management levy charge applied per unit is calculated by dividing
the estimated management levy by the estimated number of units that will
pay the levy. The levy charge is then rounded to the nearest $10. Because the
levy is based on estimates, of both cost and number of units, it is acquitted at
the end of the financial year. This results in g deficit or surplus carry-over
into the following financial year.

Total AFS reimbursements to the States for surveillance for 1990-91
amounted to $280 702. Of this, South Australia received $103 000, Victoria
$73 000 and Tasmania $104 404

Research and logbooks

Scientific research is undertaken mainly by State fisheries agencies in
Tasmania, South Australia and Victoria. The Southern Shark Assessment
Group based at the Marine Sciences Laboratories (MSL) in Victoria
undertakes the collation and analysis of logbook data for the fishery. CSIRO
Division of Fisheries also undertakes some shark research. The Southern
Shark Research Group (SSRG) is an umbrella organisation which brings
together research agencies undertaking shark research and provides scientific
advice to Governments and the southern shark fishery MAC (SSFMAC).

Research into the southern shark fishery has led to the development of
SHARKSIM, a computer model of the fishery, incorporating catch data since
1927, and biological information of school and gummy shark. It also takes
into account available information on fishing gear selectivity. The model was
developed by Software Insight Pty Ltd for the South Australian Department
of Fisheries (SADF) under the coordination of SADF in conjunction with the
MSL and supported by FIRDC and FDTA grants. SHARKSIM has been
used to estimate sustainable yields and biomass estimates for the fishery
(refer to section ‘Status of the fishery’). While SHARKSIM is the best
available model of the fishery, it has limitations. Reichelt and Tilzey (1991,
p.1) note:

SHARKSIM is a useful tool for predicting the effects of changes in catch levels,
recruitment, and so on, but does not allow a full assessment of uncertainty in such
estimates.
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The South Australian Shark Fishermen's Association (SASHEA), believes that
shark stocks are higher than SITARKSIM esumates indicate. The SASEA
submitted that the database on which the computer model is based does not
include data from west of Kangaroo Island und that catches from this area
represent 80 per cent of the total South Austrahan catch  Reichelt (personal
communication 1991) concedes that the model docs not incorporate the
fishing of new grounds towurds the west, but indicated that preliminary
evidence of declining shark size and catch per unit effort in the western area
indicates that the addition of data from this area will not greatly alter the
SHARKSIM biomass estimates.  However, he claimed that the addition of
these data is a high rescarch priority, which will improve the model’s
predictive capability.

Some shark fishermen provided anccdotal evidence from their own catch
history to support their case that SHHARKSIM biomass estimates are 100 low
However, Reichelt and Tilzey (1991, p. 3) wurn that:

Short-term changes in catch rates are musleading. [n this fishery only the long term
catch data setshouldbe used 1o assess fishery trends and then used with caution. For
example, any schooling behaviour (or other form of aggregation) by the sharks, or any
increase in efficiency by the fishermen in terms of locating sharks, will result in catch
rates being an optimistic indicator of stock abundance

Financial performance

ABARE undertook a financial survey of the southern shark fishery for the
1988-89 financial year (Campbell et al 1991), and the findings are presented
in Table G.14. ABARE will use the results of the survey to assess the
possible economic impact of various management proposals. The return to
full equity is calculated on the basis of total receipts from the diversified
fishery. A majority of the fishermen with A6 and B endorsements are not
fully dependent on the shark catch. These fishermen made a return to full
equity which was far less than the inflation rate. One implication may be that
the below average returns of these fishermen may be due to the poor
performance of the other fisheries on which they depend.

Campbell et al (1991, p.5) conclude that:

.fishermen in 1988-89, on average. made a return (rate of return 0 full equity which
excludes interest payments made in servicing debt) which was less than the inflation
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Model approach to conservation

SHARKS are less dangerous Lo
people than people are to sharks
During the silly season shark scares
are good copy. Everybody 1s scared
of them. and despite the fact that
injury or death from attack is far
less likely than from jogging. even
normally responsible police seeing
one from a helicopter will blaze
away like airborne cowboys.

It 1s often pointed out that people
eat more sharks than sharks eat
people. But the very survival of
some species of sharks is threat-
ened by people eating them. Specifi-
cally. the shark population in
Australia’s southern shark fishery
has dwindled to dangerously low
levels owing to overfishing, and
could disappear unless urgent ac-
tion is taken. In short, Victorians
and South Australians are going to
have to moderate their appetite for
fish and chips.

That very useful government re-
search body, the Australian Bureau
of Agricultural and Resource Eco-
nomics (ABARE) which is at pre-
sent conducting its annual Outlook
conference in Canberra, has dev-
oted considerable attention in re-
cent times to the fishing industry
and its economics. Now it is com-
mon to talk about ‘‘aquaculture”,
and even “aquacultural economics”.
Fishing is big business, and could in
the future become an even more im-
portant resource for Australia. But
there are very important issues of
the environment and conservation
to take into account.

Every Lime‘vI visit one of the res-
taurants in  Robert Campbell's
beautifully restored old warehouse
in Sydney’s Rocks I reflect on this.
For this is a monument to unwise
marine . exploitation. Many people
are not aware that Campbell built
his wealth on Australia’s first im-
portant export industry — seal furs
and oil. Within a few years the once
abundant seals which ranged the
coast north and south of Sydney,
and basked on the harbour fore-
shores, were virtually totally wiped
out.

Nobody coos and sentimentalises
about baby sharks — but, these
days, they are in much more danger
than baby seals.

ABARE's latest study is entitled A
Bioeconomic Model of the Southern
Shark Fishery, and it is a fascinat-
ing example of how biological and
economic knowledge and analysis
can be combined (ABARE research

-report 92.1, by Sean Pascoe, Tony
Battaglene and David Campbell).

The southern shark fishery in-
cludes the waters to the south of
South Australia, Victoria and Tas-
mania. Two main species of sharks
are caught, chiefly by gill-net or
hook: school and gummy sharks,
though 15 per cent of the 3000
tonnes carcass weight caught in
1990 consisted of other species, such
as the common saw shark, southern
saw shark, elephant fish and angel
shark. That catch was valued at
over $15 million. Thus it is not a
very big industry. .

McGUINNESS

Earlier economic work by ABARE
has shown that profitabihity in the
Industry was low and much ot the
fleet mvolved was making losses
Evidence on the dwindhng shark
population made it clear that unless
the catch was drastically reduced
the industry would face collapse.

It 1s not easy to obtain firm infor-
mation on the shark population.
But birth rates of sharks, their time
to maturity of both sexes. their life-
span all feed into the model. The
“SharkSim™ biological model of the
South Australian Department of
Fisheries estimates the numbers of
sharks 1n each age cohort, up to 16
years and over. Growth rates and
ultimate sizes are factored in. Thus
male gummy sharks tend to a maxi-
mum length of 1387mm and females
2019mm. (School sharks, with simi-
lar sizes of males and females, tend
to a length of 1600mm.) Age of sex-
ual maturity is also taken into ac-
count, with only a small proportion
of gummy females being mature be-
fore the age of nine years, and of
school sharks before the age of 12
years.

¢Economics and
biology can mesh?

The physical elements of the bio-
economic model are the equipment
constraints of the fishing fleet —
numbers of boats, gear used. size of
net mesh, etc.

The economic elements are chiefly
derived from information on the
Melbourne market. I was surprised
to learn how high the price of shark
is — about $6 a kilo wholesale — and
that this i1s not much affected by va-
riations 1n the supplies available.
But as the report observes. a very
great reduction in avallable supplies
might affect the price substantially.
However. blue grenadier appears to
be an acceptable substitute for
shark.

Essenuiallv. the report puts to-
gether what is known. as well as a
certaln amount of what is uncer-
tain, about the size and rate of re-
placement of shark populations, to
conclude that drastic action (some
of which was initiated at the end of
1990) i1s necessary if Melburnians
are not Lo be permanently deprived
of their favourite flake.

The best option would be simply to
close down the fishery for a period

L

ol lrom eight to 12 years — long
enough to allow a replenishment of
sexually mature females. Bul there
Is doubt about the “recruitiment’
rate 1t the shark population. In
purcly biological terms. the lowest
risk strategy weuld be to close down
the mdustry But 1if the possibility
exists that the shark population has
substanual regional varations, and

that breeding stock 1s recruited
{rom non-fished areas into fished
areas. then such drastic action
nmight not be necessary.

However. the “constant recruit-
ment opuon would sull require a

drastic reduction in the amount of
shark taken — to about half the 1990
catch. This. combined with careful
monitoring to test the vahdity of
the assumptions about recruitment
into the shark fishery, would be
much more sensible economically
than the absolute biological no-risk
option.

It can be seen,” the paper says.
“that the benefits of closing the
school shark fishery for a period of
eight to 12 years outweigh the other
alternatives. If the constant recruit-
ment assumption for gummy
sharks 1s correct, the optimal man-
agement option may involve redu-
cing the number of boats to about
20. with a total allowable catch of
about 1500 tonnes.

“Given that the cost of closing the
gummy shark fishery if the con-
stant recruitment assumption is
correct far outweighs the cost of
keeping the fishery open if the
baseline biological assumptions are
correct, an optimal short run policy
may involve keeping the fishery
open (with a substantial reduction
in boat numbers) until the question
of recruitment is resolved.”

This report (and other related
material) constitutes an excellent
example of how to reconcile envi-
ronmental and economic considera-
tions. It takes into account not only
risks but costs and profitability of
the industry, and assesses not just
the worst case situation but the best
approach to ensure that if the worst
case situation should prove correct,
the population will not have deter-
lorated beyond rescue. At the same
time it avoids the popular environ-
mentalist trap of maximising the
cost of environmental and species
protection

It shows how well the various dis-
ciplines of the economust and the
biologist can mesh to produce use-
ful advice on the viability of a pri-
mary industry. Clearly, for example,
the same Kind of research and mod-
elling procedure could be adapted to
land animals — as when we finally
gel around to running a proper
kangaroo meat industry — or other
kinds of {i1sh and marine resources.

This 1s what sustainable economic
development is about. It might be
argued that perhaps the fishery
should be closed for longer in order
to allow shark populations to regen-
erate to earlier levels. But we don't
-need more sharks, we need enough.

—Padraic P. McGuinness




But the bumper harvests
of the mid to late ‘80s cannot
last. CSIRO research on the
fishery has shown orange
roughy to be extremely long-
lived. Their life span i1s com-
parable to that of human
beings - about 70 to 80 years
(the oldest known specimen is
149 years old). They breed
later than humans, at about
32 years of age.

Obviously, a fish that
takes so long to grow and
reproduce will not sustain
intensive commercial fishery.
CSIRO * scientuists  have
warned the industry that it
has to reduce its total allow-
able catch from 12000 tonnes
to 2700 tonnes for this valu-
able fishery to last.

WORKING SMARTER
NOT HARDER

The problems faced by the
orange roughy and southern
shark fisheries — overexploita-
tion of stocks, improvements
in efficiency resulting from
new techniques and technolo-
gies, and excessive exploita-
tion of newly-identified
resources - are repeated else-
where in Australia. The prog-
nosis for the southern blue-fin
tuna fishery, for example, is
even worse than that of the
shark fishery.

Apart from better man-
agement of the fisheries, there are other ways to reduce our “predation
pressure” on wild fish stocks. Aquaculture - the intensive farming of
shellfish and fish - is one means. Australia’s past efforts here have con-
centrated on oysters and salmon trout. Researchers are now looking
at other aquaculture prospects such as prawns, shellfish other than
oysters, and fin fish.

But the most promising avenue for making more productive use
of our catch at the moment is in value-adding, through better post-
harvest processing and marketing. Tuna is a good example. As men-
tioned earlier, one of our tuna fisheries has already suffered excessive
levels of fishing.

Much of the Australian tuna catch ended up in tins. The irony is
that Australian cats were eating fish that could fetch $75 per kilo in
the Japanese raw fish or sashimi market. Now, in Queensland,
researchers and marketers are looking at ways of adding value to fish-
eries products like tuna to cash in on lucrative export markets.

At the International Food Institute of Queensland, a team of
seafood technologists, microbiologists and marketing consultants has
found a way of processing and presenting longtail tuna, traditionally

Another success story is the
Japanese king prawn project.
The Institute set up a joint ven-
ture with a private prawn farm
to produce live prawns for the
Japanese market. The research
component involved finding
optimal temperatures for
transporting the prawns, and
identifying a suitable support
medium - sawdust — in which
to pack them. The first com-
mercial shipments of the live
prawns have proved a success,
fetching up to $80 a kilo in
Japan with a 95-100 percent
survival rate for the prawns.

Work is continuing on a
number of other projects,
including spanner crabs and
brown tiger prawns. Institute
researchers plan to apply their
expertise in the transport of
live crustaceans to both these
species. The point is that we
don’t have to take moie fish
out of our waters to increase or
maintain the value of our fish-
eries. As with every other
industry today, the choice does
not have to be working harder,

ot :
Al

Hef =l but working smarter.

AT THE END OF THE DRAIN

Through its sustainable devel-
opment initiatives, the Govern-
ment is taking a broader
approach to the preservation of
our fisheries. Sustainable devel-
opment is not just about com-
mercial fishing, says Dr Murray Johns, Executive Officer of the
Commonwealth Government’s Sustainable Working Group on Fish-
eries. The management of our fisheries resources has to take into
account tourism, recreational fishing, conservation of species and pro-
tection of the environment. With a renewable natural resource, you can
only live off the interest; if you start living off the capital, you run the
resource down, leaving nothing for future generations.

Recreational fishing can have a significant impact on commercial
fisheries. Surveys of some fishing spots have shown that the recre-
ational catch can be up to 20 times the commercial catch. “As Aus-
tralians, we all believe we have a right to catch a fish whenever we
want”, continues Dr Johns. “Yet we can’t just go out and cut down a
tree in a state forest™.

Pollution and habitat degradation also have an impact. Industrial
waste 1s one well-known source, but another important problem is
resort and marina development, particularly along the coast adjacent
to Queensland’s Great Barrier Reef where mud flats (a favourite nurs-
ery for many fish and crustaceans) have been destroyed for recre-
ational or urban development.

Mary-Lou Considine, a science graduate with experience in marine biology. is
a freelance journalist based in Melbourne.
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OFF THE MENU

Is there cause for concern? The plight of a couple of our most popular
seafood items, flake and orange roughy, highlights some of the issues.
Flake is the meat from two species of sharks - the gummy shark and
the school shark. These sharks sustain a fishery that extends from
eastern Victoria, south to the waters off Tasmania, then west to the
western boundary of South Australia.

Like most other Australian fisheries, the southern shark fishery
enjoyed an initial boom phase that, decades later, has slowed down. In
recent years, shark fishermen have been able to use new techniques for
increasing their total catch, but the catch yielded per unit effort on the
part of fishermen has been declining. In other words, they are having
to pedal faster just to keep up.

Scientists have long been concerned about overfishing. Research
on the biology of the sharks has shown that both species are relative-
ly long-lived and produce few offspring, leading scientists to conclude
that stocks are not as rapidly replenished as shorter-lived marine
species such as prawns.

Consequently, the Federal Govern-
ment’s Department of Primary Industries is
trying to encourage the southern shark
fishery to reduce its catch, placing restric-
tions on the number of nets that fishermen
can use. The aim is to reduce the annual
catch from 3500 tonnes to somewhere
between 500 and 800 tonnes.

Shark fishermen are not happy about
conforming to restrictions based on
research results that they believe to be
imprecise and inaccurate. Imprecision is a
universal problem for marine biologists.
Unlike land animals, fish can’t be easily
observed, counted and followed. The
methods that scientists use to estimate a
marine species’ abundance, growth rate,
life span and breeding rate involve indirect measurements and some
“guesstimates”.

But as Dr Phil Sluczanowski of the South Australian Department
of Fisheries points out, scientists’ predictions, even though they may
not be completely accurate, are better than nothing. We can only base
our predictions on the best available information, says Dr
Sluczanowski. Uncertainty will always be there. But fisheries man-
agers and fishermen have to weigh up the consequences of taking
action and being wrong, against the consequences of taking no action.

Dr Sluczanowski and his colleagues have developed a sophisticat-
ed computer model, SharkSim, which simulates the effects of different
fishing techniques on the age structure and reproduction rate of the
fish population and on the catches and catch rates of the fishery.

The model combines the results of more than 40 years of research
into growth, density, mortality, reproduction, catchability, selectivity
and fishing statistics. It offers scientists and managers a window onto
the future, mapping out the consequences of various policies and reg-
ulations in terms of their impact on the catch.

The pictures that the model paints are not comforting. Taking the
case of the most severe remedial action, immediate closure of the fish-
ery. It would take 15 years for stocks to returnto a level at which they
could be fished indefinitely. If the annual catch was limited to 800
tonnes, the fishery could survive for 15 years and then collapse. Total
collapse could be avoided if the fishery was to be immediately closed
for one year to allow stocks to recover.

Delayed action, while fishermen demand more accurate data or
while management bodies avoid making tough decisions about

Unlike land animals,

fish can’t be easily

observed, counted

and followed

Effective communication berween sciennsts and the fishing indus-
try is a major barrier to gerting agreement on appropriate action from
the different interest groups, according 10 Dr Sluczanowski. Scienusts
have to wear some of the blame; their research results tend w0 be
buried in academic journals, and the limitations of their data are often
not adequately explained to non-scientists.

SharkSim provides a ray of hope, allowing users to view the effect
of different management strategies such as the use of fewer nets. With
its arresting colour displays, SharkSim can graphically convey the con-
sequences of inaction to fishermen and fisheries managers. In fact,
SharkSim and its relatives — AbaSim, an abalone fishery simulation
package and PRAnRa, a tool for esumating recruitment to fish stocks -
may eventually be applied to other fisheries as a way of communicat-
ing research findings to managers and operators.

If the shark fishery eventually fails, we may have to look at alter-
natives for ever-popular flake. One suggestion has been to import
hake from overseas, but as Dr Sluczanowski points out, fisheries over-
seas are facing the same crisis as those in Australia. There is no doubt
though that, for the consumer, the loss of local fisheries like the south-
ernshark would mean an increase
in the retail price of fish.

DIGGING DEEP

Demonstrating the outcomes of
present management strategies
may not be enough to convince
fishermen. As small business man-
agers, their major concern is the
present, not the problems that
might arise in 15 years.

Like most fisheries in Aus-
tralia, the shark fishery mainly
involves individual operators,
each having a considerable invest-
ment tied up in their boat and
associated navigational and fishing equipment. With this investment
at stake, they have little incentive to become less productive and lose
revenue. So they will continue to do what they have done for years -
work their gear as hard as they can.

The Commonwealth Government is aware that we have too
many players in all our commercial fisheries, but rationalisation is a
process that involves putting people out of work, not an easy deci-
sion to make.

One fishery undergoing a major restructure is the northern prawn
fishery. The restructure will cut the number of fishing vessels operat-
ing in the fishery by half. Many boats have already been removed, and
the owners compensated for their loss.

The Government sees subsidised withdrawl, with a system called
“individual transferable quotas™ (ITQs), as the most effective means
of protecting our dwindling fisheries resources. ITQs may provide a
means of establishing ownership rights over fisheries because, as they
stand, fisheries belong to nobody, so nobody is responsible.

But will managers get the night strategies in place in time to save
valuable species like the orange roughy? Orange roughy was a bit of a
stranger to Australian palates 10 years ago. In recent vears, our
appetite for the fish, and the price it commands in export markets, has
had fishermen rushing to “hot spots™ off the Tasmanian coast to take
part in a fishery worth about S350 million a year.

After 1985, when the first catches were made, the fishing industry
moved fast to exploit the resource, with new entrants investing in spe-
cial acoustic sounding and trawling equipment to work the deep sea
floor on which the fish lives, more than 1000 metres down. Naviga-
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The chips are down

It may not be long before the trendy, tender types
of fish so popular with diners today are rubbed
off restaurant blackboards for good
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CONDITIONS OF USE

There are restrictions on copying, transfer and types of uses
of the SharkSim 1 software.

An agreement between the South Australian Department of
Fisheries and each legitimate user deals with these. Please
refer to it before using the software.

Whilst every effort has been made to check the accuracy of the
calculations, serious users should use independent models to
check the model outputs. Neither the South Australian
Department of Fisheries nor anybody associated with the
production of SharkSim 1 shall be liable for damages resulting
from the use or misuse of these programs.

WARNING i

' USE Sharksim 1 FOR FISHERIES-'@
MANAGEMENT ONLY WITH APPROPRIATE :
 SCIENTIFIC ADVICE. '
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PREFACE

About this manual

This manual describes how to operate the SharkSim v1.0

software package. It assumes you are familiar with the basics
of using a DOS personal computer and that you understand terms
such as keys, files, windows and [esc]. Contact the

developers if you need help (Appendix A: Service and
support).

If SharkSim v1.0 is installed on your computer, the guickest
way to learn to use it is to step through the EXAMPLE
described on page 29.

The installation procedure is described on page 7.

The manual does not teach the user fish population dynamics.

About the model

The software implements mathematical models specified by
scientists who studied the fishery. Some aspects of these
models were checked by independent experts at a five day
workshop. The models are continually being rechecked, refined
and modified.

The population dynamics models underlying SharkSim are complex
and depend on assumptions and parameter estimates which need
qualification. Fisheries scientists should be involved in
analysis and interpretation using the package.

WARNING

USE SharkSim 1 FOR FISHERIES
MANAGEMENT ONLY WITH APPROPRIATE
SCIENTIFIC ADVICE.
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1 DESCRIPTION

b § Description of model

SharkSim models the southern Australian fishery for gummy
shark Mustelus antarcticus and school shark Galeorhinus
galeus. Based on the best available data and population
dynamics models, it simulates (Walters 1969) the effects of
fishing effort by various gears on population structure, pups,
catches and catch rates. The user can easily change control
variables or model parameters and immediately see the effects
as coloured dynamic graphics that clearly illustrate the
evolution of the fishery and the consequences of alternative
management strategies or of parameter uncertainty.

The model combines the results of over forty years of research
into growth, density dependent natural mortality,
reproduction, catchability, selectivity, fishing effort
allocation and catch and effort statistics. (Olsen 1984,
Walker 1991)

It was developed for use by scientists, managers, fishers and
related industries, conservationists, educators and the
community. It can be used to fit models, analyse and
understand them, communicate, educate, manage fisheries,
develop policies, focus effort, capitalise expertise, cost
research, clarify issues and entertain.

1.2 Hardware requirements
Running SharkSim v1.0 requires

. IBM PC compatible computer

. DOS v3.3 (or later version)

. 286 CPU (or later version)

) Standard VGA colour graphics adapter and screen

. 2Mb RAM minimum with EMS (expanded memory specification)
driver, at least 530 Kb conventional memory

. 2Mb space on hard disk (initially, but the database can
grow)

5 3.5" high density (1.4Mb) diskette drive for
installation

. 287 math co-processor (or compatible later version)
highly recommended

. the CONFIG.SYS file must have minimum:

FILES=10, BUFFERS=20

. no conflicting packages (e.g. Terminate Stay Resident

TSR programs such as SIDEKICK(c))
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2 INSTALLATION

SharkSim v1.0 is supplied on a 1.4Mb 3.5" diskette.
The following procedure creates a sub-directory called

SHARKSIM (or whatever you wish) on the hard disk and copies
SharkSim v1.0 to it.

Installation procedure

1 Insert the supplied SharkSim v1.0 diskette into a
diskette drive and type A:INSTALL [Enter].

2 An installation programme will run. When it asks, type
in the name of the directory into which the SharkSim
v1.0 files will be loaded.

3 Remove the supplied SharkSim v1.0 diskette and store it
securely.

The installation program automatically checks whether your
computer has a maths coprocessor and loads the appropriate
files.

K_EQARNING

‘When you install SharkSim v1.0 into a sub-
directory, it will overwrite any files that
were previously stored there.’ If these
contained SharkSim files (e.g. 8imulations) you
had created in addition to those supplied with
the software, you will lose then.
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3 OPERATION

3.1 Starting the programme

1 Enter the SharkSim subdirectory.

(e.g. C:> CD SHARKSIM [Enter])

2 Type: 88 [Enter]
After displaying the opening screen, SharkSim loads into

the computer's working area with a default Start
Parameter Set (see 3.5.1 below).

3.2 Leaving the programme

You can leave SharkSim by typing [Alt-X] (or /X) if no
windows are displayed. Eliminate these using [Esc].
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3.3 Understanding the main screen

3.3.1 Status line
A status line at the top of the main screen shows

. The version of SharkSim being used
(e.g. "sharkSim vi.0" )

. What is being displayed
(e.g. "FISHERY Biomass by Species" or
"GUMMY FEMALE Number by Length-class" )
. The year at which PIT is positioned (see 3.3.2).
(e.qg. "1990" )

3.3.2 Colourbands

The main screen has five rows of information shown as stacked
coloured graphs called "colourbands":

Screen name Variable displayed Units (Biomass or Numbers)
Pop (cw) Population tonnes carc.wt. or 1000 sharks
Births Births tonnes or 1000 sharks
Catch (cw) Catch tonnes carc.wt. or 1000 sharks
CPUE (cw) Catch per unit effort (summed)
Effort Fishing effort by gear 1000km-1ft or hook equiv.
3.3.3 PIT - "Point-In-time"

A vertical white cursor called PIT ("point in time") can be
moved left and right using the arrow keys. The histograms on
the right of the screen show the values of the stacked
colourbands at PIT. The values can be displayed as figures by
pressing F, allowing you to measure them.

The histograms show the values to the immediate left of PIT

for the top four rows, and the values to the right of PIT for
the bottom row (Fishing Effort).

3.3.4 Colour code

Depending on what is displayed on the screen, different
colours present different information. For example, if you
display "GUMMY FEMALE Biomass by Length-class", each length-
class category will have a different colour.

APPENDIX B details the colour codes.
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3.4 Keyboard control in the Main Screen

You can alter the image on the screen using keyboard commands.
(You can first eliminate any visible windows using [esc].)

3.4.1 Moving PIT

[Right]
[Left]

[Home]

[End]
[Shft][Right]

[Shft][Left]

Move PIT forward one year

Move PIT back one year

Move PIT to Initial Year

Move PIT to last simulated year
Move PIT forward ten years

Move PIT back ten years

3.4.2 Adijusting fishing effort

[(Up]

[Down]
[Ctrl][Right]
[Ctrl][Left]
[Ctrl][Up]

[Ctrl][Down]

Increase PIT fishing effort of
selected gear type (indicated by
colour underline in the bottom right
histogram)

Reduce fishing effort of selected gear
Select next gear type for adjustment
Select previous gear type " "

Increase fishing effort - fine tuning

Decrease fishing effort - fine tuning

3.4.3 Other controls

/
[Esc]

[Enter]

[Alt-X]

Displays figures giving values of
histograms. Press F again to display
totals, and again to switch them off.
Calls up the menu of Commands
Eliminate Command windows

Carries out a simulation for the year
following PIT using the fishing effort
shown in the bottom right histogram.

Leave SharkSim.

(C) 1991 SADF
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3.5 Entering and Editing Data

When using SharkSim, there are occasions when you need to
enter or edit text or numerical values in fields (e.g. Naming
files or altering parameters). The SharkSim editor is simple.

Moving between fields

Each field is surrounded by a box. When you are working with
data on screen-based forms which contain more than a single
field, you can move between fields using [Tab], [Shft-Tab],
[Up], [Down], [Left] and [Right].

Entering/editing a field

To edit an existing field, position the cursor there and type
[F2].

When editing within a field, the cursor highlights the active
position where entering/editing takes place. You can move it
using [Left], [Right], [Home] and [End].

You can use the [Backspace] and [Delete] keys to delete
characters and toggle between insert and overwrite modes using

the [Insert] key.

When entering numerical values, you can type them in as
integers, decimals or in scientific notation.

When you are satisfied with what is in a field, press [Enter]
to accept it. If you want to leave the contents of a field
unaltered from when you started, press [Esc].

WARNING

Pressing [Ctrl-Alt-Del] or switching
off the computer while SharkSim is
accessing a disk or its database may
cause problemns.

(c) 1991 SADF Page 11



SharkSim vl1.0 User Manual

4 COMMANDS

4.1 Using commands

Calling up the Command Menu

Press / while in the Main Screen to call up the Command menu.

Selecting a Command

Select a command by pressing the letter highlighted on the
screen (e.g. F for File) or by selecting a command using
[Left] and [Right] and pressing [Enter].

Command notation

Commands which lead to further menus have three dots displayed
after them (e.g. View...). Ones which execute and return to
the main screen are followed by a single dot.
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4.2 The command structure

SharkSim v1.0 Command Structure

File...
Load...
Save...
Simulation
Start Parameter Set
8tock/substock...
Fishery...
by Sex & Species.
by 8pecies.
Gumnmy. ..
8chool...
Female...
Male...
by Age-class.
by Length-class.
Total.
Models...
Initial Year
Initial Age Structure...
Gummy
8chool
Grab age structure.
Mortality
Growth...
Gummy
8chool
Catchability
Reproduction
Effort Allocation
Selectivity...
Nets
Non-net...
Gummy
8chool
View...
Biomass.
Numbers.
Rescale.
Zoomn. ..
30 yrs.
50 yrs.
100 yrs.
150 yrs.
About.
Exit.
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4.3 File command

SharkSim v1.0 has an inbuilt database. The File command
allows you to load and save two types of files: Start
Parameter Sets and 8imulations.

Before you carry out a simulation, you must specify:

the parameters that remain constant throughout the
simulation (e.g. Growth parameters)
- the initial age structure

These data are called the Start Parameter Set. You can change
them using the Models command (Section 4.6)

A 8imulation is based on a particular Start Parameter Set and
consists of an Initial Year, a fishing effort control sequence
created interactively by the user and the effects of these
over time on various variables such as population, births,
catch and catch per unit effort (CPUE).

A 8imulation is Loaded with the same screen configuration as
when it was 8aved.

/FL. .. /File Load When you Load a file, it replaces the
simulation shown on the screen.
Unless you have saved them beforehand,
you will lose the existing Start
Parameter Set and S8imulation. You
must know the name of the file you
wish to load before you do so. Enter
it exactly and press [enter].

/FL8 /File>Load S8imulation Type file—-name, [Enter]
/FLP /File Load Start Parameter Set " " " | [Enter]
/F8... /File 8ave When you 8ave a file, you must name

it. Use standard keys. Capitals are
regarded as different from small
letters (e.g. "best" and "Best" are
different). The database grows each
time you save a file.

/F88 /File 8ave S8imulation Type file-name, [Enter]

/F8P /File 8ave Start Parameter Set " " " |, [Enter]
When you carry out the installation procedure, the database is
initialised to contain only those files supplied with the

software and described in this manual (APPENDIX C). You can
have separate databases in separate sub-directories.
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4.4 8tock/Substock command

The S8tock/Substock command allows you to select which portion
of the fishery stock should be shown on the screen.

Stock
/SF... /8tock Fishery - The entire fishery stock (2
species, 2 sexes) is shown.
/8FX /8tock Fishery by Sex and Species - 4 colourbands
represent Gummy Females, Gummy Males, School

Females, School Males respectively.

/S8F8 /8tock Fishery by Species - 2 colourbands
represent Gummy and School sharks respectively.

/SFT /8tock Fishery Total - a single colourband
represents the whole stock.

Substocks

/8G. .. /8ubstock Gummy
/8GFA /Substock Gummy Females by Age-class
/8GFL / " " " by Length-class

/8GFT / " " " Total

Similarly for

. School (e.g. [/8SFL instead of /SGFL)

. Males (e.g. /8GML instead of /8GFL)
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4.5 View command

The View command changes how you view the information shown on

the screen.

/VB (/View Biomass) - the heights of the colourbars
representing the population, catches or catch
rates (CPUEs) reflect stock biomass as carcass
weight. (The Status Line at the top of the screen
shows whether "Biomass" or "Numbers" are shown.)

/ VN (/View Numbers) - the heights represent numbers of
fish. (see /VB above)

/VZ... (/View Zoom) - the time scale can be 30, 50, 100
or 150 years.

/V23 (/View Zoom 30yr) - the screen time scale = 30yr
/VZ5 (/View Zoom 50yr) - " N u L = 50yr
/VZ21 (/View Zoom 100yr) - " L L L = 100yr
/V20 (/View Zoom 150yr) - " " " " = 150yr
(c) 1991 SADF Page 16
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4.6 Models command

The Models command allows you to change the parameter values
of the underlying population dynamics models. Use it to
change Initial Year and data which forms the Start Parameter
Set (e.g. Mortality).

Press /M for a menu of sub-models which combine (according to
the algorithm described in Appendix D) to generate all the
dynamic variables shown on the screen. The parameter values
of these submodels remain constant throughout any simulation.

Changing parameter values

To change the parameter values in a particular sub-model (e.qg.
Growth), press the letter (e.g. G) to select the form for that
model. It appears as a window. Section 3.5 describes how to
enter and edit the parameter values in the various fields,
which appear in boxes on the screen.

When you are satisfied with the parameter values displayed on
the form, press [Alt-K] to accept them. Remember to press
[Enter] to complete entering a field. Press [Esc] or [Alt-C]
if you want to leave the original values intact.

Keep changing parameter values of various sub-models until you
are satisfied with them. Then you must Save them as a Start
Parameter Set. The new values will be loaded into the
SharkSim database, the model will recalculate its dynamics
using the new parameters and set PIT at the Initial Year.

The Start Parameter Set is the set that will be used each time
the model is started.

Initial Year - A special case

Because Initial Year is a parameter stored as part of a
S8imulation file rather than as part of a Start Parameter Set
file, special rules apply when changing the Initial Year. See
4.6.1 below.
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4.6.1 Initial Year command

The Initial Year is the first year of the simulation. 1Its

population structure is that given by the Initial Age

Structure sub-model (see 4.6.2 below).

To change the Initial Year:

enter the main screen

press /MY to display the form on the Initial Year

right
Enter/edit the year

Press [alt-K] to accept the value

sCreen

You must immediately Save

Simulation file using any

SharkSim will recalculate

Parameter Set and set PIT

OK Cancel

Press [esc] to return to the main

the existing simulation as a

name (e.g. default).

the model using the existing Start

at the newly entered Initial Year.

(C) 1991 SADF
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Initjial Age Structure command

The Initial Age Structure (for a given

Fenale Male
species and sex) is the number of fish o [ 3796 7756
. 1 1159 1159
assumed to be in each age class from 2 481 481
3 — 159 155
0+ to 32+ at the Initial Year. 4 164 164
s 134 133
6 110 110
7 20 20
/MIG or /MIS calls up the Initial Age 8 - i
P g 9 3§ &1
10 >0 S0
Structure form for gummy or school 11 41" g;
. . . 12 34
respectively (see figure at right). 13 Z8 28
14 23
1s ;;Egil 16.7
16 15.49 15.4
You can enter the numbers manually, 17 iz.6 iz.6
18 10.3 0.4
one species at a time. 19 LI B
20 7 7
21 5.8 5.8
22 a.7 4.7
A 3.9 3.5
Alternatively, you can "gRab" the PIT 23 3_9H 3.9
. . . 2s 2.6 2.6
age structure in any simulation and 26 a.dl .1
) .. az 1.8 1.8
make it the Initial Age Structure. 28 1.4]| 1.4
_ 29 1.3 1.2
Both species are treated at once. 30 1 1
31 0.8 0.8
32 3.68 3.58
oK Cancel

The latter option is particularly

Initial Age Structure

useful for creating a stable initial age structure which is
determined by the density-dependent pup mortality parameters

asp and bSp (see 4.6.3 below). You can select a set of

parameter, and simulate the

set zero fishing effort,
population until it stabilises. Then grab the age structure

and make it the initial one.

Definition

N.,o0,sp,sx is the number of fish of age a+ in the Initial Year

(0) for species 8p and Sex S8X.

(C) 1991 SADF
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4.6.3 Mortality command

You can alter the natural Mortality
. GuMny Schoaoal
Mortality parameters for
Mpup 0.2 0.1
each species separately. Mpost pup 0.2 0.1
a 9 S
Males and females of the b 0.001 0.00055 |
same species are assumed to
P 0K Cancel

have the same natural

mortality.

/MM calls up the Mortlaity form above.

Definition

Ma,y.sp is the instantaneous natural mortality of a+ age-class

fish of species 8p in year y.

Equations

For pups (Gummy ages 0+ to 4+, School ages 0+ to 8+):

Ma,y,Sp = Mpup,Sp = (bSp'sum(both Sx)sum(a+ to 32)[Na,y,Sp,Sx])

For post-pups (Gummy ages 5+ to 32+, School ages 9+ to 32+):

Ma,y, Sp = M‘post—pup, Sp

(c) 1991 SADF Page 20
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6.4.4 Growth command

The Growth command lets you
set von Bertalanffy and
allometric growth
parameters for each species
and sex separately. The
model dynamics are based on
the whole weight of
individual fish. The

catches, however, are displayed

Appendix D).

Linf
to
auw
bw

Growth
Femnale Male
0 .086 0.17
2019 1417
-3.01 -2 .08
1.22e-09 4 .52e-09
3.16 2.96
OK Cancel

as carcass weight only (see

/MG calls up the Growth form at right.

Definition

La,sp, sx is the length of a fish of age a+, species Sp and Sex

8X. W, sp,sx is its weight.

Equations
La,Sp,Sx = Linfsp,Sx.[l - exp {_kSp,Sx'(a_tOSp,Sx+o'5)}]
wa,Sp,Sx = awSp,Sx'La,Sp,Sx**wap,Sx
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4.6.5 Catchability command

Catchability q, g, is the Catchability
parameter relating the Gurny School
proportion of the stock of a0 0.002 0.00=2
ba (0] (8]
species Sp caught by a unit addaq 8] o
of fishing effort. Kddq o o
Combined with selectivity, OK Cancel

it converts fishing effort
by a particular gear type to fishing mortality (see Appendix
D) .

/MC calls up the Catchability form above.

Definition

dy,sp is the catchability of species 8p to standardised net

gear in year y.

Equation

The formulation of this sub-model allows you to simulate
increases in unit efficiency over years using parameter bg and
the effects of schooling behaviour using parameters qddq and

KRddqg.

+ qddqsp.exp(—Kddqsp.sumpostpupsume[Nadhsp,Sx])
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4.6.6 Reproduction command

The Reproduction model determines how the number of births

each year are computed from the age structure of adults

remaining at the end of the previous year.

/MR calls up the Reproduction form.

Each female of parental age (pa)
produces a number of births

related to her weight (gummy) or age
(school). The ar and br parameters

affect this.

The number of births produced by a
ap,y,Sp is the

product of the above number, the

parental age-class BI

number of pa-aged females and the
proportion of the females that are

mature f (e.g. In the figure:

ap, Sp
75% of 19+ year old school females are

mature) .

Definition
The total number of births at the

VO~NONaAaWNLODWY
19

REBEBIRNEUNNE

Reproduct ion

Gurrny Schaool
-3.1 25.7
1.43 8]

a
0 [1]
a 8]
a [8]
0.01 0
0.02 (0]
0.03 o
0.05 [s]
0.07 1]
0.5 1]
0.84 0.02
0.92 0.05
6.564" 0.18
1 Q.23
1 0.32
1 0.4
1 0.5
1 0.6
i 0.55|
1 0.79
1 0.83
1 0.85
1 a.86
1 0.88
J 0.5
1 0.92
1 0.54
1 0.56
1 0.98
1 1
1 1
1 1
1 1
oK Cancel

beginning of a simulation year No,y,sp,sx is the sum of births

from all parental age-classes. The model assumes that fish

are all borne at the start of a year and that half are female.

Equations
BIap'y,Sp = max[(0.0, arg, + brsp.w
° Nap,y,Sp,female ap, Sp
NO,y,Sp,SX = sumap[BIap,y’Sp]/Z

a,Sp,female]

(c) 1991 SADF
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4.6.7 Effort Allocation command

The user can set fishing Effort Allocation
. Target(Sch) Ratio
effort by gear types using
. . neté 0.2 1
interactive controls (see net? 0.6 1
net8 0.7 1
3.4.2). The Effort hook 0.8 1
Allocation model splits post pup 0.5 1
PuUP 0.5 1
these between gummy and test 0.5 1
school sharks. oK Cancel

/ME call up the form above. Two parameters are entered for

each gear type g.

If the parameter Ratio = 1.0, then effort is split into the

simple proportions specified by the first parameter

Target (8ch) (e.g. In the figure above, 0.7 of 8" net effort
targets school shark). If you set Target(8ch) = 0.5, equal
amounts of effort of that particular gear type are allocated

to both species. (Note: 8ch stands for "school".)

If Ratio = 0.0, then fishing effort in year y by gear g is

allocated between the species in the same proportion as their

catches by that gear in the previous year (y-1). 1In this

case, the Target(8ch) parameter is not used.

Values of Ratio (R) between 0.0 and 1.0 determine the relative
weighting given to the two alternative effort allocation
mechanisms described above. (e.g. If Ratio = 0.5, half the
effort is allocated according to the Target(Sch) (T) parameter

and half in proportion to the previous year's catch.)

For a particular gear g and species 8p, the total fishing

effort set by the user TEU,, is split between species as:

g

= TEUy'g.[R.T + (l_R)'Cy—l,g,Sch/sumSp{cy—l,g,Sch}]

Ey, g,cummy = TEUy g = Ey g scn

Ey,g,Sch
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4.6.8a Selectivity (nets) command
The Selectivity sub-model Net Selectivity

. . G Sch 1
determines the relative bdied cheo

. theta 1 186 192
effectiveness of a theta 2 36695 67597
particular gear type g in theta 2 0.5] 0.5]
catching fish of different oK Cancel

age-classes a+. The
Selectivity (nets) model deals with gill nets.

The selectivity of 6", 7" and 8" mesh nets is based on the two
parameter (thetal, theta2) model of Kirkwood and Walker 1986.
An additional parameter has been added (theta3) to deal with

different possible levels of "ghost fishing".

/M8N calls up the Selectivity (nets) form above.

Definition

For species 8p, the selectivity Sa,g,Sp, Sx of (net) gear of mesh

mg depends on the lengths of fish in the various age classes.

Equations
Given thetal, theta2, theta3, mg and La,&me:
betag’Sp = —O.S[thetalsp.mg

- (thetalsp**z.mg**z + 4.thetazsp)**0.5]

alphaglsp.betag’S = thetalsp.mg

P
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The Kirkwood & Walker selctivity is given by:

sSKW = (L

a,qg,Sp,Sx a,Sp,Sx/{alpha

exp(alphag’

gIsp.beta
- L

)**alphaglS

g,Sp P

/beta

a,Sp,Sx g:SP)

Sp

The theta3 parameter can be used to examine the effects of
"bounce-off", whereby even though larger sharks are not
actually caught by the net, they are killed by it and this

contributes to mortality.

\

If theta3d = 0.0, then the Kirkwood & Walker selectivity model
is used. 1i.e.

= sKW

Sa,g,Sp,Sx a,qg,Sp,Sx*

This simulates larger sharks not being as vulnerable to small

mesh gear as are smaller ones.

If theta3d = 1.0, then s
age at which sKw

a,g,Sp,Sx 1.0 for all ages above the

a,g,Sp,Sx reaches its maximum value. This
simulates all sharks above a certain age being equally

susceptible to the gear.

Values of theta3 between 0.0 and 1.0 enable the user to alter
smoothly and linearly the proportional weighting of these two

models.
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command

4.6.8Db Selectivity (non-net)
The selectivity of gears
other than nets is entered °
directly by gear and age 3
aq
for a particular species. -
c
9
/MOG or /MOS8 calls up the ﬂ
12
S8electivity (non-net) form o
on the right for gummy and 16
17
school sharks respectively. o
2
22
23
24
25
26
7
28
z9
30
31
32

Non—Net Selectivity
Puo Post Puo

Test

V[ OO ] IN[IDE B0V N 9] N 0 I 00 N 00 0 0 IV N [ V[ 00 N[ 09 V| 0 Nl 09| o] ©f ©

00| 0|0|00[0 0|0 0|0 00|00 o0l 0 ol 0| 0| 0| 0|0l 0|0 0| O] O O 1| ] O

Pl b ) b | et | e e | ] | e e el ] pnf o e sl e pef | 1ol b | O O Of O O O 1| O] O O

!

L e il L T T™ 117 ' 5% P o R o 1 W
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3.5.5 About command

/A displays a screen of information about

SharkSim v1.0.

3.5.6 Exit command

/XY (/Exit Yes) - Finish using SharkSim. This

is equivalent to entering [alt-X].

You will lose the current simulation unless

it has been Saved previously.

/XN No, don't exit SharkSim.
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4 EXAMPLE
The following sequence of commands enable the user to learn
the essentials of using S8hark8im in about 30 minutes (using

the recommended hardware).

1 Start SharkSim. (see Section 3.1)

\V]

/FLSshow[enter] This Loads the S8imulation called
"show" onto the screen. It
illustrates scientists' best
understanding of the fishery in

February 1991.

3 FF Note the values and totals of the
colourbands and histograms at PIT.
[end] Move PIT to the end of the simulation.
[home] Move PIT to the Initial Year.
/VZ21 Zoom the view so that the entire

simulation is visible at once.

7 [end] [enter] Simulate fishing in 1991 with the same
fishing effort as in 1990.

8 Use [down], [ctrl-right] repeatedly to set fishing
effort equal to zero in 1992. Press [enter] 15 times to
simulate closing the fishery from 1992 to 2007. Note
the rate of recovery.

9 Press FF and then use the keyboard commands listed in
Section 3.3.2 to set 6" and 7" effort to 30 each. Press
[enter] ten times to show a sustainable policy yielding
at least 1000 tonnes annually.

10 Use the keyboard commands listed in Section 3.3.1 to
measure values in different years.

11 /S88FA View the school females part of the
stock by age-class (see Appendix B for
colour code).

12 Experiment on your own.

13 [alt-X] Exit
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APPENDIX A Service and support

If you experience any difficulty using SharkS8im please contact
the developers as soon as possible.

Dr Philip Sluczanowski Hoselito Stankovic
SENIOR SCIENTIST (MODELS) SYSTEMS DESIGN
CONSULTANT

Department of Fisheries
GPO Box 1625
Adelaide SA 5001

Tel: (08) 226 0633
Fax: (08) 226 0664

Your suggestions for improvement of the software, manual or
data sets are welcome.

(c) 1991 SADF Page 30



SharkSim v1.0 User Manual

APPENDIX B Colour codes

Depending on what is displayed on the main screen, different
colours represent different information as follows:

i) by Species

Pop (cw), Births, Catch(cw) and CPUE (cw) can be

displayed by Species. ('cw' indicates carcass weight)
Colour Species
Light green Gummy shark
Light blue School shark
ii) by Sex and Species

Pop (cw), Births, Catch(cw) and CPUE (cw) can be
displayed by Sex and Species.

Colour Sex and Species
Green Male gummy shark
Light green Female gummy shark
Blue Male school shark
Light blue Female school shark

iii) by gear

The Effort row is always by gear. When you display a
Species Sex by age-class or length-class, Births,
Catch(cw) and CPUE (cw) will also be displayed by gear.

Colour Gear

Red 6-inch gill net

Yellow 7-inch " t

Brown 8-inch " "

Light magenta Longline hooks

Light green Gear targeted at post-pups

Light cyan Other gear targeted at pups

‘Magenta A test gear type for advanced
analysis
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iv) by age-class

Pop (cw) and Births can be displayed by age-class. The
Births row shows births by age-class of parent females.

The colour code is different for School and Gummy

lour

sharks.
Code Co
Births Bl

Immat y Light blue

Immat o Cy

Mat<50y Light cyan

Mat<500 Gr

Mat>50y Light green

Mat>500 Ye
Mat100 Pi
Survivor Re

V) by length-cl

ue
an
een
llow

nk
d

ass

School age-class

0o+

1+

S+

9+
12+
15+
22+
29+
32+

to
to
to
to
to
to
to
an

4+
8+
11+
14+
21+
28+
31+
d over

Gummy age-class

0+
1+
3+
5+
7+
9+
11+
13+
17+

to
to
to
to
to
to
to

2+
4+
6+
8+
10+
12+
16+

and over

Pop (cw) and Births can be displayed by length-class.
The Births row shows births by length-class of parent

females.

The colour code is the same for School and Gummy sharks.

Colour

Blue
Light
Cyan
Light
Green
Light
Yellow
Pink
Red

blue
cyan

green

Length-class (mm)

less than 800

800 - 899
900 - 999
1000 - 1099
1100 - 1199
1200 - 1299
1300 - 1399
1400 - 1499
1500 and more
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APPENDIX C Scenarios

The database supplied with SharkSim v1.0 contains some data
sets. These represent scientists' best understanding as at
February 1991 of the situation of the fishery at this model
resolution. Most of the simulations relate to predictions of
the consequences of alternative management policies starting
in 1991. Contact Dr Jeremy Prince, consultant, for more
details.

Read the PREFACE of this manual and use these scenarios with
caution.

Note that capital and small letters used in file names are
treated differently.

File Scenario Result
history History of fishery B-1925/B-1990 = 15%
ITQ800 800t quota Characteristic final

escalation of

effort, 25y
C1lITQ800 800t quota, 1lyr closure Final recovery, 30y
ITQ600 600t N Recovery, 25y

Effects of management delay

D1ITQ600 600t quota, 1lyr delay Slower recovery, 35y
D2ITQ600 600t "o, 2yr " Eventual collapse,
30y

Gear types

six"future Current effort, just 6" net Total collapse
(1]

Sevenllfuture " . [ 1] '7" (1] n "
eight''future " LI wognr n School collapse, low
gummy equilibrium
hookfuture " "o, " hook Total collapse
(ref:JP)
Effort restrictions
effredso 50% u t it Stabilises 650t
efféredso 50% i " (6") 550t, declining
eff7redso 50% u " (7") 730t, gummy
recovers, school low
eff8redso 50% tl " (8") 1000t, slow recovery
effrede6é6 66% U o (6&7") 1600t, recovery
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APPENDIX D Mathematical algorithm

SharkSim v1.0 simulates a complex fishery. The overall model
is a combination of a number of smaller "sub-models". These
are described in section 4.6. This appendix describes the
method and sequence in which these submodels are combined to
generate the variables described on the screen.

For age-class a+, year y, gear type g, species 8p and sex B8xXx:

1 N, 0,sp,sx is given by the Initial Age Structure model.
Set y=0.

2 The user sets a total effort TEUy,' The Effort
Allocation model splits this into‘%yﬂhsp.

3 Fishing mortality:
Fa,y.q,sp,sx = dy,sp-Sa,q,sp,sx"Fy,q,sp

where g and s are supplied by the Catchability and
S8electivity models.

4 Total mortality:

Z + sum,sumg, [F

a,y.sp,sx — Ma,y,sp g a,y,g,Sp,sx)

where M is supplied by the Mortality model.

5 Next year's starting population of fish aged 1+ and
above:
Na+l,y+l,Sp,Sx = Na,y,Sp,Sx'exP[—Za,y,Sp,Sx]
6 The catch in numbers in year y:
CNa,y,g,Sp,Sx = (Na,y,Sp,Sx - Na+1,y+l,Sp,Sx)
.FaIYIgISpISX/ZaIYISplSX
7 The catch in weight (carcass weight):
Cw = 0.67.CN

aerngpISx a,y,g,Sp,Sx‘wa,Sp,Sx’

where W is supplied by the Growth model.

8 The new—borne§ Ng y+1,Sp, Sx entering age-class 0+ in year
y+1 are supplied by the Reproduction model.

9 Aggregates (e.g. Catch by age-class) and ratios (e.qg.
CPUE) are calculated, the year is incremented by 1, and
the algorthm then proceeds to step 2 above with a new

age structure N, y+1,Sp,Sx*
’ 4 ’
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APPENDIX F RATIONALE FOR AND USE OF MODEL: 1990-91

In the past, our economic system encouraged the exploitation
of fish stocks at levels which depleted even those fisheries
which once laid claim to being 'the largest in the world'.
Fishing pressure continues to increase and stocks that are
still economically productive have never been under greater
threat. Long-lived species which produce few offspring, such
as shark, are particularly at risk.

How do we 'enlighten and move decision-makers' (Francis 1990)
and make it possible for them to take tough political
decisions (Lewis 1991) ?

The SharkSim project is based on the belief that the most
effective way is to make the situation of remaining stocks and
the consequences of alternative management actions so obvious
to everyone, including fishers and the public, that difficult
management decisions, which may have severe financial
repercussions for those in the industry, are nevertheless
taken.

SharkSim is a computer package built for this purpose. It was
sought by a specialist task force in the Australian Fisheries
Service as "an agent for change" to be used to convince
industry and the public of the need for urgent and significant
management changes in the southern shark fishery.

In 1991, the model played a key role in convincing those
involved with the fishery of the need for significant change
in its management. The specialist task force together with
fisheries scientists visited fishing ports where they used the
computer graphics package to explain to the fishing industry
why they believed that drastic action was necessary to halt
the decline in the fishery and how various management policies
could rehabilitate it.

The exercise highlighted the value of biological research and
of long term catch and effort data sets. SharkSim was also
used to identify those areas of research which offer the
greatest benefits for future management of the fishery.
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APPENDIX F RATIONALE FOR AND USE OF MODEL: 1990-91

In the past, our economic system encouraged the exploitation
of fish stocks at levels which depleted even those fisheries
which once laid claim to being 'the largest in the world'.
Fishing pressure continues to increase and stocks that are
still economically productive have never been under greater
threat. Long-lived species which produce few offspring, such
as shark, are particularly at risk.

How do we 'enlighten and move decision-makers' (Francis 1990)
and make it possible for them to take tough political
decisions (Lewis 1991) ?

The SharkSim project is based on the belief that the most
effective way 1is to make the situation of remaining stocks and
the consequences of alternative management actions so obvious
to everyone, including fishers and the public, that difficult
management decisions, which may have severe financial
repercussions for those in the industry, are nevertheless
taken.

SharkSim is a computer package built for this purpose. It was
sought by a specialist task force in the Australian Fisheries
Service as "an agent for change" to be used to convince
industry and the public of the need for urgent and significant
management changes in the southern shark fishery.

In 1991, the model played a key role in convincing those
involved with the fishery of the need for significant change
in its management. The specialist task force together with
fisheries scientists visited fishing ports where they used the
computer graphics package to explain to the fishing industry
why they believed that drastic action was necessary to halt
the decline in the fishery and how various management policies
could rehabilitate it.

The exercise highlighted the value of biological research and
of long term catch and effort data sets. SharkSim was also
used to identify those areas of research which offer the
greatest benefits for future management of the fishery.
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SHARKSIM 2E

These five pages describe the population dynamics models underlying SharkSim 2E

Variable name

Name

on screen

Populatn
Births
Catch,g
CPUE,g
Catch,a
CPUE,a
Av.Ln
Av.Wt
AvLn.All
SpEffrt

Effort v/

Population

Births

Catch by gear

Catch per unit effort by gear
Catch by age

Catch per unit effort by age
Average length of catch by gear
Average weight of catch by gear
Average length total

Effort by species

Fishing effort by gear

Units

tonnes cw

tonnes cw

tonnes cw

tonnes cw/1000km-lift
tonnes cw

tonnes cw/1000km-lift
mm

kg

mm

1000km-lift
1000km-lift

Variable with v/ means it is on screen by default on start-up

Symbol or Equation

Nﬂ.y.Sp.Sx'w
BI
sum, sumgCW,
CPUE
sum, sumg;, CW
CPUE, ,sp.s¢
sum,CW
sumacwa.y.g,Sp,Sx'
sumgsum,CW, o5,
SumeEy.s,Sp

Ey.g.bolh—Sp

a,Sp,Sx

apy.Sp,Sx

'y.g8.5p.Sx

ay.8.5p,Sx*

2y.8.5p.Sx

2y8,5p.Sx

WBSPSX

L

L, spsx /sum,CW

'a,Sp,Sx

TIME DEPENDENT VARIABLES DISPLAYED ON SCREEN (POPULATION MODE)

2y .g8,5p.Sx

/sum,CW, 9.8.5p.5x

/sumsum,CW, oo,



Model
Initial Year

Initial Age
Structure

Mortality

Growth

Reproduction

Effort Allocation

Catchability / Power

Selectivity(N et)

Selectivity o ,-N et)

START PARAMETER SET

SHARKSIM 2E

(POPULATION MODE)

Explanation

Calender year at
start of
simulation

To compute
M from

a.y,Sp,Sx

ay.Sp

To compute

La.Sp.Sx
and Wa,Sp,Sx

To compute
No.yq,sps,( from

a,y,Sp.female

To compute E,
from E, ¢ hotnsp

.8:.Sp

To set p,s, and
compute qy g,
from y and

N

ay.Sp,Sx

To compute
S.gSpsx [OT nets
using method of
Kirkwood and
Walker 1986

To set s for

'a.8,Sp,Sx
non-net gears
(gummy and

school separately)

Parameters

Displayed calender year

(y=0)

Na,O ,Sp,Sx

MPUP.SP

st-pup,Sp
aMg,
bMg,
cMg,

Linf .Sp,Sx
Sp,Sx

toSp,Sx

aWSp,Sx

Sp,Sx

arg,
brg,

f,

ap.Sp

(for PIT year =

Targ-S,¢
Targ-S,,
Targ-S,,
Targ_sho
Targ-S,,
Targ-S,,
Targ-S,,

1923)

Rat ¢
Rat,
Rat
Rat,,

Rat,,
Rat,
Rat,,

Default (start-up) value

1923

Table (see figure...)

Gummy
0.20
0.20
2.00
9.00
0.00

Gumm Gummy
y Male
Female 1417.00
2019.00 0.17
0.09 -2.08
-3.01 0.00
0.00 2.96
3.16

Gummy
-3.10
1.43

Table (see figure...)

Targ-S
1.00
1.00
1.00
1.00
1.00
1.00
1.00

School
0.10
0.10
4.00
5.00
0.00

School
Female
1618.00
0.16
-1.28
0.00
3.18

School
29.70
0.00

Rat

0.20
0.60
0.70
0.80
0.50
0.50
0.50

(There is a different parameter set for each PIT year)

q Oz.Sp
bqs.Sp
qddqg_Sp
kddgq,s,

Pgsp

thetal ,
theta2, ..,
thetad,, .,

mmy

y

thetal,,
theta2,,
theta3, .

S,gSps« [OT NoON-net gears

Table (see figure...)

Gummy
186.00
36695.00
0.50

Tables (see figures ...

School
192.00
67597.00
0.50

& ..)

School
Male
1583.00
0.17
-1.25
0.00
3.17
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SIMULATION ALGORITHM (POPULATION MODE)

1. Enter Start Parameter Set (see page ?)

2. Calculate preliminary parameters and variables
Length: L, sps« = Ligspse [1 - exp (kg s,-(ags, - t0sp5 + 0-5)} ]
Whole weight: W, g s, = aWgseLospsy ** bWg s,

Selectivity of nets using method of Kirkwood and Walters (1986). For m, = 6", 7", 8™
betag_Sp = -0.5[thetalsp.m8 = (thetalsp**2.mg**2 + 4.theta2sp)**0.5]
alpha g, .beta s = thetalg,.m,

s = (L,ss/lalpha, g, beta o )**alpha, g .exp(alpha g, - L, s s /beta, )

a,8,5p,Sx
3. N,gsps is given by the Initial Age Structure model from Step 1 above. Set y=0.

4.  The user sets a total effort E ., s,- The Effort Allocation model splits this by species:

Eygunot = E,ponsy[Rat, Targ-Sy + (1-Raty).Cy g unoer /SUM{C, 1 g senoat) ]

nyxumnw = Ey.s.bothsp - Ey.s»dwol

5. Natural mortality: M, ¢, = Mp,sp + ¢Ms,-SUM gy, 6)SUMeotg,, 10 32) (Noy spsil) for pup ages (a=0 to aMg,)
M,,sp M, oot pup.sp for post-pup ages (a=aMg,+1 to 32)
6.  Fishing mortality:
Catchability Qygsp = qO,s, + (bqg'sp.y) + qddqg'sp.exp(-kddqg_sp.sunym_pupsums,[Na yspsd))
Fay,g,Sp,Sx — qy,Sp'pg,Sp'Sa,g,Sp,Sx'Ey,g,Sp
7. Total mortality: Z,,sp5x M, sp + sumJ[F, o 5]

8.  Next year’s starting population of fish aged 1+ and above:

Na¢l_y+l,Sp,Sx = Na,y,Sp,Sx'exp['za.y.Sp,Sx]
9.  The catch in numbers in year y:
CNa,y.g.Sp,Sx = (Nsy,Sp,Sx - Na¢ly¢1,Spr)'Fay,g,Sp,Sx /Zay,Sp,Sx

10. The catch in weight (carcass weight):

cwW 0.67.CN,, z5p5¢ Wasp5x

ayg.SpSx =

11. The new-borns N, ., 5,5, entering age-class 0+ in year y+1 are supplied by the Reproduction model

BI

apySp = max[0.0, arg, + brSp.Wa,Sp femalel- Nap y,Sp,female‘fap,Sp

ND,y+1,Sp,Sx = Sumap[BIap,y,Sp]/2

12. Aggregates (e.g. Catch by age-class) and ratios (e.g. CPUE) are calculated, the year is incremented by 1, and the

algorithm then proceeds to step 4 above with a new age structure N, 5,5,
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DEFINITION OF SYMBOLS, INDICES, AND NOTATION USED (POPULATION MODE)

Symbol Definition

Indices

a Age

ap Parental age of female
both-Sp Both species

female Female

g Gear type

gummy Gummy shark

GF Gummy female

GM Gummy male

ho Gear type, hook

male Male

né Gear type, 6-inch gill-net

n7 Gear type, 7-inch gill-net

n8 Gear type, 8-inch gill-net
post-pup Sharks aged aMg,+1 and over
199 Gear type, gear that Kkills post-pups
pu Gear type, gear that kills pups
pup Sharks aged 0 to aM,

school School shark

Sp Species (gummy, school)

Sx Sex

SF School female

SM School male

te Gear type, test gear

y Year

Parameters, Observations, and Symbols

alph a,s,

arg,
aMg,
aWsp 50
Av.Ln
AvLn.All
Av.Wt
beta_g,

bq 8.Sp
brg,
bM;,
bWSp,Sx
Births

BI&NSP
cMSp
Cy.sSp
Catch,a
Catch,g
CN

ay.g.Sp.Sx

Net selectivity parameter related to gear mesh size m, and length of sharks for species Sp (see
Kirkwood and Walker 1986)

Parameter affecting number of births for female of parental age for species Sp

Parameter used in mortality model: "Last age at which shark called a pup"

Allometric growth parameter in the von Bertalanffy growth equation for species Sp and sex Sx
Time dependent variable name shown on screen (see page 1)

Time dependent variable name shown on screen (see page 1)

Time dependent variable name shown on screen (see page 1)

Net selectivity parameter related to gear mesh size m, and length of sharks for species Sp (see
Kirkwood and Walker 1986)

Parameter used to compute g, s, representing increased efficiency over years

Parameter affecting number of births for female of parental age for species Sp

Parameter used in mortality model (density dependence)

Allometric growth parameter in the von Bertalanffy growth equation for species Sp and sex Sx
Time dependent variable name shown on screen (see page 1)

Number of births produced by a parental age-class in year y for species Sp

Parameter used in mortality model (density dependence)

Catch in year y by gear g for species Sp

Time dependent variable name shown on screen (see page 1)

Time dependent variable name shown on screen (see page 1)

Catch in numbers of fish of age a+ in year y for a particular gear g for species Sp and sex Sx



CPUE

CPUE,a
CPUEg
CW

a.y8.Sp.Sx

E
Ey.a.bothP

E y.8.Sp
Effort
fap.Sp
F
F
kSp,S)(

kddq,g,

a,y.8,5p.Sx

'a,Sp,Sx

o

inf,Sp,Sx

3

g

ay.Sp

2R

Pup,Sp

Mpost-pUPSP

z

NO.y‘Sp,Sx
Na.O Sp.Sx
Na Y.Sp.Sx

ap,y,Sp.female

S

Sag.5p,Sx

SpEfirt
tOSp,SX

thetalg,
theta2g

p

theta3g,

Targ-S,

WB Sp.Sx

N

ay,Sp,Sx

Catch per unit effort

Time dependent variable name shown on screen (see page 1)

Time dependent variable name shown on screen (see page 1)

Catch in weight (carcass weight) of fish of age a+ in year y for a particular gear g for species Sp and
sex Sx

Fishing effort

Fishing effort in year y for gear g and both species (gummy and school)

Fishing effort in year y for gear g and species Sp

Time dependent variable name shown on screen (see page 1)

Proportion of females by parental age that are mature for species Sp

Fishing mortality

Fishing mortality for fish of age a+ in year y from gear g for species Sp and sex Sx

Allometric growth parameter in the von Bertalanffy growth equation for species Sp and sex Sx
Parameter used to compute g, 5, (density dependence)

Length of a fish (mm) of age a+ for species Sp and sex Sx

Asymptotic length parameter in the von Bertalanffy growth equation for species Sp and sex Sx
Mesh size of gill-net, i.e. g inches

Natural mortality

Instantaneous natural mortality of a+ age-class fish in year y for species Sp

Instantaneous natural mortality of pups for species Sp

Instantaneous natural mortality of post-pups for species Sp

Number of fish

Total number of births at the beginning of a simulation year y for species Sp and sex Sx

Initial age structure: Number of fish of age a+ in the Initial Year (0) for species Sp and sex Sx
Number of fish of age a+ in year y for species Sp and sex Sx

Number of female fish of parental age in year y for species Sp

Power by gear g and species Sp

Time dependent variable name shown on screen (see page 1)

Catchability

Catchability of species Sp to gear g in year y

Parameter used to compute g, 5, (base value)

Parameter used to compute g, ., (density dependence)

Ratio: Parameter allocating the amount of fishing effort in year y of a particular gear type g to each
species in proportion to catches in the previous year (y-1); values range from 0.0 (effort in same
proportion as their catches in the previous year) to 1.0 (effort split into simple proportions specified
by Target(School) ), e.g. if Ratio = 0.5, half the effort is allocated according to the Target(School)
parameter in year y and half in proportion to the previous year’s catch

Gear selectivity

Selectivity of gear g for fish of age a+, species Sp and sex Sx

Time dependent variable name shown on screen (see page 1)

Parameter in the von Bertalanffy growth equation for species Sp and sex Sx

Net selectivity parameter based on model of Kirkwood and Walker 1986, for species Sp

Net selectivity parameter based on model of Kirkwood and Walker 1986, for species Sp (Variance of
length of fish captured by gill-nets (constant for all mesh sizes), for species Sp)

Additional net selectivity parameter dealing with different possible levels of "ghost fishing", (e.g. the
effects of "bounce-off’, whereby larger sharks not actually caught by the net, are nevertheless killed
by it thus contributing to mortality). Values of theta3 between 0.0 and 1.0 enable user to alter
smoothly and linearly the proportional weighting between the model of larger sharks not being as
vulnerable to small mesh gear as the smaller ones, and the model of all sharks above a certain age
being equally susceptible to the gear

Target (School): Parameter allocating the amount of fishing effort of a particular gear type g to each
species; values range from 0.0 to 1.0, e.g. if Target(School*) = 0.5, equal amounts of effort of that
particular gear type are allocated to both species

Whole weight of a fish (kg) of age a+ for species Sp and sex Sx

Total mortality of fish of age a+ in year y for species Sp and sex Sx
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