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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 SIMULA TOR 
FOR SHARK, TUNA AND GEMFISH". 

(i) 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 gernfish. 



(ii) Funding and contributions 
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The SharkSim software package was created from 

Commercially available software purchased for the projec� 
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 FDT A, have helped fund 
three software development projects as follows: 

AbaSim 
SharkSiml 
SharkSim2E 

Total 

FIR DC 

47,193 
25,000 
20,000 

FDTA 

40,157 
65,000 

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. 

(iii) 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 
is 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 Barrier Reef. The User Manual states that "It was inspired 
by . . .  SharkSim, from the South Australian Department of Fisheries. " 

(iv) 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. 

(R.K. Lewis) 
DIRECTOR OF FISHERIES 
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6 SUM MARY 

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 \FllFRDC_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:IFllFRDC_SIM.REP 
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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:IFllFRDC_SIM.REP 



5 

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. 

1 0  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). 

1 1  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 1 st 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 IFllFROC_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. 

1 2  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 1. 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). 

1 This can be easily simulated using SharkSim. 

C:IFllFRDC_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. 

1 3  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:IFllFRDC_SIM. REP 
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14 TECHNICAL S U M MARY 

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). 

C:IFllFRDC_SIM.REP 
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A PPENDICES 

A Press cutt ings about SharkSim 

B SharkSim 1 User Manual 

C SharkSim 2E population dynam i cs models 

C:IFllFRDC_SIM.REP 
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A Press cuttings about SharkSim 
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2: Fishing for sympathy with computer simulations 

I 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. 

to explain why they believe 
that drastic action is neces­
sary to prevent the col lapse 

� of the local shark popu­
_g? lation. Previous attempts to 
J! convince key participants of 
a the need for change have 
� had little success, but 
� SharkSim has already had 
� positive results. In March. 
� Australia's Commonwealth 
� minister responsible for fish-
5 eries: John Kerin, announced 
� an immediate reduction in 
� shark fishing as an important � step towards a long-term 
;;i management regime. 

� SharkSim has been suc­
CiJ cessful because it gives 
� nonsc ient ists "insights not 
&. numbers". says Sluczanowski. 

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 nets are involved, 
for how long. and the type 
of gear used-to see immedi-

Persuasive model: Sluczanowski predicting the effects of fishing on 
shark popularions 

·'People see, feel and ex­
·perience the evolution of the 

ately the impact on the population struc­
ture. pups. catches and catch rates. 

Early this year fisheries scientists began 

using the model as an educational tool. 
They have visited politicians. policy 
makers and fishermen, using SharkSim 

fishery in time. It moves 
on the screen." he says. It is also fun 
and simple to use. 'Tm using my eight­
year-old as a test... C: 

probability 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 .  an d knowledge is still "fragmentary", says Stevens. 

re lat ively few fish that are caught are o ften not repre­
sentative of the population at large. And ocean- going studies 
are m herently difficult. 

John Paxton. a shark researcher at the Australian Museum 
in Sydney. sums up the problem: "We can·t get down there 
[into the oceanj and be with them all the time. You can't 

put a tag 011 inclivicluals and follow 
t hem through life." 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 callrng for controlled 
fi sheries . protected nursery areas for 
young sharks. shark reserves and an 
international ban on finn i ng . T hey also 
want more research to enable experts to 
de velop detailed conserv ation and man­
agement strategics. But the researchers 
stress that they cannot act alone : they 
need financial. l e g al and political help. as 
well as cuopcrat1on from the public. 
Other wise . 1hcv fc;1r. future conservation 
programmcs--_:-pcrhaps even the forth­
coming US rnntrols----IA·ill fail as badly 
;1.-; .l\ u s t ralia · s ;111cmp1 to protect the 

"' grcv nurs e  sh;1rk. 
J\:lcanwhile. Amtralians and Sou th 

C: 1\ frica11 s cnnti1111c tu dem;111cl extensive 2 
A11i1110/.' 11·c !rl\·1· ''' hof(' _,/;ur/.... cnJ1\t'ITUlio11f\f.\ S£'(' <'d11ca1ing fh(' e11h/i, <'' ,1 '"fl f'' ff/l"!f\ 

hcach 11ct1111g 1lf s h ;1rks Australi;111s net 
he1wecn I ()(1(1 ;111d I SOO sh;1rks e;teh yc;11 

Sh;11t l1k 111,IJlllL's ;1rc ;1 p;1rt1cular mystery There ;1rc 1 ;1s1 
gaps 111 ou1· u11dcr s1;111di11g of the development ;111d reproduc­
tive cyc J e , 11f mo\I species. 

Much ul the 1nform;1t1011 that 1s ;1vailahlc ;1bout shark 
h1olugy ;111d heh;1v1our ha-; come from fish c ; 1ug h1 in be;1ch 
nets. T1> rcllHll'e: sh<irb from areas 11e;1r pu blic beaches. 
c·ou11 1 1·1c s ,uch ;1, .-\ustr; il1 ;1 ;md South f\fric;1 mai111;1111 exte11-
,ll.L' netti1 1 <.:  11n•c:r;1111111c·,_ But 1·csc;1rchc·1·s L·:111 gk;111 onl; 
'p;11·sc· hilll1-•..:!l·;il-111fJ>rr11;1:11111 11·»111 thL·'e' pr11gr;11111111·,_ ;1s the· 

;1nd. accJlrdi11g 111 (ieremy Clill. ;1 biulogist 
on 1h1· Nat;il Slu1·� Bo:1rd. S11u1h 1\lr1c;111s net ;1n ;i1cr;1ge ol 
14fH1 shark' :111nu;1lly. Co1111nc1ng people ol the need to curb 

such ;1L·t11111es rn;1y pnllt ;1 t;ill u1·der for sh;1rk rcst.:drchers. 
some' of 11 hum 111>1Ty that c'l'L'll 1f the puhl1l.-s attitude (i(,es 
sh1f1. the clungc 111;1v prn1c tou little. 100 L11c. Rohen Hcutn 
su111mnl llj' their n111L·cr11 ;11 till' Sydney 111ee1ing. He \h1>1VL'd ;1 
-,l1de· 1>f ;Ill . .\111c1K;tll rtl;1d'-1dc hillbo;11·d. The sic:n w;1' 111tc111kd 
I": .1 'l"''I' e:luh. hu1 til1· 'L'llt11111:111 11 ;1, ;1pl1l;1u(kd h\ till" 
g;11li,·re·d 'e :,·:111•.1' The· 111e·ss;1�e· .. (i1•1•d luck. ,1i;11ts1·· 



Scientific responsibility 
in communication 
FROM: Peter Peterson 

Executive Director 

SIR: 

South Australian Fishing Industry 
Council lnforporated 

Unit 7f70 Walkerville Tee 

Walkerville SA 5081 

I read with some interest the dialogue between 
Or Kesteven and Or Penn 

The sarcasm evident in both letters belies 
the professionalism of both par11es. There is 
no doubt in my mind that Or Penn should have 
addressed the purponed errors of fact and not 
attacke d the mess enge r Furthe r, I find it 
surprising that Or Kesteven should be replying 
in a similar vein_ 

Recent events in the southe rn shark 
fishery l'lave highlighted the need for scientists 
to be bo.th 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 mann er 
until very recent times_ Or Sluzenauski. in 
establishing his shark model. had a primary 
goal of facilitating effective communication 
with industry . Such an appro a ch is to b e  
commended. 

Even if industry does n ot a cc e pt the 
model's f indings it pr ovides an o p e n  
mechanism for meani ngfu l co mment a n d  
criticism. This work has put the scientist's 
cards for the shark fi shery on the table. and 
t ake n the issues out of the ivory tower 
environment. This example is one of very few 

efforts by f isheri es scientists to reasonably 
address the communication gap. 

The po int scientists must note is that 
fishermen do read "Professional Fisherman" 
and like publ icat i ons . but rarely re ad the 
excellent but non communication orient at ed 
academic journ al. Fisheries scientists do 
determine many pe ople's livelihoods and in my 
view are duty bound to expose the ir work in an 
understandable format . in an accessible form. 
as often as poss ib le _ 

VOLUME lJ NO.II 
APRIL 1991 

The'hice of the Ausnolasion Fishing Industry 

PF-5 



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. Our cur. 
rent advice is that a cut in current catch 
levels of between 70 and 80 per cent 1s 
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 1n the degree of catch restriction 
and 1n the speed with which this action is 

taken. 

We know the SharkSim model is not 
perfect - no model ever will be - but 1t 
is our best available representation of the 
fishery. It incorporates most of our pre· 
sent knowledge of the stocks and has 
been useful 1n 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 
1mplicat1ons of their findings to others. I 

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 u nderstand­
ing of the present state of the fishery 

and. used cautiously 1n con1unct1on 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 SharkS1m. 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 lonnes. In the 
same report we said this estimate could 
be wrong by a factor of two. that 1s. there 
may be 18 OOO to 20 OOO tonnes standing 
stock. This qualifier tends to be ignored 
by SharkSim critics. or worse. 1t is taken 
to mean that the yield esl1mate 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 1s higher 
than we have so far judged . the yield 
estimate may not be s 1gnif1cantly 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.' 

Coastwatch needs your help -
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sea. land or air activities 
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or your nearest 
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SHARK IN CRISIS 
G i l l n e t ope ra to rs i n  t h e s o u t h e rn s h a rk fi s h e ry h a ve 
rece n t ly been h i t  by dras t ic  gea r res t ri c t i o n s .  Hoo k 
fi s h e rm e n  a re a lso fee l i n g  t h e  p i n c h  as t h e  

G o vern m e n t a t t e m p ts to red u ce a n n u a l  c a t c h  fro m 

over  35 00 t o n n es to a ro u n d  650 to n n es . 

'A us tra l i a n  Fis h e ries ' i n v i ted i n d us try leaders to 

let  off s tea m .  a n d  th e i r op i n io n s  a re fea t u red in 

' Ta lkback ' (page 1 3 ) .  B u t fi rs t  w e  p rese n t  t h e  

backgro u n d  t o  these recen t  m a nagem e n t develop m e n t s .  

S i nce the early 1 980s scient i sts have 
advised that an annual  catch level of 
2700 ton nes is an appropriate target 
level i f  the southern shark f ishery is to 
be commercial ly viable in the long-term . 
That fig u re has been exceeded every 
year s i nce 1 982,  in s pite of the man­
agement plan i n trod uced i n  1 988 which 
was s pecifical ly aimed at reducing the 
level of catch from around 3500 ton nes 
to meet the target. 

In February this year,  after a concen­
trated p rogram of research, scientis ts 
advised that their earlier estimate was 
optimist ic and that catch levels must be 
reduced substantially and immediately i f  
the decline of the fishery was t o  be 
brought to a halt .  

Scient i sts now consider that the 
biomass of both the school a11d gummy 
shark stocks - which are the main 
species of the fishery - have been 
reduced to less than 30 per cent of their 
o riginal 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 recrui tment , 
as the fecundity of these s pecies 
increases with age. 

Allied with the recent i ncrease in 
research act iv i ty in the fishery has been 
the development of a com p u ter- based 
model of  the f i shery called ' SharkS i m ' .  
Shark S i m  i s  an interact ive g raphics 
software tool which can be used to deter·  
mine and illustrate how school and 
gummy shark populat ions and yield s vary 
with quantity and type of f i s h i ng effort . 

The computer graph ics program of the 
model is based on two highly successful 
models developed by the South A u s ­
tralian Department of F isheries -
'AbaSim' , which s i mulates part of the 
Tasmanian abalone f i shery, and ' PRAna ' 
(Per Recruit Analysi s } ,  a software pack­
age which scienti sts can use for analys­
ing how changes in age at f i rst  capture 
and f i shing effort  affect eggs , catch and 
catch rate per recr u i t .  The shark popu-
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lat ion dynamics p rogram i s  derived from 
the work of scient is ts  Terry Walker and 
Mick Olsen, represent ing 40 years of 
research experience . 

Shark Sim encompasses data on the 
f ishery recorded since 1 92 7 .  It takes 
account of all available informat ion on 
equi pment selectivity, the biology of the 
two species and catch histories . i nclu d ing 
anecdotal evidence from fishermen . It has 
been critically tested for internal consis t ­
ency and has also been assessed by 
independent scientists using alternate 
models.  

This assessment is  continuing as 
scientist s  attempt to ref ine the f i shery 
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 pred ict a number of options for the 
level and t i m ing of future catch 
reductions in the southern shark fishery 
to meet the latest  target levels advi sed 
by scient i s t s .  

The outcomes of thi s model, coupled 
with scient i f ic  advice that catches of 
school and gummy sharks should be 
reduced to less than 1 OOO tonnes.  were 
put before the S outhern Shark F ishery 
Rest ructuring Task Force . which 
encompasses G overn ment and indus t ry 
representat i ves f rom al l southern S tates . 
in February. Meet ings were also held w i t h  
f ishermen i n  Melbou rne. Adelaide, Hobart , 
Port L i ncoln . San Remo and Lakes 
E n t rance to allow them to view 
S harkS 1 m ' s  pred ict ions and d i scuss man ­
agemen t opt ions . T hese followed on f rom 
the i n tense round of Governmen t/i n d u s t ry 
con sultat ions which took place 1 n  1 990 , 
i nclud i ng a series of port  meeti ngs las t  
Augu s t .  

The in i t ial response o f  the Task Force 
to the scient i f ic ad vice and outcomes of 
the model was to recommend a closure 
of the fishery for a three-month period 
while longer term management opt ions 
were d eveloped . 

This response took i n t o  account the 

p reli m i nary n a t u re of the scien t i f ic  asses s ­
ment as wel l a s  the known uncerta i n t i e s  
of  the Shark S 1 m  model. I t  w a s  considered 
that these u ncertai n t ies , even i f  resolved . 
were not  s i g n i f ican t e n o u g h  to warran t a 
major change because of scient i s t s '  ad vice . 

Alternat ive measures to to tal clos u re 
were p roposed by Task Force members 
to accom modate a n u m be r  of  p ract ical 
concerns 

0 M r  Rob Lew i s ,  D i rector of the South 
Aus t ralian Department of F i sheries , 
proposed an annual TAC of 500 tonnes 
to be taken by a l imi ted number of 
f i shermen to provide an ongoing 
source of data to ass i s t  further scien­
t i f ic research. 

0 Mr Dale B ryan , Execut ive Officer of the 
Tasmanian F i shing Indust ry Council, 
proposed an ini t i al ban on gillnets with 
the qualification that some net fishing 
for gummy sharks could be permitted 
in the future if circums tances warranted . 

0 Indust ry representatives f rom South 
Australia (Mr Peter Peterson) and Vic­
toria (M rs Melita P roebstl) questioned 
the validity of the model , but acknowl­
edged that if the scientific advice was 
correct , d rastic act ion was required. 
Thei r final position was to support a 36 
per cent reduction in net s  to be used 
pending conf i rmation of the state of 
the s t ocks .  

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

In terim managemen t 
Taking into account the wide range of 
views from various sectors of the f i shery ,  
and bearing in mind that any measures 
would be tempo rary, the M ini ster en­
dorsed the introduction of interim 
arrangement s which have resulted in a 
reduct ion of around 33 per cent in gillnets 
and con t rols on shark catches by hook 
and t rawl f i shermen ( see A p ri l  issue of 
Australian Fisheries for details) .  These net 
reduct ions , effect ive f rom 1 5  A p ri l ,  are to 
be reviewed when the p reli m inary scien­
t i f ic ad vice has been ref i ned af ter  a t h ree­
month per iod of ad d i t i onal research . 
Results cou ld be available by A ugust 
1 99 1 . 

The Task F orce 1s currently deli berat ­
ing several opt ions for ad1us tment  i n  the 
f i shery, wh ich is now con s i dered a matter 
of  urgency 

For furthe r  i n formation about the southern 
s h ark fishery contact M r  C a m pbel l  
M cGregor,  AFS manager,  S h ark,  Scal lop 
and South East Trawl F i s h e ri e s ,  telephone 
(06) 272 5 1 84 .  



SOUTH AUSTRAL IAN DEPT. OF 
FISHERIES WINS INTERNAT IONAL 
SHARK CONSERVATION AWARD 

B y  B E C C A  S A U N D E R S  

Sc 1cn 1 1 s 1 s  from ! h e  So u 1 h  A us1ra /1 a n  Dcpa n m en t  o f  
F1 s h cncs  won l h e  i n a ug u ra l  $2000 Conserva l Jon Pnze 

a wa rded a 1  c h e  Tal�@nga Zoo 's Sha rks Down Under 
Con ference_ 

S C I E N T I STS fro m t h e  So u t h  A ustra l i a n  De pa r1 m e n t  
o f F i s h e ri e s  h a ve been a wa rded t h e  i n a ugural Taro nga 
Z o o  C o n se r v a t i o n  A wa rd for a co m p u ter software 
pa c k a g e  s e t  t o  re v o l u t i o n i se the  way i n  w h i ch sci e n t i fi c  
a d v i c e  i n O u e n ces  m a n a ge m e n t  deci s i o n s  abou t fi sh  
reso u rc e s _  

T h e  l oca l t ea m ,  h ea d ed b y  
D r  P h i l i p  S l u c za n ows k i  w a s  
c o n i ra c 1 ed b y  i h e  A u s t ra l i a n 
F i s h e r i e s  S e r v ice  to d e v e l o p  
i h c s o ft wa re  1 n  o rd e r  l O  v 1 s u ­
J l l v  c o m m u n i ca t e  s C 1 e n t 1 fi c  
u n d c r s 1 a n d 1 n g o f  t h e  so u t h ­
e r n  s h a r k  fi s h e ry  t o  m a n a g­
e rs a n d  1 0  t h e  p u b l i c  

T h e  c o m p u t e r  m o d e l  s i m ­
u l a  i c s t h e e ffects  o f  fi s h  1 n g 
o n  .; u s t r a l 1 a ' s  s o u t h e r n  
s h a r k  p o p u l a t i o n s  fro m  1 n ­
fJ n t s  t o  fu l l v  m a t u re a d u l t s 
a n d  c a l c u l a te s  t h e  res u l t i n g 
c a 1 c h c s  a n d ca tch  ra t e s .  I t  

t h e n  u s e s  c o l o u red gra p h i c s  
d i s p l a y s  t o  il l u s t ra te t h e  e v o ­
l u t i o n  o f  t h e  fi s h e ry a n d  h o w  
i t s  fu t u re i s  l i k e l y  t o  be a f­
fe c t e d  b y  a l te rn a t i ve m a n ­
a ge m e n t  s t rateg i e s _ 

P r i o r  t o  a t te n d i n g t h e  co n ­
fe re n c e .  t h e  d e v e l o pe rs o f  
t h e p a c k age v i s i ted fi s h i n g  
p o n s  w h e re t hey u sed t h e  
m od e l  t o  e x pl a i n  to  fi s h e rs 
w h y  t h e y  be l i e ve t h a t d ra s t i c  
a c t i o n  i s  n eces sa ry lO h a l t  
t h e  d ec l i n e  i n  t h e  fi s h e ry a n d  
i h e n h o w  t o  re h a b i l i ta t e  i t  
u n d e r  a l t e rn a t i ve m a n age ­
m e n t  a rra n ge m e n t s _  

C o m p u t e r  gra p h i c s  m o d ­
e l s  a / l o " fi s h e ri e s  sc ie n t i s t s 
t o  m a k e  p l a i n  t h e i r ad v i c e _  
T h e y  be l i e ve t h a t  by m a k i n g  
s c 1 e n t 1 fi c  i n t e r p re t a t i o n s  
m u c h  e a s i e r  t o  u n de rs ta n d , 
1 h 1 s  n e w  t ec h n o l ogy w i l l  p l a y  
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J n  1 m rio n a n 1  r o l e  1 n  t h ,· l u  
1 u 1· c _  e n s u r i n g  t h a 1  h a r  v c � h  
a r c k e p i  1 0  s u s 1 a 1 n a b l c  
l e v e l s  

A d e l a i d e  ba sd co m pa n y  
S o ft w a re I n s i g h t  Pt y L t d  
p ro v r d ed i h e  c o m p u l c r s y s ­
t e m s  d e v e l o p m e n t  se rv i ce s  
fo r i h e  p roj ec t .  w h i c h  w a s  
fu n d ed b v  i h e  so u t h A u s t ra ­
l i a n  De pa n m e n t  o f  F 1 s h e r -
1 c s . t h e  F 1 s h 1 n g I n d u s t ry 
R e sea rc h a n d  De v e l o p m e n t  
T r u s t  F u n d  a n d  t h e  F 1 s h e r -
1 c s  D e v e l o p m e n t  T r u s t  
A c co u n t  

D i re c t o r  o f  F 1 s h e n e s .  R o b  
Le w i s .  sa i d  i h a t  t h e  m od e l  
u sed a co m b i n a t i o n o f  o v e r  
fo n y  y e a r ' s  o f  resea rc h i n t o 
i h e  s h a r k  fi s h e ry  by A u s t ra ­
l i a n s c i e n t i s t s  i n c l u d i n g  M r  
A . M .  O l se n a n d M r  T e rry  
Wa l k e r  fro m  t h e  M a n n e  SC l ­
e n ce La bora  w ry a l  Q u e c n  s ­
c l  i ff 1 n  V i c t o ria  

The a i m  o f  the  Co n s e r v a ­
t i o n P n z e  w a s  t o  recog n i se 
t h e  p a p e r  p rese n ted a t  t h e 
T a ro n ga Z o o ' s  S h a r k s  Do w n 
U n d e r  c o n fe r e n c e w h i c h  
m a d e  t h e  m o s t  v a l u a b l e  c o n ­
t n b u t 1 o n  t o  e l a s m o b ra n c h  
c o n se r v a t i o n  C h o s e n  fr o m  
6 4  p o s s i b l e  J> r c s c n t a 1 1 0 11 �  
m a d e  b '  sc i e n t i s t s  fro m  a l l  
o v e r  t h e  " a r i d .  t h i s  .; u s t ra ­
l i;rn  p a pe r  w a s  c o n s 1 c1 ne d  
t he  hc s t  



RAIL LINK PLAN FOR AI RPORT 
TH E  N S W  government has c a l l ed 
for ex press i ons of i n terest  from 
the pri v ate sector to develop a 
ra i l  l i nk from S ydney c i ty to 
the a irport .  At present airport 
us ers t ravel by road, by car ,  tax i  
o r  e x press  g o v e rn m e n t  b u s  
serv ice. 

The expressions of interest 
are to can vass al l options for a 
rai l l i nk from Central rai l way 
station to the airport, including 
ex pansion of an e x i sting goods 
l ine on which contain ers are car­
ried to Port Botany. The cost of 
the new l ink cou l d  be in the 
vicinity of $200m. 

T h e  N S W  M i n i s t e r  fo r 
Transport, B ruce B aird ,  says a 
recent env i ronmental  i m p act 
statement that favoured con­
struction of a third runway at 
S ydney airport, forecast that the 

number of passengers u s i ng the 
airport would rise from the p re­
sent l 4m a year to about 24m in 
10 years . 

A n  i n crease  o f  t h i s  s i ze 
wou ld worsen the already bad 
road congestion between the 
city and the airport.  Trave l l ing 
t imes have been lengthen ing i n  
recent years , b u t  a rail l i nk could 
cut the time to 1 5  minutes .  

A private consort ium com­
pris ing Qantas, CRI Ltd and 
Westpac , has recently prepared 
its own proposals  for a rai l  l i nk 
between the city and the airport. 
B ruce B ai rd says this proposal 
is e x c i t i n g ,  b u t  g o v e rn m e n t  
policy requ ires expressions of  
interest to be cal led. The time 
for lodging expressions of inter­
est close early in November. 

NEW TAXATION OFFICES 
N E W  OFFICES are to be bui l t  

for the Australian Taxation O f­
fice (ATO) in B an.kstown , in 
S y d ney, and C h e rm s i de ,  i n  
Brisbane, as part of ATO 's pro­
gram of modernisation and de­
centralisation. 

The Ban.kstown office w i l l  
h a v e  650 Taxation staff, and 
there w ill be up to 700 in the 
Chennside office. 

Two NSW government de­
partments,  Local Government 

and the S tate Pol l ution Control 
Commission, are relocating to 
Banks town. 

Both the new ATO offices 
will  be of six levels. The B an.k­
stown building w i l l  be con­
structed by Meredith Projects 
and leased back to the Com­
monwealth. It is expected to be 
fi n i shed i n  M ay 1 99 2 .  The 
Chennside project will  be built 
by S ilverton Ltd, and work is 
due to start in February 1 99 1 .  

COMPUTER GRAPHICS I N  THE 
SHARK INDUSTRY 

A COMPlITER-BASED m odel i s  
to  be developed of the southern 
shark fishery using interact ive 
graphics. 

The project is  being under­
taken by the South Austral i an 
Department of Fisheries in col­
laboration with the Victorian 
Departments of Conservation 
and Env ironment,  and a fmn of 
consultants. 

The Commonwealth is  put­
ting i n  $40,000 and the Fishing 
I n d u s t r y  R e s e a rc h a n d  
De velopment Counci l another 
$25 ,000 towards the cost .  

The Minister for Primary ln ­
d u s t r i e s  a n d  E n e r g y ,  J o h n  
Kerin ,  announcing the grants ,  
says using computer interactive 
g raphics wi l l  being a new leve l 
o f  sophist ication to fisheries re-

search, management and com­
munication with industry. 

It w i l l  e n a b l e  i m p ro v e d  
management decisions through 
easier analysis of known fish­
ery dynamics , as sumptions, al­
ternative strategies , risks and 
benefits.  

Using the model,  i t  wi l l  be 
possible to identify combina­
tions of fishing effort, catch and 
size l imits that produce sustain­
able stocks, in contras t to those 
that l ead to stock extinction. 
John Kerin bel ieves the value o f  
the techn ique wil l  be accepted 
quickly here, and wil l  be ap­
p l i e d  in o t h e r  f i s h e r i e s  i n  
Austral ia and overseas.  

The project is to be fin ished 
by February 1 99 1 .  

H ow ca n g ove rn m e nt bus iness 

e nterp rises stay effic ie nt 

without the capita l  ma rket 

p ress u re which keeps the 

p rivate sector on i ts toes7  

The a n swer l i es in  resu l ts-based 

fi nancia l  mon itori ng ,  
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fi nancia l  ta rgets . 
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Government Busi ness 

E nterprises: 

An Econom i c  Fram ework 

It 's  essentia l  rea d i n g  for 

government bus iness 

e nterp rises, govern m e nt 
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private-sector con s u lt ing f i rms. 

C at. No.  90 1 4 1 5 6 $ 1 9 . 9 5  

To order 

Phone you r c red i t  ca rd deta i l s  to the 

AGPS Phone Shop (008)  02  0049 
on l i ne 24 ho urs, 7 days a 

wee k .  C a n be rra customers ca l l  

295  486 1 . 
Mai l  O rder Sa les, Austra l i a n  

Gove rnment P u b l i sh i ng SeNice.  
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N O N  D E C I S I O N  M A K I N G  
Th e  catastrophic situa tion that 
purported ly faces the shark 
fishing ind ustry in Australia is 
l a rgely the result of indecis ion 
and poor communication 

C lea rl y, effort has increased more 
than significantly in that fishery. 
Wa rnings commenced with Mr 
O lsen as early as the 1 950s and 
warnings have been continued 
bv scientists since that time. 
However, a ll such ad vice has 
been accompanied with 
qualifications that the scientific 
conununity might be 1.vrong. 
Such qualifications gives the 
fisheries manager an excuse not 
to address the problem d irectly, if 
at all.  

Accord ingly, scientific evidence 
must be accompanied by 
strength oi commitment and 
clarity of argument. TI1e 
argument must be clearly 
u namb iguous and provid e  a 
clear la vma n ' s exp lana tion of 
work bei ng undertaken. 

Otherwise, the stronges t a rgu ­
ment "'llJ fail for lack of su pport.  
,.\s a person who has been 
in volved in the scientific 
commu ni tv it is cle;i r  to me t h <i t  
m a n v  scien tists hil \'e ;1 
pass1on,1 te tea r oi being set•n tu 
be wrong Tiiere is retlect1on of 
,111 i vory tower men t;i !i tv, in t hil t  
often , ·iews a re qua l i fied or 
"·i t h.held for fea r  o f  peer grou p 
cri t iosm ur t'\'en ostr<icism . 

Such cu nsider;i tion mhibi ts ( >pen 
d iscuss1on ilnd the cleilr 
Stil tement oi ob1ectives ,1 nd 
proceed mgs in a n  inte l l ig ib le  

111 ,1 n ner. Consequent  1 y, 
com m i tmen t to a n <i l y tie<1 !  rt>:> u l ts 
is qua l i fied by the expect,1 tions of 
the academic  C< >m m u n i tv 

M ost fishcric� a rc fu l l y  e x p l o i tc'<.l 
< > r over e x p l ( ) l t ed ,  fr >r i nst,1 1 1 ce, 
the sh,1 rk rishery, the gemfi sh 
rishery, vanou; ma rine Sc-,1 l e  
f ishenes, SCil l lop, de. ;  ,1 11d t h e  
m a m tena nct' o f  resou rce i n  such 
,1 s t a te req u i res a re;1d y rt�p<H1Sl' 
mode faci li ta ted by d i rt'Ct 
commu 11 1ca tlon wi t h  both 
i nd u stry <ind ma nagem e n t  

I n  the shark  risherv we have h ;i d  
40 ye;i rs of worrying. Wh;i t d o  

we ha ve now extreme 
overca pi t;i lisa tion,  an a ppa ren t l v 
worsening problem, government 
ina ction and, worst of ;i ll ,  n o  
industrv confidence. Mcx:! era te 
d ecision making even 1 0  years 
ago would have saved ind ustry 
from the extreme managemen t 
d ecisions that  are now being 
suggested as necessary. 

C O M M U N I CATIO N  
ENHANCEMENT 
The two lead ing examples of 
effective industry and 
govenunent commitment are the 
Western Australian Rock Lobster 
Roadshow and the Annual 
Queensland pra\\rn workshop. 
Both these approaches facilitate 
direct industry input into 
decision making and expedite 
the explanation of technical 
a pproaches to fishem1en. 

South Australia has had tvvo 
outstanding examples of 
effective communica tion by 
scientist-; which ha ve engen­
dered industry confidence tha t 
scientists can communicate in a n  
open and meaningfu l manner. 

The Sharksin1 model d eveloped 
bv Dr r Sl uczanowski and Dr J 
11ri nee has proved to be 
1n , ·aluable. 
l nd ustrv perceives this mod el ,1 s 
berng 'user friendl y' a n d  

f;iciJ i ta tes ii 'la ving the Cil rd s  un 
the  table'  a ppro,1ch Tius recent 
de,·ekipment is <ippl,1uded b\'  
i n d u s trv  ,1s the most com p lete 
rnnu11u 11.ica tion devised as vet . 
ll1is is not to suggest that  the 
1rn>J el i s  endorsed ,  ra ther tha t 1 t  

h,1 s  t ,icili ta ted criticism and in pu t 

l1 \' 1nd ustrv. TI1;it is, the problem 

i s  nL"'' being addressed in ,1 
ma nner that is meaningful to a U  

concerned . TI1e problems, 1 n  t his  
case, a re the  gra ,·i ty t > f  thl'  
s i tu ;i tion in chc Sou t lwm Shzi r k  
Fishery w hich n · � u i rL>s 

1 m m cd i<itl' d c'Cision m,1 ki ng, ,1 nd 
th ,1 t  t lw opportu n 1 tv for ind u stry 

, i nput  is sti l l p<.'rce1vl'<.l to be 
in�u rncicn t .  
Tiie uther t >u tst,rnd ing cx,1 111 �-i le  
t > f  effecti ve com m u n i e<1 tmn hils 

i o ccurred t h rough t l w  b1olog1sts  
servicing the Spcncl'r C u l f  

pr;i 1vn fisher\' � rcpt >rted l y rn w  
of  the bt>st 111,1 ndgt'<.i fis lwnes u 1  
A ustralia . 

I n  this fishery the wmmitrnent of 
a n  ongoing in terf;ice of rese,i rch 
a nd ind ustry h a s  a llowed t he 
recognition by a u  pa rties tha t the 

a nnual ca tch depend s on the 
levels of recru i tmen t , growth, 
and mortality m specific a reas of 
the gulf The profi tab ility 
genera ted by the fishery is 
largely influenced by the level of 
recruitment, biovalue, and costs 
associated with harvesting 
through confidence in 
consultation a nd scientific 
ad vice. TI1e biological ad visers 
have been forthright in their 
advice and have recognised that 
one of the most important 

com1:x:ments in the management 
of a fishery is the ind ustry 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 . Tilis has been 
exemplified by the Spencer Gulf 
prawn fishermen who over the  

last eight years ha ve provided 
vessels and fu nds for resea rch,  as 

\\'eU as pla ving a n  acti ve ro le in 
the cond uct of reseil rch 
management ,  ,rnd ,1 l luw111g ii 
deta i led m<inagement  progr,1m 
stra tegy to be est.1 b l i s lK•d 

Such a deta i l ed  ,rnd e ftt'<:tl \ l' 
progrilm is not pl>ss ib i l• " 1 t hou t 
detailed and eftl'<:t1 , ·e 
ctmu11 u nica tl t >n . 

Regrett<i bl v this \lpen com m u -
11.ica tion has been f;ic1 l i t,1 ted bv 
the vvork of ind i vi d u ,1 i s  ,1 nd 
c:annot be consid ered ,1 genera l 
perspective of the scientific 
wmmu11.itv Non d trection.1 1  
n>Sea rch has a n d  will  con tinue to 
be condemned bv ind u s trv 
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l K £ oihcr Austr3lian prim.Jry in<lu!.Hics. 

-\~<c,.H<.1k1·s fi:;hing indus~ry is in crisis. 
But v.-:'lert wool and wheat are in dire s!r.Jits 

h--:cJ.u~e of slumps in their markt:ts. AustrahJ's 

f1:,h,;;r1cs :ire \1ghiing 3 losing bau!e with the 
cn·.ironmcilt 

Some of r\ustrJiiJ's biggest fisheries. like 
mJny oth~rs oround the world, are ciosc lO 

1.-..uncuon. 
.A!thvt.:gh the issue does not raise the hackles 

of ,he green mo1,1en:ien1 like forestry or mining, 
the environmental 1rnplications of the Govern-

171.:-ni ·s f1s:neries management are jusl 35 
fJr-rc;,ich:r,g 

On<...'1.' ..1g.i1n. the Minis1er for Priman· 
!nrJu>:,lflcS. John Kenn, h<.1s found himsefJ 
,1ruc.!f'!1nt'- 10 strike ,1 bal:.rnct: bctw.:en d,;.·\·dop-
111t·_1H J111J \u:'>tJ1nabd11y. 

fh1s ur.ie. he is ledning very much towards 
:h.: Jdv1i..:~ of scicni:ists who h&ve urged sev~re 

rt'lh ... ctio!":S ln the: c.a(ch from most Australian 
Ci-.t1cr1~':i The l,Hest to come under his scrutiny 

:_~ the ':i(:c..::hcrn shJrk fishery, which extends 
!rorn (.:.h:..:rn V1c1ori<.1 to the wc~tern boundJ.rv 
or South Au:.tralia, including wat~rs o(r 
T J:;mJn1J. 

\1r Kenn \s-·.1.nts lO reduce the annu.JI ca1ch 
by more 1:-ian three quaners. 

ln one ~tspect, this battle is easier th:in some 
:=:•f Ih1.! oth::rs he has fought: (he fishing industry 

1s mJde ~;:i of J large number of boat-owners, 
most v.ith J;..;st one boat. some with 1wo or three. 
lnd_lv_idually, they \Jck political clout: strong 
indivtdua!tsts, they are not strong members of 
induslry groups. 

Although not contesting the general argu­
ments made by the scientists. the industry 
str~rngly contests the detailed predictions, 
which they :i:1y have not been adequately 
researched 

One grim forecast is 1hat if the southern 
shark fishery were shut down today, it would 
tak-e l 5 years to return to a sustalnable level. 

FJced with such figures, Mr Kerin's 
depanment undertook a review of fisheries 
policy, contained in a paper released in 
December )989, New Directions for Com­
monwea/Jh Fisheries Management in the 1990s. 

in H, r-.-'.r Kerin paimed a stark picture: 
"World-wide experience has shown that 
unregulated fisheries generally suffer from 
over-c~pi:~lisaiion and falling produclivity 
and,_wnh increJsing frequency. face the threat 
of biological collapse." 

His announcement in March of severe 
rest:ictions on shark fishing is the latest 
dec,_ston flo,.ving from this new approach. 

Fishermen are furious at the movt!, which 
they say is b:.ised on inconclusive scientific 
evidence and will devastate the industry. 

For Mr Kt:rin. however. il is the kfnd of 
di!s.p,er..tte ~casure n_eeded in an industry he 
believes will otherwise face extinc1ion. 

lt is _an nample_ofthe need for principles of 
eco!og1ca1ly sustainab~e development - and 
also of the problems ·in applying them. , 

In the southern shark fishery, the annual 
cotch needs to fall to between 500 and 800 
tonnes. down from tts r'.!cent annual level of 
3,500 tonnes, Mr Kerin says. 

His firsr s1c:p is much more modest - a 
reduction of :.ilmost a third in the number of 
nets fishe-rmen are allowed to use. 
. Even this would be a severe cut in any 
industry, and 1he fishermen insist it will be 
enough to bring the shark catch down to 
sust:Ji-n::i.ble !,:vels. 

Mr Kcrin·s advisers disagree. H'c' has tried to 

meet some industry concerns by looking 
runhi.::r ;i.t_ 1he :.cicm~flc evidtnce on the fishery. 
~ut offi(1 . .ds \..'\Jim the 30 per c-em cut is not 
l1kdy to reduce the catch at all, as fishermen 
wit! s.impl; _in~reJse lheir fishing effort to 
n1Jin(J1n 1hc1r incomes. 

l h,:r1.: ;::- !11tk doubt Mr Kain will introduc1.• 
mulh t1:11?-hcr measures by the end ~f the year. 

Th .. • 11:.n :;hops or Mt.'lbourne. which use the 
bull._ 01· ~;;e ~h~rk pr-oduccd rrom tht'.' fishery, 

,..,d\ bi: :-:rc~J to rind alternative sources of 
sh.iri-.. rr,eJt \known as !Jake) or use other 
~pee,,.·~: ~rici.::s will rise. 

Hu! LJr the 250 G:i,herma1 and their families, 
the ri:str:.::tions v.ill bring much more drastic 
ch~nge. '\1any face financie-1 ruin: many will be 
dn\·en f~cm 1he industry. 

The pre'sidcnt of the Victorian Fishing 

1:idusiry Federation. Mrs Mtlita Proebstl, says 
!here is r.v doubt the industry faces bad i.imes. 

··Wh;:11 ;.,.·c·re asking for is at least 10 be 
m.ikin.g. sure that we're making thest di;:cisions 
on sowr.d adYice, .. she said. 

--w,re not disputing the fact that. there 
needs ro be a reduction in fishing, but We are 

concerned about the level of the reduction." 
The problem, says Dr Philip Sluczanowski of 

Governmenf is taking tough steps to tackle the fishing 
industry's development-versus-sustainability 

dilemma. ROBERTGARRANreports. 

I 
I 
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the South Australian Department of Fisheries, 

is that fish are often harvested on a large scale, 
using poorly controlle<l hunting:operations, 

The issues facing the southern shark. fishery 
differ only in the details from tbose_.-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 <lifferent 
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 offish 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 
grea< as to reduce fish populations beyond the 
threshold where an ever-increasing fishing 
effon was needed to mafotnin a· catch of a 
given size, 

ln 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 wuthern shark fishery, 
scientists believe the population is down LO 
about a seventh. lf fishing continues at present 
ra_tes, 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· 
modds. past errors in fishery management. 
and their tack of control over the proposc:d new 
msrnag.eme~t regimes. 

The shark fishery developed during World 
War ii. when shark oil was ust:d as a substitute 
for cod-liver oil which had b~comc scarce. 

Shark meat was sold in the Melbourne fish 
markets as flake, and quickly became the sc.iple 
of the local fish _shops. 

By the late 1970s, fishermen noticed their 
catch rate for a given amo-unt 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 10 

tackle the supposed problem. As far as the 
fishermen were concerned, even though it took 
more effort and tmprovemems in technology, 
they were able to continue making a living. 

The la_test step has been Mr Kerin 's 
announcement of reductions in net allowances. 
Now his ··officials are negotiating witti the 
industry over the next measure - the 
introduction qf 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 pan 
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, whe_re 
foreign fishermen had been trying to boost 
their efforts in Australian waters. 

The industry's response to the crisis - 001 

just in the shark fishery, but in moM fisheries 
around Aus1ralia - 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 hav, 
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 ~dviser. There is confusion 
of advice ut the scientific level. They're trying 
to apply rules, and trying to use the States to 

police them, but l! hasn't worked. 

'"You should be making decisions on the 
basis of the majority view. But there's argum~n1 
in the scientific community as to what"s th~ b-cst 
scientific view." 

TTACKS on the veracity of 1hc 
cakuialions used by the scientists advising the 
Governmi:nt have been the industry's other 
main tine of defence ... Uk.e a lot of scienriftc 
advice. yt}u have to have more accurate data. 
In the case of shark fishery, the d.ita is 
questionable,"' Mr Townsend said. 

Dr S!uczanowski rejects the anacks on his 
forecasts, which have formed the basis of the 

Federal Government's latest decisions on thl! 
shark fishery. 

His job, he says, is something like thar of a 
wea.t~er forecaster. ··People have to make 
dec1s1ons based on the best information they 
have to d•te, There will alway, be uncertainty. 
But you have to weigh up the probability of 
betng wrong compared to the consequences of 
not taking action. . · 

"We can say we are pretty certain where the 

rishery ts at, but i can·t predict the cxatl !eve! 
of next year's -catch very v.itH." 

N~vcnhfieu Dr Siuczar.ow5k.i's forecests, 
based O" complex COf!tpuler models that t:itke 
account of the rc.-pioduc(ion rate. age structure 
and historical catcbe-1, are chilling. 

lf the southern $hark fi.shery were shut down 
now, it would take l Sy-ears to return to half lts 
original biomass - taken to b-e the l:vcl of 
maximum sustainability, at wh-tch the gre~test 
possible <:i!tdi could continue indefinitely. · 

With a quota limiting the catch 10 800 tonnes 
starting no\,f~ ·the .fishery could manage for 25. 
years, but Would then collapse. 

Even one, year's dosure of the fishery can 
make a big difference. Using the same 
800-tonne quota. but with a year's dosure. rhe 
fishery would reach a :sus.tain11ble level after 25 
years, Dr S!ucz.anowski has found. , 

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

Until the !950s, regulation of the fishing 
industry in Australfa was minimal. In those 
days, il seemed there w~s no limit to the fish in 
the sea. and anyone who asked would be 
gramed a licence. 

The second phase in fishery management has 
been called an era of .. regulated inefficiency". 
h began with the realisation thJt fish stocks 

would be depleted unless some controls were 
established. So to try to limit the ca{ch, various 
restrictions were placed on the gear fishermen 
could use. The-re were limits on the engine size 
of fishing boats and on the numbers of nets,_ 

Not surprisjngly, fishermen were keen to 
maintain or increase their catches and their 
incomes; 3nd so various ways were found -to, 
circumvent'_th-e. restrictions .. The most obvious.·· 
was simply to work harder, Also, technologic~F 
improvements boosted their catch, despite the 
regulated restrictions on pr.oductivity. :\ 

Under the latest management phase, domi­
nant since. the mid-l980s, the problem ii 
tackled by setting quotas on the amount of each 
species or fish that can be caught. · 

This approach, too, has a drawback: it is 
more difficult to implement, requiring greater 
understanding arid knowledge of fish popula­
tions. and is more difficult io enforce. Instead 
of simply checking the size of a fisherman's 
boal 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 lhat mukcs 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 witR a direct and 
immediate interest in ensuring the iong-lerm 
viability of the industry. ·' 

lt is in ench fis:herman's short-Ierm int~rests 
to harvest as many fish as possible, regardless 
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 lish they leave 

'behind. · 
"When resources belong to nobody, nobody 

w,ill look after them: when resources belong to 

everybody, everybody must look after them," 
the paper argues. . ·. 

A key recommendation is that, whcrC 
possible, "individual transferable quotas"· 
should be introduced to eswblis.h something 
close to ownership rights over fisheries. ·,, 

These lTQs. have been introduced in severnl 
fisheries. atong with pb.ns 10 reduce the 
numbi:r of fishermc-n by subsidising their exit 
from the industry. 

The paper also advoc:.Hes the use of J 

resource rent tax for fisheri<.'S. ··w colle<'t an 
appropriate chargl..' from indi\·idual fishermen 
~'\ploiting a communi1y rcs0urct:: for private 
gain·· ;:; 

The industry contests th!? vinue of this 
proposal, which it says ignon.·s the huge 
investm~nts fishermen hav<: m;1tk in the: 
industry with no continuing rights or :J-CCC?S 

to fisheries. , : 
On July I, negotiations for the RRT will; . .a-,c 

become the r_esponsibi!ity of u new Australian · 
Fisheries Management Authority. which ~ns 
been set up to counter _the industry's • ' 
plaints of bureaucratic inefficiency within'Jtie 
present Australian Fisheries s~rvice, a divisio:n 
of the Department of Primary Industries and 
Energy. ·s 

The new authority may well improve· the£: 
administrative efficiency and management .of··. 
the industry, The fundamental problem ·:or,, 
fisheries remains. however: it la. an over·\· 
exploited resource which requires strict and ~-~£_~:\ 
unpopular management decisions if it is ·to , · 
return to sustainability, 



A bioeconomic model of the southern 
shark fishery 

The b i oeconom i c  model  of the s o u t h e rn s h ark fi s h e ry d e v e l oped i n  

A B A R E  d r a w s  o n  t h e  b i o l o g i c a l  re l a t i o n s h i ps deve l o ped b y  O l se n  ( 1 9 84 ) ,  
W a l k e r  ( l 99 l b ) a n d  t h e  S o u t h  A u s t ra l i a n  Departme n t  o f  F i s h e r i e s  ( 1 99 1  ) .  
O n to t h e s e  b i o l og i c a l  re l a t i o n s h i p s  are i m posed the econom i c  and p h y s i c a l  

fe a t u re s  t h a t  affect  a n d  a re a ffected by fi s h e ry managem e n t  dec i s i o n s .  The 

model  c a n  be used to e x am i ne the i m pact o f  var ious management o p t i o n s  

o n  both t h e  p rofi t ab i l i ty o f  t h e  fi s h e ry a n d  t h e  b i o l og i c a l  s tate o f  t h e  

fi shery .  

Pre v i o u s  b io logical  mode l s  o f  the fi shery have been very usefu l in  

h i g h l ight ing  the need for u rgent  act ion to protect the  resource . I n  part i c u l ar ,  

the ' S h arkS i m '  mode l ,  deve l oped by the South A u stra l i an Departmen t  o f  

F i s her ies  ( 1 99 1  ) , h a s  captured t h e  attent ion  o f  both i n d u stry a n d  managers . 

The mode l s i m u l ates the d y n a m i c s  o f  the schoo l and gummy s h ark stock s  

i n  the southern shark fishery .  T h e  major s trength of S h arkS im is  that i t  

i ncorpo rates i n teract i v e  grap h ics  software that g i ves a p ic ture of t h e  

complex interactions  and dynam i c s  o f  t h e  fi shery . T h e  mode l c a n  be u sed 

to demonstrate how the stock s tructure a l ters in res po n se to d i fferent types 

and leve l s  of fis h i ng effort.  
• 

The ABARE model 
W h i le it is an effect i v e  too l ,  S h arkS im can o n l y  be used to est i mate the 

consequences of appl y i n g  g i ven amou n ts of fish ing effort i n  a fi x ed 

seq uence. I t  can not be u sed to est imate the best  sequence to ach i eve 

certa i n  object ives,  except thro u g h  trial  and error. Further, i t  excl udes the 

effects of management d ec i s ions  on the econom ic perforrnance of  the 

commerc i a l  operators in the fi s hery . The A B A R E  mode l ,  i n  contrast ,  i s  an 

opt i m i sat ion model ,  wh ich means that  i t  can be used to max i m i se a g i ven 

v ar iable ,  s uch as profi t ,  s u bject  to a set of  constrai nts  i m posed in  the  

mode l .  I n  th i s  case , the model  i s  u sed to est imate the  n u mber and ty pe o f  

boat s ,  t h e  type of gear u s e d  and t h e  t i m i n g  o f  fi s h i n g  ( that i s ,  w h i c h  years 

the  boats fi s h )  that  m ax i m i se t h e  net present va l ue of e i ther  p ro fi t s ,  gross 

m arg i n s  or  revenue over t ime u nder the  constra i nts  i m posed b y  the s t o c k  

a n d  m a n agement act i o n .  

B ioecnnomic model of sourhern shark fishery 

Sean  Pascoe , To n y  R a t t a �lene  
a n d  Dav id  C a mpbe l l  
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CO S T  f4 E CO V E R Y F O R  M A N AG I N G  F I S H E R I E S  

T a b l e  G 1 3  p rese n t s  t h e A FS b u d ge t f o r  t h e f i s h e ry . fo r 1 h e pe r i od 1 988 1 0  
1 99 1  T h e  m a n age me n t l e vy  c h a rge a p p l i ed pe r u n i t  i s  ca l c u l a t e d  by d i v i d i n g 
t h e c.: s t i m a t e d  m a n a ge me n t l evy by t he es t i m a t ed  n u mbe r of u n i t s  1 h a 1  w i l l  
p a y  1 h e l e vy .  T h e  l e vy  c h a rge i s  t h e n  ro u n d e d  1 0  t he n e a res t $ 1 0 . 8e c a u se t he 
l e vy is b a s e d  o n e s 1 i m a 1 e s .  o f  bo t h  cost  ;i nd n u m be r  of u n i t s . i i  is a cq u i 1 1 c d a l  
1 h c r n d  o f  1 h e f i n a n c i a l y e a r .  Th i s  re s u l t s i n  a d e f i c i t  o r  s u r p l u s  ca r ry -ove r 
i n t o  1 h e fo l l ow i n g  fi n a n c i a l  y e a r .  

Tot a l  A F S  re i m b u rse m e n t s 1 0  1 h c  S l a t e s fo r s u rve i l l a n ce fo r 1 990 - 9 1 
a m o u n t ed 1 0  $ 280 702 .  O f  t h i s .  So u t h  A u s t ra l i a  rece· i ve d $ 1 03 000 . V ic t o r i a 
$ 7 3  OOO a n d  Tas m a n i a  $ 1 04  404 .  

Research and logbooks 
S c i e n t i fi c  rese a rc h  is  u n d e r t a k e n  m a i n l y by S t a l e  f is h e r i e s  age n c i e s  i n  
T<i s m a n i a . S o u t h  A u s t r a l i a  a n d  V i c t o r i a .  Th e Sou t h e r n  S h a r k Assess me n t 
G ro u p b a s e d  a l t he M a r i n e  Sc i e nces  La bo r a t o r i e s  ( M S L) i n V i c t o r i a  
u nd e rt a kes t h e  co l l a t i o n  a n d  a n a lys i s  o f  l ogboo k d a t a f o r  t h e fis h e ry .  CS I R O  
D i v i s i o n o f  F i s h e r ies  a lso u n d e rt a k e s  some s h a r k  resea r c h . The So u t h e r n  
S h a r k  Research  G ro u p  ( SS R G )  i s  a n  u m b re l l a o rga n isa t i o n  w h i c h  b r i ngs 
t oge t h e r rese a rc h  age nc ies  u n d e rt a k i ng s h a r k  rese a rch  a n d  p rov ides  sc ie n t i fi c  

.
adv ice t o  Gove r n m e n ts a n d  t h e  so u t he r n  s h a r k  fishe ry M A C  ( S S F M A C ) .  

Rese a rc h  i n to t h e  sou t h e r n  s h a r k  fis h e ry h a s  l e d  to t h e  deve l o p m e n t  of  
S HAR K S I M ,  a co m p u t e r  mod e l  of the fishery,  i n co rpo ra t i ng c a t c h  data s i n ce 
1 92 7 ,  a n d  b i o log ica l  i n fo r m a t i o n  of schoo l  a n d  gu m m y  s h a rk .  It a lso takes 
i n to acco u n t  ava i l ab l e  i n fo r m a t i o n  on fis h i ng ge a r  se lect i v i ty .  The model  was 
deve l o pe d  by Software I ns i g h t  P ry  Ltd for t h e  Sou t h  Aust r a l i a n  Department  
o f  F i s h e r ies ( S AD F) u nd e r  the  coo rd i n a t ion  o f  SADF i n  co nj u nct i o n  w i t h  the  
M S L  and su ppo r t e d  by FIRDC and FDTA gra n ts .  S H A R K S ! M  h as been 
used t o  est i m a t e  s u s t a i n a b l e  y ie lds a n d  b iom ass est i m a te s  for the fi shery 
( re fe r  t o  sect i o n  'S ta tus  o f  t h e  fis h e ry ' ) .  W h i le S H A R K S ! M  is  t h e  best 

ava i l a b l e  m od e l  o f  the fis h e ry ,  i t  has l i m i t a t io n s .  R e i c h e l t  a n d  Ti lzey ( 1 99 1 ,  
p . l )  n o t e :  

2:-0 

SHAR K S I M  is a u s e fu l  Too l  fo r p r e d i ct i ng t h e  e ffec T s  of c h a nge s i n  ca t c h  leve ls ,  
r e c ru i t m e n t .  and so on, bu t  does  n o T  a l l ow a ful l  a-'s e ss m e n t  o f  u ncerta i n ty i n  such 
e s t i m a t e s .  

C O S T  R E C O V E R Y  F O R M A N A G I N G  F I S H E R 1 E S  

T h e  Sou t h  A u s t r a l i a n  S h a r k  F i s h e r m e n ' s  l\ s s < l c 1 ;1 1 1 0 n  ( S A S F A ) .  be l i e ve s  1 h a 1 
s h a r k  s t ocks  a r c h i g h e r 1 h ; 1 n S I  I A ll. K S I M c· , 1 1 1n a 1 0  1 11ll 1 e< t l e .  The S l\ S F I\  
s u b m i t t e d t h a t  t h e d a t abase  o n  w h i c h  1 h e co rn p u 1 c r  mode l i s  b a s e d  d oe s  n o 1  
i nc l u d e  d <1 t <i f r o m  west  o f  K <i nga roo I s l a n d  ;i n d  t h ;1 1  c a t c h e s f r o m t h i s a r e a  
re p r e se n t 8 0  pe r ce n t  o f  1 h c 1 0 1 ; i l  So u t h  A u s l r <i l i a n  ca t c h  R e i c h e l t  ( pe rso n a l  
c o m m u n i ca t i o n  1 99 1 )  co n n: d c s  1 h a 1  1 h e m od e l  d oc s  11 0 1  i n co r po r a t e  t h e  
fis h i n g o f  n e w  g r o u n d s  1 o w;i r d s  1 h c w c .s 1 . b u t  i n d i ca t e d  t h a t  p re l i m i n a ry  

e v id e n ce o f d e c l i n i n g s h a r k s i ze a n d  ca t c h  pe r u n i t e ffo rt i n  1 h e w e s t e r n  a r e a  

i n d i ca t e s  t h a t  t h e a d d i t i o n  o f  d ;i t a  f ro m 1 h 1 s  a r e a  w i l l  n o t  g re a t l y a l t e r  t h e 
S H A R K S I M  b i o m ass es t i m ; 1 1 e s .  l l owcvc r .  he c l a i m e d  t h a t  t h e a d d i t i o n  o f  
t h ese d <J l <i i s  a h i g h r l' sc ; i r c h  p r i o r i t y .  w h i c h  w i l l  i m p r ove t h e m od e l \ 
p r e d i c t ive  ca pa b i l i t y . 

S o m e  s h a r k fis h e r m e n  p r o v i d e d  < 1 n c: cd o 1 ;d e v i d e nce  f ro m  t h e i r  o w n  c a l e h  

h is t o ry t o  s u p po r t  t h e i r  c ;-i s e  t h a t S I  I A R K S I M  b i o m a ss e s 1 i m a 1 e s a r c 1 00 l o w .  
H oweve r ,  R e i c h e l  I a n d  Ti l zc y  ( I  'l'J I .  p .  l )  w ; 1 r n  1 h ; t t 

S h o r 1 - 1 e r m  c h a nge\  i n  ca 1 c h  r a t e s  a r c  rn 1 1 l e a d 1 n g I n  T h i \  f i s h e ry o n l y 1 h e  l o n g  1 e r m  

c a 1 c h  d a t a  s e t  s h o u l d  b e  u s e d  1 0  a.\ \ e s s  fo h e ry  1 r e n d s  a n d  1 h e n  u s e d  wi t h  c a u 1 1 o n .  F o r  

e x a m p l e .  a n y  schoo l i n g  be hav iou r (o r  0 1 h e r  form o f aggrega t i o n )  by t h e  s h a r ks ,  o r  a n y  

i ncre ase i n  e ffi c i e n cy  by t h e  f i s h e r m e n  1 n  t e r ms o f  l oca t i n g s h a r ks .  wi l l  r e su l t i n  ca tch  

ra tes  be i ng an  op t i m i s t i c  i n d 1 ca 1 o r  o f  ' 1 <K k  a b u n d a n ce 

Financial  performance 
ABAR E  u nd e rtook a fi n a n c i a l s u rvey of  1 h e so u t h e r n  s h a r k  fishe ry fo r t he  
1 988-89 fi n a nc i a l  y e a r  ( C a m p be l l  e 1  a l  1 99 1 ) , a n d  t h e fi n d i n gs are  presen ted 
in Table G . 1 4 .  A B A R E  w i l l  u se t h e  res u l ts of  t h e  s u rve y  t o  assess t h e  
poss i b l e  e co n o m ic i m pac t o f  v a r i o u s  m a n a ge m e n t  p r o po s a ls .  Th e r e t u r n  to 
fu l l  equ i ty is ca lcu l a t e d  o n  the ba s i s  of  t o t a l  rece i p t s  from the d i ve r s i fied 
fis h e ry .  A m aj o r i ty o f  t h e f i s h e r m e n  w 1 1 h A6 a n d B e n d o rse m e n t s  a re not 
fu l l y  d e pe n d e n t  o n  the s h a r k  c a t c h .  Th ese fi s h e r m e n  m a d e  a re t u r n  to fu l l  
eq u i ty w h i c h  was fa r l e ss t h a n  t h e i n n <l l i o n  r a t e .  O ne i m p l ica t i o n m ay be t h a t 
t h e  be low average ret u r n s  of t h ese  fi s h e r m e n  m a y  be d u e  to t h e  poo r  
pe rfo r m a n ce o f  t h e  o t h e r  fi s h e r i e s  o n  w h i c h  t h e y  de pe n d . 

Ca m p be l l e t  a l  ( 1 99 1 ,  p . 5 ) co n c l u d e t h a t  
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Model approach to conservation 
S H A R K S  are less d a n ge ro u s  LO 

peo p l e  than p e o p l e  arc w sharks  
D u r i n g t 1 1 e  s i l l y  season s h ark scares 
are good co py . E v e ry b ody 1s scared 
o f t h e m . a n d  d e s p i te t h e  fact t h a L  
inj u ry or  d ea th f r o m  attack i s  f a r  
l e s s  l i ke l y  th an f r o m  j o g g i n g .  e v e n  
norma l ly respons i b l e  pohce s e e i n g  
on e f r o m  a h e l i co p te r  w i l l  b l aze 
away l i k e a i rborn e cow boys .  

I t  LS o f ten poin te d o u t  t h a t  pe o p l e 
eat more s t1arks than s h arks eat 
pe o p le . But t h e  v e ry s u r v i v a l  o f  
some s pe cies o f  s h arks is  th re a t ­
e n e d  by people  e a ti n g t h e m .  S pe c 1 f 1 -
cal l y .  t h e  s h ark po p u l ation i n  
A u s tr a l i a · s  s o u th e rn s h a r k  f i s h e r y  
h as d w i n d l e d  to dange rously low 
le ve ls owing to o v e r fish i n g ,  a n d  
co u l d  disappe ar u n less u r ge n t a c ­
tion i s  taken .  In sh o rt . V i cto rians 
and So u th A u s t ra lians are go in g to 
have to mode rate t h e i r  appe tite f o r  
f i s h  and chips.  

That very use f ul gove rnment re­
search body. the Australian Bureau 
of A gricul tu ra l and Resou rce Eco­
nomics (ABA RE) which is at pre­
sent conductin g its annual O u tlook 
conference in Can b e rra. h as  d e v­
oted considerable atte ntion in re ­
cen t  times to the fishing indu stry 
and its economics . Now it is com­
mon to talk about " aq uacultu re " .  
and even " aq u ac u ltural economics " . 
Fishing is big business, and could in 
the future become an e v e n  more im­
portant resource for A u stralia. B u t  
there a r e  very important issues of 
the e nvironment and conservation 
to take into account. 

Every time 11  visit one of the res­
taurants in Robert Campbe l l ' s  
be au tifu l ly restored old warehouse 
in Sydney's Rocks I reflect on this . 
For this is a mon u me nt to unwise 
marine exploitation. Many people 
are not aware that Campbell built 
his wealth on Austral ia's first im­
portant export industry - seal f u rs 
and oil.  Within a fe w years the once 
abundant seals which ran ged the 
coast north and s o uth o f Sydney. 
and basked o n  the harbour fore­
shores. were v irtually totally w i ped 
out.  

Nobody coos and sen time n tal ises 
abo u t baby s harks - b u t, these 
days, they" are in much more dan ge r 
than baby se als. 

ABARE's latest study is e n tit le d A 
B i oeconomlc Model of the So u th e rn 
Shark Fishery, an d i t is a fascinat­
ing exam ple o f  how biolo gical and 
economic kn owledge and ana l ys is 
can be com bined (ABARE research 

· report 92. 1 ,  by S e an Pascoe, Ton y 
Battagle ne and David Campbe l l ) .  

T h e  southern s hark fishery in­
cludes the wate rs to the s o u t h  of  
S o u th Australia. V ictoria an d Tas­
man ia . Two main spe cies of sh arks 
are ca u ght . c h i e fly by gi l l - net or 
hook : school and gummy s harks . 
tho u gh 15 per cent of the 3000 
to nn es carcass we ight caught in 
1990 consisted oI othe r s pe cies,  su ch 
as the common saw shark, southern 
saw shark, ele phan t fish and ·an g e l  
shark. T h a t  catch was valued at 
over $15 mill ion . Thus it is n ot a 
very big industry . , 

M c G U I N N E S S  

Ear l i e r  e c o 1 1 0 1 1 1 1 c  w u r k  b ,- A B A R E 
has s h o ,,· 1 1  t 1 1 a t  p ro f 1 La b 1 l 1 1 _, 1 n  L h e 
ind u s L r 1 ·  \1·as l o w  a n d  rn u c l 1  o t  t i l e  
f l e e L  i m· o h · e d  w as m ak 1 1 1 g  l osses  
E v i d e n c e  o n  t h e  d w m d l 1 1 1 g  s l 1 a r k 
po p u l a u o 1 1  m ad e i t  c l e a r  t h a t  u n l e s s  
t h e  ca tc l 1  \\' as d r as t ical ly  re d u ce d  
t h e  1 11 d u s L ry w o u l d  face co l l apse . 

It is n o L  e asy to o b tain f i r m  i n f o r ­
ma u o n  on t h e  s h ark pop u l a t i o n .  
B u t  b i r t 1 1  ra L e s o f  sharks .  the i r  L ime 
to  matu n l 1· o f  both s e x e s .  t h e i r l i f e ­
spa n a l l f e e d  i n to t h e  mod e l . T h e  
"Sl1 a r k S 1 m  .

. 
b i o l o g ical m od e l  o f  t h e  

S o u t h  A u s t ra l i an D e par t me n L o f  
Fis h e r i e s  e s t i m a tes the n u m b e r s  o f  
shar k s i n  e a c h  a g e cohort.  u p  t o  1 6  
years a n d  o v e r .  G ro wth rates a n d  
u l ti mate s i ze s  are factored i n .  Th u s  
male g u m m y  s h arks ten d  t o  a maxi­
m u m  l en gt l1 of 1 3 87mm a n d  f e m a l e s  
20 19mm. ( S c l1 0 o l  s harks , with simi­
lar s i ze s  o f  m al es and femal e s .  tend 
to a l e n gth of 1 60 0 m m . )  A ge o f  sex­
ual mat u ri ty is also take n i n to ac­
cou n t . with only a small  pro po rt io n 
of gu m m y  f e m a l e s  bein g mature b e ­
fore t h e  a g e  o f  n in e y e a r s .  a n d  of 
school sharks be fore the age of 1 2  
years . 

' Eco n om i cs a n d  
b i o l ogy ca n m es h ' 

The phys ica l elements o f  t h e b i o ­
econ o m i c  m o d e l  are the e q u i p m e n t  
constrai n ts o f  t h e  f is h i n g f l e e t  -
numbers of boa ts . gear u s e d .  s i ze o f  
net m e s h .  e tc . 

The econ o m i c  e l e me n ts are c h ie f l y 
deri v e d  f ro m  1 11 f o r rn a t i o 1 1  on the  
Mel b o u r n e  mar ke t .  I w as s u r p r i s e d  
to learn h o w  l l i g l l  t h e  p r i c e  o f shark 
is  - a bo u t  $6 a k i l o w h o l e s a l e  - a n d  
that t h i s  1 s  n o t  m u c h  a f fe c ted by va­
ri atio n s m tl1e s u p p l i e s  a v ai l a b l e .  
B u t  as l l 1e  r e p o r t  observes .  a v e ry 
great re d u c t i o n  in a v a i l a b l e  s u p p l i e s  
migh t a f fect t h e  price s u bstan t i a l l y .  
H o w e v e r .  b l u e  g re nad i e r appe a r s  t o  
be an a cce p ta b l e s u b s t i t u te f o r  
s h ark . 

Esse n u a l l _1- . t h e  re port p u ts lo­
gethe r  v.· l l a t  i s  kn o wn .  as well as a 
certam a m o u n l  of w hat is u nce r ­
tain . abo U L  the s i ze and rate o f  re ­
place me n t  of s h a r k po p u l ations.  to 
concl u d e ll1 a t  d ras tic action (some 
of  wh ich w as rn i l iated at the end of 
1990) is n e ce ss a ry i f  Me l b u rn i ans 
are n o t  w be per m an e n t ly de prived 
of their  favourite  f lake .  

The best op tio n w o u l d  be s i m p l y  to 
close down tt1 e f is h e ry f o r  a pe riod 

o t  f ro 1 1 1  e i g l 1 t  to 12 y e a r s  - l o n g  
e n o u g h l o  a l l o w  a r c p l e n i s ll m c n t  o f  
sC ' :-: u a l l 1  rn a L U r c f e m a l e s .  B u t  t h e re 
1 �  d o u b t  a tJo u t  t i l e  " " re c r u 1 u n e n t " ' 
r a te 1 1 1  Lo L 1 1 e  s h a r k  po p u  l a u o n .  1 1 1  
p u r e l y  b 1 o l o g 1 c a l  t e r ms .  t h e  l o w e s t 
r i s k  s t r a l c g y  w o u l d  be to c l ose d o w n  
t l i c  1 1 1 d u s L ry B u t  i f  the poss i b i l i ty 
e x i s ts L h a l  L i l e  s h a 1-k po p u l a u o n h as 
s u b � t a n u a l  re g i o n a l v a n a u o n s .  a n d  
L l 1 a l  b r e e d i n g  s to c k  i s  rec r u i te d 
f ro m  1 1 0 1 1 - f 1 s l l e d a r e as i n to f i s h e d 
a r e a 0> .  t h e n  s u c h  d r as L l c  act i o n 
1 1 1 1 g l 1 l  1 1 0 1  be n e cessary . 

H O \\ C \  e r.  L i l e  · · constan t re c r u 1 t -
1 n e 1 l l  o p u o n  wo u l d s u l l  r e q u i re a 
d r a s u c  red u c u o n  u1 t h e  a m o u n t  o f  
s l 1 a r k  La k e n  - t o  abo u t h a l t t h e 1 990 
c a tc l i .  T h i s .  c o m b i n e d  with c are f u l 
m o rn to n n g  to les t t h e  v a l i d i ty o f 
t i l e  ass u m p t i o ns a bo u t re c r u i tm e n t  
i n to th e s h a r k  f i s h e ry .  wo u l d b e  
rn u c l 1 m o r e  s e n s i b l e  eco n o m ical ly 
than t h e  a bso l u te b i o lo gica l n o - ris k 
o p t i on . 

· · r t  c an be se e n . . .  the pape r says. 
· · t h a t  the  b e n e f i ts o f  c losing the 
s c h o o l  sl1ark f i s h e ry f o r a pe r i od o f 
e i g h t to 1 2  y e ars o u tw e i gh t h e  o th e r 
alternat ives .  I f  th e conslan t r e c r u : t­
m e n t  ass u m ption for g u mm y 
s h a rks is correct.  the o pli ma l man­
age me n t option may involve red u ­
cmg the n u m be r o f  boats t o  about 
20. with a to tal allowable catch o f  
abou t 1 500 to nnes.  

" G i v e n  that the cost o f  closin g the 
gummy shark fishery if lhe con­
s tan t re cru itment assumption is 
cor.rect  far  o u twe i ghs the cost of  
keeping the f is he ry o p e n  i f  th e 
bas e l i n e  biological assu mptions are 
correct .  an op t imal short r u n pol icy 
may i n v o l v e  keeping the f ishe ry 
open ( w i t h  a s u bstan tial redu ction 
in boat n u mbe rs ) u n til the q u e stion 
o f  recru itment is resol ved." 

This re port (and other related 
m a te r i a l )  constitutes an e xce l l e n t  
e xam p l e of  how to re concile envi­
ron m e n tal and eco nom ic considera­
tio n s .  It takes i n to acco u n t  not only 
r is ks bu t cos ts an d pro f ita b il ity of 
the i n d u stry. and assesses not j us t  
t h e  wo rst c as e  s i tuation b u t  t h e  best 
a p p ro ac l1 to e ns u re that if  the worst 
case s i t u ation s h ou ld prove correct.  
the p o p u l a tion w il l not have d e te r -
10ra ted beyond resc ue . At th e same 
time it a 1 o ids the po p u l ar e n v i ron ­
m e n t a l i s t  trap of maximis i n g  th e 
cost  o f  e n v i ro n m e n tal and s pe c i e s  
p r o te c t i o n  

I t  s hows h o w  w e l l  the v a r 1 0 u s  d i s ­
c i p l l l les  o f  L i le  econom1sl and t ile  
b 1 0 J o g i s t  c a n  mesh to prod u ce use ­
f u l  ad v i ce  on t h e  viab i l i ty o f  a p r i ­
mary i n d u s tr y .  C l e ar ly . for e xam p l e . 
t h e  same k m d  o f  rese arc h and mod­
e l l m g  p roc e d u r e could be adapted to 
l an d a n i m a l s  - as w he n we f in a l l y 
ge t aro u n d  to ru n n in g  a p ro pe r 
k a n garoo meat i n d u s try - or o t h e r  
k m d s o f  f i sh  and marin e reso u rce s . 

T h i s  1s v. ha t  s us tainab le economic 
d e v e l o p me m  is abou t . I t  m i g h t  be 
arg u e d that  pe rh aps the f i s h e ry 

s h o u l d be c l ose d for l on ge r in o rd er 

to a l l o w s h ark populations to regen­
e rate to e a r l i e r  le ve ls . But we d o n ' t 

· n ee d  more sh arks . we ne ed e no u gh . 
- Padraic P. McG uinness 



B u t  the  b u m pe r  h a r v e s t s  
of  t h e  mid t o  l a t e  ' 8 0s ca n n o t  
l a s t .  CS I R O  resea rch o n  t h e  
f i s h e r y  h a s  s h o w n  o r a n g e  
roughy to be extremely  long­
l i ved .  Their  l i fe span i s  c o m ­
p a r a b l e  t o  t h a t  o f  h u m a n  
bei ngs - about 70 to 8 0  yea rs 
( the oldest known specimen is 
1 4 9  years  o l d ) .  They b r e e d  
l a te r  than h u mans ,  a t  a b o u t  
3 2  years of  age . 

O b v i o u s l y ,  a f i s h  t h a t  
t a k e s  s o  l o n g  t o  g r o w  a n d  
r e p r o d u c e  w i l l  n o t  s u s t a i n  
intensive commerc ia l  fi s h e ry .  
C S I R O  s c 1 e n r 1 s t s  h a v e  
w a rned rhe i n d u s t r y  r h a t  i r  
h a s  r o  reduce its tota l al low­
able catch from 1 2000 tonnes 
to 2700 tonnes for this valu­
able fishery to last .  

WORKING SMARTER 
NOT HARDER 

The problems faced by r h e  
ora nge roughy and southern 
shark fisheries - overexploita­
tion of stocks, improvements 
in e fficiency resu l t ing  from 
new techniques and technolo­
gies ,  and excessive exploita­
t i o n  o f  n e w l y - i d e n t i f i e d  
resources - are repeated else­
where in Austral ia.  The prog­
nosis for the southern blue-fin 
tuna fishery, for example,  is 
even worse than that of the 
shark fishery. 

A p a rt from better m a n ­

agement of the fisheries, there are other ways to reduce our " p redation 
pressure"  on wild fish stocks. Aquaculture - the intensive farming of 
shel lfish and fish - i s  one means.  Australia's past effom here have con­
centrated on oysters and salmon trout. Researchers are now looking 
a t  other aquaculture prospects such as  prawns, shel lfish other  than 
oysters, and fin fish.  

Bur the most promis ing  avenue for making more prod uctive use 
o f  o u r  catch ar the moment is i n  val ue-adding, through better post­
h a rvest processing and m arketing.  Tuna is a good example .  As  men­
t io ned ear l ier, one o f  our ru na f isheries has a l ready suffered e xcess ive 
levels  of fishing . 

Much of rhe Austra l i an  tuna catch ended up in t ins .  The irony i s  
that  Austral ian cats  were eat ing f i sh that could fetch $75 per  k i lo  in  
t h e  J a p a nese r a w  f i s h  o r· s a s h i m i  m a r ker .  Now,  i n  Q u e e n s l a n d ,  
resea rchers and ma rketers a r e  looking at  ways of adding v a l ue to fis h ­
eries p roducts l ike tuna to c a s h  in  on l ucrative export markets .  

A t  the Inter n a t io n a l  Food Ins t i tu te o f  Quee n s l a n d ,  a ream of 
seafood technologists, microbio logists and marketing consu l tants has 
fo un d a way of process ing and presenting longta i l  tuna,  tradit iona l l y  

Another success story i s  the 
Japa nese  k i ng prawn proj ect . 
The Inst i tute set up a joint  ven ­
ture with a private prawn fa rm 
to p roduce l i ve prawns for the 
Japa nese marker. The resea rch 
c o m p o n e n t  i n v o l ved fi n d i n g  
o p t i m a l  t e m p e r a t u r e s  fo r 
t ranspor t ing  the  prawns,  and 
ident i fy i ng a s u i tab le  support 
medium - sawdust - i n  which 
to pack them.  The f irst com­
merc i a l  s h i pments  of the l i ve 
prawns have proved a success,  
fetc h i n g  u p  to $ 8 0  a k i l o  in 
J a p a n  with a 9 5 - 1 00 percent 
survival  rare for rhe prawns. 

W o r k  is co n t i n u i n g  on a 
n u m b e r  o f  o r h e r  p ro j e c t s , 
inc luding s panner  crabs a n d  
brown tiger prawns. Institute 
researchers p lan to apply their 
expert ise  in the transport of 
live crustaceans to both these 
spec ies .  The po i n t  i s  that we 
don ' t  h a v e  to take  m01 e f i sh 
out of our waters to increase or 
maintain the value of our fish­
e r i e s .  As w i t h  e v e r y  o t h e r  
industry today, the choice does 
not have to be working harder, 
but working smarter. 

AT THE END OF THE DRAIN 

Through its s ustainable devel­
opment initiatives, the Govem­
m e n  t i s  t a k i ng a b r o a d e r  
approach t o  the preservation of 
our fisheries. Sustainable devel­
opment is not just about com­

merc ia l  fi s h ing,  says  Dr Murray Johns,  Executive O fficer 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 i nterest; i f  you start living off the capital ,  you run the 
resource down, lea vi ng nothing for future generations.  

Recreationa l fishing can have a significant  i mpact on commercial  
fisheries .  S u rveys o f  some fis h i ng spots have shown that  the recre­
ational catch can be up to 20 times the commerc ia l  catch .  " As Aus­
tral ians, we al l  bel ieve we h a ve a right to catch a fish whenever we 
want",  continues D r  Johns. " Yet we can't j ust go out  and cut down a 
tree in a sta re forest " .  

Pol lut ion and hab i tat degradation also have a n  i m pact. Industr ia l  
waste is one wel l - k nown source, but another i m p o rtant problem is  
resort and mar ina development, particularly a long the coast adjacent 
to Q ueens land's  G reat Barrier Reef where mud flats (a fa vourite nurs­
ery for many f i sh and crustacean s )  have been destroyed for recre­
ational or urban development. 

Mary-Lou Considine ,  a science graduate u:ilh experie n c e  in marine biolog)'. U 
n freela n c e  journalis t baud in Melbourne. 
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OFF THE MENU 

l s  rhere ca use for concern ? The p l 1g h r  of  a couple  of  o u r  mosr  pop u l a r  
seafood i rems,  fl a k e  a n d  o ra nge roughy,  h igh l ights s o m e  o f  r h e  i s sues .  
F lake i s  the  mear  f rom rw6 s pec ies  o f  sha rks - rhe g u m m y  shark  and 
r h e  sc hoo l  shark .  These  sharks  s u s r a i n  a f i shery  r h a r  e x tends fro m 
eastern Victor ia ,  sourh ro rhe  w a ters  o ff Ta sma n i a ,  r h e n  wesr ro r h e  
western boundary of  South Austra l i a .  

L i k e  m o s t  orher  A ustra l i a n  fis her ies ,  r h e  southern  s h a rk fi shery  
e n 1 oyed a n  i n i r i a l  boom phase that ,  decades larer ,  has  s l owed down . I n  
recent yea rs ,  s h a r k  fishermen h a v e  been ab le  ro use new tec h n i q ues for 
i ncreas ing  t h e i r  rota! catch,  bur rhe catch y i e lded per u n i r  e ffo rt on rhe 
p a rt of  fi shermen has been d ec l in i ng . I n  orher  words,  they a re h a v i ng 
ro ped a l  faster  1 usr ro keep u p .  

Scient i s ts h a v e  long been concerned a bout  overfi s h ing . Rese a rc h  
o n  t h e  b io logy of  the sharks h a s  shown thar both species are relative­
ly  long-l ived and produce few offspring, leading scientists to conclude 
rhat  stocks a re not as  rapidly replen ished a s  shorter- l i ved mar ine 
species such as p rawns. 

C o n s e q u e n t l y ,  the Fed e r a l  Govern­
ment's Department of  Primary Industries i s  

Effecr i ve co m m u n icat ion berwcen sc 1enr 1 s t s  and the  fi s h i ng m d us ­
t ry  i s  a ma 1or  barr ier r o  gerr i n g  agreemen t  o n  a pp ro p r i a re acno n  from 
rhe  d i fferent in terest gro u ps, acco rdmg ro D r  S l ucza nows k 1 .  Sc ic n nsrs 
h a v e  to wea r s o m e  o f  t h e  b l a m e ;  t he i r resea rch res u l t s t e n d  to be 
bu ried i n  academic 1 o u r n a l s ,  a n d  the l i m i r a n o n s  of the i r  data  a re o fren 
not  adequate l y  exp la i ned to n o n - sc ient i s t s .  

SharkS i m  provides a ray o f  hope ,  a l lowing u se r s  ro v iew rhe  effect 
of d i ffe rent m a nagement stra teg ies  such as rhe use of fewer ners .  W1rh 
i ts a rresting co lour  d isp lays ,  Sha rkS 1 m c a n  gra ph ica l l y convey rhe con -
sequences o f  i nact ion ro f i shermen a n d  fi s h e r i es m a n agers .  I n  fac r ,  
S h a r k S i m  a nd i ts r e l a t i v es  - A ba S 1 m ,  a n  a ba l one f i s h e r y  s 1 m u l a r 1 o n  
package and P RA n a ,  a t o o l  for es r 1mar ing  recru i tmem t o  f i sh sroc k s  -
ma y eventua l l y  be app l ied ro orher fi sher ies  a s  a wa y of com m u n ica r ­
i n g  research findings ro managers a n d  operarors .  

If rhe shark fishery eventua l l y  fa i ls ,  we may have to 1001' a r a l te r ­
natives for ever-popular  fl a k e .  One s u gge s t i o n  h a s  been r o  i m po rt 
hake from overseas, but as Dr S l uczanowsk i  po i nts our ,  f isheries over­
seas are facing the same cris is  a s  those in Ausrra l ia . There 1 s  no doubt 
though that, for the consumer, rhe loss of local fi sheries l i ke rhe sourh-

ern shark would mean an increase 
in the reta i l  price o f  fi sh .  

t ry ing  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 3 5 0 0  tonnes to s omewhere 
berween 500 and 800 tonnes. 

U1ilike la11d rullinals, 
fisl1 ca11't ]Je easil11 -

• 

DIGGING DEEP 

Demonstrat ing the outcomes of 
present management  st rategies 
may n o r  be en o ugh ro  convince 
fishermen. As small  business man­
agers, their ma j o r  concern is the 
present, n o r  rhe  prob lems  rhat 
might a rise in  1 5  years. 

Shark fishermen are not happy about 
c o n fo r m i n g  to re s t r i ct i o n s  b a s e d  o n  
research resu l ts  that they be l ieve t o  be 
imprecise and inaccurate. Imprecision is a 
un iversal  problem for marine biologists. 
U n l i ke land animals, fish can't be easily 
o b s e r v e d ,  c o u nted and fo l l o we d .  The 

o)Jserved, com1ted 
a11d f ollo"red · 

Like most  fi sher ies  i n  A u s -
tral ia ,  t h e  s h a r k  f ishery m a i n l y  
involves i n d i v i d u a l  o p e r a t o r s ,  
each having a considerable invest­
ment t ied up in th e i r bo a t  a nd 

methods that  scientists use  to estimate a 
marine species' a bundance, growth rate, 
l i fe span and breeding rate involve indirect measurements and some 
" guesstimates" .  

But as  D r  Phil Sluczanowski of the South Australian Department 
of  Fisheries points out, scientists' predictions, even though they may 
nor be completely accurate, are better than nothing. We can only base 
o u r  p r e d i c t i o n s  o n  t h e  b e s t  a v a i l a b l e  i n fo r m a t i o n ,  s a y s  D r  
S luczanowski. Uncerta inty wi l l  always be there. But fisheries man­
agers and fishermen have ro weigh up the consequences o f  ra k i n g  
action a n d  being wrong, against the consequences of raking no action .  

Dr S luczanowski and his col leagues have developed a sophisticat ­
ed computer model, SharkSim, which s imulates rhe  effects of  d ifferent 
fishing techniques on the age structure and reproduction rate of  rhe 
fish population and on the catches and catch rates of  rhe fi shery . 

The model combines rhe results of more rhan 40 years of resea rch 
i nto growth, density, mo·rta l iry , reproduction , carcha b i l iry , se lecr i v i ry  
and fish ing statistics . lr  offers scientists and managers a w i ndow onto 
rh e  fu rure , mapp ing out the conseq uences of var ious pol ic ies  and reg­
u lations in  terms of rhe i r  i m pact on  rhe carc h .  

The p ictures r h a r  the m o d e l  p a i n ts a re nor com fo rt i ng . Ta k i ng r h e  
c a s e  of the  most  severe remed i a l  act ion,  i mmediare c l o s u re of  rhe  fi s h ­
e ry . l r  would rake 1 5  yea rs for stocks r o  retur n  r o  a level  a r  which  rhey 
could be f ished indefi n i re l y .  I f  the  a n n u a l  carch was  l i m i ted ro 8 0 0  
ronnes, the fi shery c o u l d  surv ive fo r 1 5  years a n d  t h e n  co l l a pse.  Tota l  
co l l apse c o u l d  b e  avoided i f  rhe  fishe ry w a s  t o  b e  i m m e d i a te l y  c l osed 
fo r one yea r to a l low stocks  ro recove r .  

Delayed act ion,  w h i l e  fi shermen demand m o re acc u r a te d a t a  o r  
w h i l e  m a n a g e m e n t  b o d i e s  a v o i d  m a k i n g r o u g h  d e c i s i o n s  a b o u t  

associated navigational and fishing equipment. With rhis investment 
at stake, they have little incentive ro become less productive and lose 
revenue. So they will continue ro do what they have done for years -
work their gear as hard as they can. 

The Commonwealth Government is a wa re r h a t  we have too 
many players in  all our commercial  fisheries, bur ra r ional isar ion is a 
p.rocess that involves purring people out of work,  nor an easy deci ­
s ion to make. 

One fishery undergoi ng a major restructure is  rhe northern prawn 
fishery. The restructure wil l  cur rhe number of fish i ng vessels opera r­
ing in  the fishery by half. Many boars have a l ready been removed, and 
the owners compensated for rhe i r  loss.  

The Government sees subs id ised wirhdrawl ,  wl(h a sysrem ca l l ed 
" i ndividual tra nsfera ble quoras " ( !TQs ) ,  as rhe most e ffernve means 
o f  protecting our dw ind l ing fi sher ies resources.  !TQs may  provide a 
means of establ ishing ownersh i p  r ighrs over f ishenes beca use, as they 
s rand,  fisheries be long to nobody, so nobod y i s  respon s i b le .  

Bur wi l l  m a n agers ger rhe nghr strategies i n  p l ace 1 n  t i me to save 
va l uab le  species  l i ke rhe ora nge rough y )  O ra nge rough y was a bir of  a 
s r r a nger  ro A u s t ra l i a n  p a l a re s  1 0  y e a r s  a g o .  I n  rec e n t  y e a r s ,  o u r  
appeti te for t h e  fi sh,  a n d  r h e  price 1 r  commands  m e x p o rt markets,  has 
had f ishermen rush i ng ro · ' hor spors" '  off rhe  Ta s ma n i a n  coasr  to rake 
p a rt in  a fishe ry worth a bour  S50 m i l l ion a year .  

After 1 98 5 ,  when the f irsr  catches were made,  the fi sh  mg ind usrry 

moved fasr ro e x p l o i t  rhe resou rce, with new e n t rants in vest i ng i n  s pe ­

c i a l  acousr ic sounding a n d  cra w l i ng equ ipment  r o  work t h e  deep sea  

floor  on which the fi sh l i ves .  m ore  rhan  1 000 merres do wn . Na v i ga -
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COND I T I ONS O F  U S E  

There are restr i c t i ons o n  copy ing , trans fer and types o f  uses  
o f  the Sh arkSi m 1 software . 

An agreement between the S outh Austra l i an Department o f  
F i sher i e s  and e a ch legit imate user dea l s  with these . P l ease  
r e f er to it be fore u s i ng the so ftware . 

Whi l st every e f f ort has been made to check the accuracy o f  the 
ca l cu l at i ons , s e r i ous users shou ld use independent mode l s  to 
check the mode l outputs . Ne ither the S outh Austra l i an 
Department o f  F i sher i e s  nor anybody a s s oc iated with the 
product ion of Sh arkSi m 1 sha l l  be l i able for damages resu lt ing 
from the use or m i suse o f  the se programs . 

( c )  1 9 9 1 SADF 

. . . . . . . .  . . . .  . . . 

: . · . ' : · · :
· : : : -/ : :. · . : . . · · · · .· . 

USE sharkSim . i .· FOR FrsliE�J:�s 
• ·MJWAGEffiN'I'·•.•oN[.y·••wrTli•··APPROPRI.ATE 
SCIENTIFIC ADVICE • . 

· 
. .  . . . . .  . . 
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PREFACE 

About th i s  manua l 

Th i s  manua l descr ibes how to operate the Sh arkSi m vl . O  
s o f tware package . I t  a ssumes you are fami l iar with the ba s i c s  
o f  us i ng a D O S  per s o n a l  computer and that you understand terms 
such a s  keys , f i l e s , windows and ( esc ] . Contact the 
deve l opers i f  you need he lp ( Append ix A :  Service and 
support ) . 

I f  SharkSi m vl . O  i s  insta l led on your computer , the qu ickest 
way to l earn to use i t  is to step through the EXAMPLE 
descr i bed on page 2 9 . 

The insta l l a t i on procedure i s  descr ibed on page 7 .  

The manua l does not teach the user f i sh population dynam i c s . 

About the mod e l  

The software imp l ements mathematical model s  spec i f ied by 
s c i ent i st s  who stud i ed the f i shery . Some aspects of thes e  
mode l s  were checked b y  independent experts a t  a f ive day 
workshop . The mode l s  are cont inua l ly be ing rechecked , ref i ned 
and mod i f i ed . 

The popul a t i on dynami c s  mode l s  under lying SharkSim are comp lex 
and depend on a s sumpt i ons and parameter est imates wh ich need 
qua l i f i cat ion . F i sher ies sc i ent i sts should be invo lved i n  
analys i s  and i nterpretation us i ng the package . 

( c )  1 9 9 1 SADF 

WARNING 

US E SharkSim 1 FOR FISHERI ES 
MANAGEMENT oNtY WlTH APPROPR!ATE 
SCIENTIFIC ADVICE . 
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1 DESCRIPTION 

1 . 1 D e s c r ip t i on o f  mode l  

Sh ark S i m  mode l s  the s outhern Austra l i an f i shery for gummy 
shark Mu s te l u s  an tarct i cu s  and school shark Ga l eorh i n u s  
ga l e u s . Based on the best ava i lable data and popu l a t i o n  
dynam i c s  mode l s , i t  s imu l ates ( Wa lters 1 9 6 9 ) the e f fect s o f  
f i sh i ng e f f ort by var i ou s  gears o n  popu l at i on structur e , pups , 
catch e s  and catch rates . The user can eas i ly change control  
var i a b l e s  or mode l parameters and immed iate ly see the e f f e cts 
a s  c o l oured dynami c  graph ics that c lear ly i l lustrate the 
evo lu t i o n  o f  the f i shery and the consequences of a lternat ive 
management strateg i e s  or o f  parameter uncerta inty . 

The mode l combines the results o f  over f orty years of  r e s earch 
into growth , dens ity dependent natura l morta l ity ,  
reproduct ion , catchab i l i ty , s e l ect ivity , f i shing e f f ort 
a l l o c a t i o n  and catch and e f f ort stat i s t ics . ( O lsen 1 9 8 4 , 
Wa lker 1 9 9 1 )  

I t  wa s deve loped f o r  use  by scient i sts , managers , f i sh e r s  and 
re lated i ndustr ies , conservat i on i sts , educators and the 
commun i ty . I t  can be u s ed to fit  mode l s , ana lyse and 
unde r stand them , commun i cate , educate , manage f i sher i e s , 
deve l op po l icies , f ocus e ffort , capita l i se expert ise , c o s t  
research , c l ar i fy i ssues and enterta in . 

1 . 2  Hardware requirements 

Runn i ng SharkSim vl . O  requ ires 

I BM PC compat i b l e  computer 
DOS v3 . 3  ( or l ater ver s ion ) 
2 8 6  CPU ( or l ater vers ion ) 
Standard VGA c o l our graphics adapter and screen 
2 Mb RAM min imum w i th EMS ( expanded memory spec i f i ca t i on )  
dr iver , at least 5 3 0  Kb convent iona l memory 
2 Mb space on hard d i sk ( in it i a l ly , but the databa s e  can 
grow )  
3 . 5 " high den s ity ( 1 . 4Mb ) d i skette dr ive for 
insta l lation 
2 8 7  math co-proc e s s or ( or compat i b l e  later ver s i o n ) 
h igh ly recommended 
the CONFIG . SY S  f i l e must have min imum : 

FILES= l O , BUFFERS=2 0  
no con f l ict i ng packages ( � . g .  Termi nate Stay Re s i dent 
TSR programs such a s  S I DEK I CK ( c ) ) 

( c )  1 9 9 1  SADF Page 6 
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2 INSTALLAT I ON 

SharkS im v l . O  i s  supp l i ed on a 1 . 4 Mb 3 ; 5 " d i skette . 

The f o l l ow i ng procedure creates a sub-d irectory ca l l ed 
SHARKS IM ( or whatever you wish ) on the hard d i sk and cop i e s  
Sh arkSi m vl . O  t o  it . 

Insta l l ation procedure 

1 I n s ert the supp l i ed Sh arkSi m vl . O  d i skette into a 
d i skette dr i ve and type A : INSTALL [ Enter ] . 

2 An insta l l a t i on programme w i l l  run . When it asks , type 
in the name o f  the directory into wh ich the Sh arkSi m 
vl . O  f i l e s  w i l l  be l oaded . 

3 Remove the supp l ied Sh arkSi m vl . O  d i skette and store i t  
secure ly . 

The insta l lation program automat ica l ly checks whether your 
c omputer has a maths coproces s or and l oads the appropriate 
f i l e s . 

···································lfARNING . . 

When you install SharkSim v1 • D into a sub­
directory , it wii.I< over'Write any f iles that 
were previously stored there . . · . ·  · ·  If these 
contained sharkSiin files ( e . g> s:im\:llations ) you 
had created in addition to those suppl ied with 
the so ftware , you wi l l  l os e them . 

( c )  1 9 9 1  SADF Page 7 
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3 OPERAT I ON 

3 . 1  s tart ing the programme 

1 Enter the SharkSim subd i rectory . 

( e . g .  C : > CD SHARKS IM ( Enter ] ) 

2 Type : s s  ( Enter ] 

After d i sp lay ing the opening screen , SharkSim l oads into 
the computer ' s  work ing area with a defau lt Start 
Parameter Set ( see 3 . 5 . 1  be l ow ) . 

3 . 2  Leaving the programme 

You can l eave SharkSim by typ ing [ Alt-X]  ( or / X )  i f  no 
windows are d i sp l ayed . E l iminate these us ing ( Es c ] . 

( c )  1 9 9 1  SADF Page 8 
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3 . 3  Unde r stand ing t h e  ma in screen 

3 . 3 . 1  Status l i ne 

A status l ine at the top of  the ma in screen shows 

3 . 3 . 2  

The ver s i on o f  Sh arkSi m be i ng used 
( e . g .  " S harkS im vl . O " ) 

What i s  be i ng d i sp l ayed 
( e . g .  " FI SHERY Bioma s s  by Spe c i e s " or 

" GUMMY F EMALE Number by Length-clas s "  

The year at wh ich PIT i s  pos it ioned ( see 3 . 3 . 2 ) . 
( e . g .  " 1 9 9 � "  ) 

Co l our bands 

The ma i n  screen has f ive rows of  information shown as stacked 
c o l oured graphs ca l l ed " co lourbands " : 

Screen name Var i a b l e  d i spl ayed Un its ( B i oma s s  or Numbers ) 

Pop ( cw )  Popu l at ion tonnes care . wt .  or 1 0 0 0  sharks 
B i rths B i rths tonnes or 1 0 0 0  sharks 
Catch ( cw )  Catch tonnes care . wt .  or 1 0 0 0  sharks 
CPUE ( cw )  Catch per unit e f f ort ( summed ) 
E f f ort F i sh ing ef fort by gear l O O Okrn- l ft or hook equ iv . 

3 .  3 .  3 P I T  - " Point-In-t ime " 

A vert i c a l  wh ite cursor ca l led PIT { "po int in t ime " ) can be 
moved l e ft and r ight us i ng the arrow keys . The h i stograms on 
the r ight of  the screen show the va lues of  the stacked 
c o l ourbands at P I T . The va lues can be d i sp layed as f igure s  by 
pre s s i ng F ,  a l l owing you to measure them . 

The h i st ograms show the va lues to the immed iate l e ft o f  P I T  
for the top f our rows , and the va lues to the r ight of P I T  for 
the bottom row ( F i sh ing E f f ort ) . 

3 .  3 .  4 Co l our code 

Depend i ng on what is d i sp l ayed on the screen , d i f f erent 
c o l ou r s  present d i f ferent informat ion . For example , if you 
d i sp l ay " GUMMY FEMALE B ioma s s  by Length- c la s s " ,  each l e ngth ­
c l a s s  category wi l l  have a d i f ferent co l our . 

APPENDI X  B deta i l s the colour codes . 
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3 . 4  Keyboard contr o l  i n  the Ma in S creen 

Y ou can a l ter the image on the screen u s i ng keyboard command s . 
( You can f i r st e l im i nate any v i s i b l e  windows using [ e s c ] . )  

3 .  4 .  1 Movi ng P I T  

[ R i ght ] Move PIT forward one year 

[ Le f t ]  Move PIT back one year 

[ Home ] Move PIT to I n i t i a l  Year 

[ End ] Move PIT to last s imu lated year 

[ S h f t ] [ R ight ] Move PIT forward ten years 

( Sh f t ] ( Le f t ] Move PIT back ten years 

3 . 4 . 2  Adjust i ng f i sh i ng effort 

[ Up ] I ncrease PIT f i sh ing effort o f  
s e l ected 

·
gear type ( ind icated by 

co l our under l ine in the bottom r ight 
h i stogram ) 

[ Down ] Reduce f i sh ing e f f ort of selected gear 

[ Ctr l ] [ Right ] S e l ect next gear type for adj u s tment 

[ Ctr l ] [ Left ] S e l ect previous gear type 

[ Ctr l ] [ Up ]  I ncrease 

[ Ctr l ] [ Down ] Decrease 

3 . 4 . 3 Other contro l s  

f i sh i ng e f fort -

f i shing e f f ort -

I I  I I  

f ine tun ing 

f ine tun ing 

F D i sp lays f i gures g iving va lues o f  
h i stograms . Pres s  F aga in to d i sp l ay 
tota l s , and aga in to switch them o f f . 

/ Ca l l s  up the menu of Commands 

[ Es c ] E l iminate Command wi ndows 

[ Enter ] Carr ies out a s imu lation for the year 
f o l l owing PIT u s i ng the f i sh i ng e f fort 
shown in the bottom right h i s togram . 

[ A lt-X ] Leave Bh arkSi m .  
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3 . 5  Enter ing and Ed i t ing Data 

When u s i ng SharkSi m ,  there are occa s i ons when you need t o  
ente r  or edit text or numer ica l  va lues i n  f i e lds ( e . g .  Naming 
f i l e s  or a lter i ng parameters ) .  The SharkSi m ed itor is s imp le . 

Mov i ng between f i e ld s  

Each f i e l d  i s  surrounded b y  a box . When you are work i ng with 
data on screen-based f orms which conta i n  more than a s i ng le 
f i e l d , you can move between f i e lds us ing [ Tab ] , [ Sh f t - Tab ] , 
[ Up ] ,  [ Down ] , [ Le f t ] and [ R ight ] . 

Enter i ng/ ed i t i ng a f i e ld 

To e d i t  an exist ing f ie ld , pos i t i on the curs or there and type 
[ F2 ] . 

When ed i t i ng with i n  a f ield , the cursor h igh l ights the act ive 
pos i t i on where enter i ng / ed iting takes p l ace . You can move it 
us ing [ Le ft ] , [ R ight ] , [ Home ] and [ End ] . 

You can use the [ Ba ckspace ] and [ De l ete ] keys to delete 
characters and toggl e  between insert and overwr ite modes using 
the [ In s ert ] key . 

When enter ing numer ica l values , you can type them in a s  
integers , dec ima l s  o r  in  scient i f ic notati on . 

Whe n  you are sat i s f i ed with what i s  in  a f i e ld , pre s s  [ Enter ] 
to accept it . I f  you want to leave the contents of a f i eld 
una ltered from when you started , pres s  [ Es c ] . 

( c )  1 9 9 1 SADF 

WARNING 

Pre s s i ng [Ctr l -Alt-De l ]  or switching 
of f the computer whi le SharkSim i s  
acces s ing a disk o r  i t s  database may 
cause prob lems . 
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4 . 1  Us ing command s 

4 COMMANDS 

Ca l l i ng up the Command Menu 

Pres s  / wh i le in the Ma i n  Screen to ca l l  up the Command menu . 

S e l ec t i ng a Command 

S e l ect a command by pre s s ing the l etter h igh l ighted on the 
screen ( e . g .  F for F i l e )  or by s e l ect ing a command us ing 
[ Le f t ] and [ R ight ] and pre s s ing [ Enter ] . 

Command notation 

Commands wh ich lead to further menus have three dots d i sp l ayed 
a fter them ( e . g .  View • • •  ) .  Ones wh i ch execute and return to 
the ma i n  screen are f o l l owed by a s ing l e  dot . 
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4 . 2  The command s tructure 

SharkS im v l . O  Command Structure 

F i l e  . . .  
Load . .  . 
Save . .  . 

S imu lat i on 
Start Parameter Set 

Stock / substock . .  . 
F i shery . .  . 

by Sex & Spec i e s . 
by Spec i es . 

Gummy . .  . 
Schoo l . .  . 

Fema l e  . .  . 
Ma le . .  . 

by Age-c lass . 
by Length-c l a s s . 
Tota l . 

Mode l s  . . .  

View . . .  

About . 
Ex i t . 

( c )  1 9 9 1  SADF 

I n it i a l  Year 
I n it i a l Age Structure . . .  

Gummy 
School 
Grab age structure . 

Morta l ity 
Growth . . .  

Gummy 
S choo l 

Catchabi l ity 
Reproduct ion 
E f f ort Al location 
S e lect ivity . . .  

Nets 
Non-net . . .  

B i omas s .  
Numbers .  
Res ca l e . 
Z oom . . .  

3 0  yrs . 
5 0  yrs . 

1 0 0  yrs . 
1 5 0  yrs . 

Gummy 
S chool 
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4 . 3  F i l e  command 

Sh arkSi m v l . O  has an inbu i lt database . The F i l e  command 
a l lows you to l oad and save two types of f i l e s : Start 
Parameter Sets and S imu lat i on s . 

· Before you carry out a s imu l a t i on , you must spec i fy :  

the parameters that rema in constant throughout the 
s imu l a t i on ( e . g .  Growth parameters )  
the i n it i a l  age structure 

These data are ca l led the Start Parameter Set . You can change 
them us ing the Mode l s  command ( Section 4 . 6 ) 

A S imu l at i on i s  based on a part i cu l ar Start Parameter Set and 
con s i sts o f  an I n i t i a l  Year , a f i sh ing e f f ort control s equence 
created i nteract ively by the user and the e f fects of these 
over t ime on var i ous var i a b l e s  such as  popu l at ion , b irths , 
catch and catch per unit e f f ort ( CPUE ) . 

A S imu l at i on i s  Loaded with the s ame screen con f i gurat i on as 
when it wa s Saved . 

/ FL . . .  

/ FLS 

/ FLP 

/ FS • • •  

/ FS S  

/ FSP 

/ F i l e  Load When you Load a f i le , it rep l aces the 
s imu l at i on shown on the screen . 

/ F i l e Load 

/ F i l e Load 

/ F i l e  Save 

/ F i l e  Save 

/ F i l e Save 

Un l e s s  you have saved them bef orehand , 
you wi l l  lose the exist i ng Start 
Parameter Set and S imu l a t ion . You 
must know the name of the f i l e  you 
wish to load before you do so . Enter 
it exact ly and pre s s  [ enter ] . 

S imu l a t i on Type f i l e -name , [ Enter ] 

Start Parameter Set I I  I I  I I  [ Enter ] 

When you Save a f i l e , you must name 
it . Us e standard keys . Cap ita l s  are 
regarded a s  d i f f erent from sma l l  
l etters ( e . g .  "be st " and " Best " are 
d i f f erent ) . The databa s e  grows each 
t ime you save a f i l e . 

S imu l a t i on Type f i l e - name , [ Enter ] 

Start Parameter Set I I  I I  " [ Enter ] 

When you carry out the insta l l at i on procedure , the databa s e  i s  
i n it i a l i s e d  to conta in only those f i les  supp l i ed w i th the 
s o ftware and descr ibed in th i s  manua l ( APPEND I X  C ) . You can 
have s eparate databa ses in s eparate sub-director ies . 
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4 . 4  stock / Subs to ck command 

The S tock / Substock command a l l ows you to s e l ect wh i ch port ion 
of the f i shery stock shou ld be shown on the screen . 

stock 

/ SF . . .  / Stock F i shery - The ent ire f i shery stock ( 2  
species , 2 sexe s ) i s  shown . 

/ SFX / Stock F i shery by Sex and Spec ies  - 4 co l ourbands 
represent Gummy Fema l es , Gummy Ma les , Schoo l 
Fema l es , Schoo l Ma les respect ive ly . 

/ SF S  / Stock F i shery by Spec ies - 2 col ourbands 
represent Gummy and School sharks respect ive l y . 

/ SFT / Stock F i shery Tot a l  - a s ing l e  col ourband 
represents the who l e  stock . 

Subs tocks 

/ SG . . .  / Substock Gummy 

/ SGFA / Substock Gummy Fema les by Age - c l a s s  

/ SGFL I 

/ SGFT I 

" 

" 

" 

" 

" by Length-class 

" Tota l 

S imi l a r ly for 

S cho o l  ( e . g .  / S SFL i nstead o f  / SGFL ) 

Ma l e s  ( e . g .  / SGML i nstead o f  / SGFL ) 
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4 . 5  V i ew command 

The V i ew command changes how you v i ew the inf ormat i o n  shown on 
the s creen . 

/ VB 

/ VN 

/ VZ • • •  

/VZ 3 

/VZ S  

/VZ 1  

/VZ O 

( /V i ew B i oma s s ) - the heights of  the c o l ourbars 
repres ent ing the popu l at ion , catche s or catch 
rates ( CPUEs ) ref l ect stock b i omass as carca s s  
we i ght . ( The Status Line at the top of  the s creen 
shows whether " B i oma s s " or " Numbers " are shown . )  

( / V i ew Numbers ) - the heights represent numbers o f  
f i sh . ( see / VB a bove ) 

( /V i ew Z oom ) - the t ime s ca l e  can be 3 0 ,  5 0 , 1 0 0  
or 1 5 0  years . 

( /V i ew Zoom 3 0yr ) - the screen t ime sca le 3 0yr 

( /View Zoom s oyr ) - " " I I  I I  = 5 0yr 

( /View Zoom 1 0 0yr ) - " " I I  I I  = l O Oyr 

( /V i ew Zoom 1 5 0yr ) - " " II " = 1 5 0yr 
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4 . 6  Mod e l s  command 

The Mode l s  command a l l ows you to change the parameter va lues 
o f  the under ly i ng popu l at i on dynam ics mode l s . Use it  to 
change I n i t i a l  Year and data wh ich forms the Start Parameter 
Set ( e . g .  Morta l ity ) . 

Pre s s  /M for a menu of sub-mode l s  wh i ch comb ine ( accord i ng to 
the a lgor ithm descr i bed i n  Append i x  D)  to generate a l l  the 
dynam i c  var iables shown on the screen . The parameter va l ue s  
of the s e  submod e l s  rema in constant throughout any s imu l a t i on . 

Changing parameter va lues 

To change the parameter va lues in a part i cu lar sub-mode l ( e . g .  
Growth ) , press the l etter ( e . g .  G )  to s e lect the form for that 
mode l .  I t  appears a s  a w i ndow . Sect i on 3 . 5  descr ibes how to 
enter and edit the parameter va lues in the var i ous f i e ld s , 
wh ich appear i n  boxes on the screen . 

When you are s at i s f i ed w i th the parameter va lues d i sp l ayed on 
the f orm , press [ Al t - K ]  to accept them . Remember to pre s s  
[ Enter ] t o  comp l ete enter i ng a f ie l d . Pre s s  [ Es c ]  o r  [ A l t -C ] 
i f  you want to l eave the origina l va lues intact . 

Keep chang i ng parameter va lues o f  var i ous sub-models unt i l  you 
are s at i s f i ed with them . Then vou must Save them as a Start 
Parameter S et . The new va lues wi l l  be loaded into the 
SharkSim databa s e , the model wi l l  reca l cu l ate its dynam i c s  
u s i ng t h e  new parameters a n d  s e t  PIT at the I n i t i a l  Year . 

The Start Parameter Set i s  the set that wi l l  be used each t ime 
the mode l is started . 

I n it i a l  Year - A spe c i a l  c a s e  

Beca u s e  I n i t i a l  Year i s  a parameter stored as part of a 
S imu l a t i on f i l e  rather than as part of a Start Parameter Set 
f i l e , spec i a l  ru les app ly when chang i ng the I n it i a l  Year . See 
4 . 6 . 1 be l ow . 
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Sh a rkSim v l . O  U s e r  Manu a l  

4 . 6 . 1  I n i t i a l  Year command 

The I n i t i a l  Year is the f i rst year of the s imu lat i on . I t s  

popu l a t i on s tructure i s  that g iven by the I n i t i a l  Age 

Structure sub-mode l ( see 4 . 6 . 2  be l ow) . 

To change the I n it i a l  Year : 

enter the ma i n  screen 

pre s s  /MY to d i splay the f orm on the 

r i ght 

Enter / ed i t  the year 

Pres s  [ a lt-K ] to accept the va lue 

Pres s  ( es c ]  to r eturn to the ma in 

screen 

I n i t i a I Vea r 

f 1 1923 u 
O K  Cance l 

You must immed iate ly S ave the exist ing s imu lation as a 

S imu l a t ion f i le us ing any name ( e . g .  default ) . 

SharkSim w i l l  reca l cu l ate the model us ing the ex i st i ng Start 

Parameter Set and set PIT at the newly entered I n it i a l  Year . 
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4 . 6 . 2  I n i t i a l  Age Structure command 

The I n i t i a l  Age Structure ( f or a g iven 

spec i e s  and sex ) i s  the number of f i sh 

a s s umed to be i n  each age c l a s s  from 

o +  to 3 2 +  at the I n it i a l  Year . 

/MIG or /MIS ca l l s  up the I n i t i a l  Age 

Structure form for gummy or scho o l  

respect ive ly ( se e  f igure at r ight ) . 

You can enter the numbers manua l ly ,  

one spec i e s  at a t ime . 

A lternat ive l y , you can " gRab " the PIT 

age structure i n  a ny s imu l a t i on and 

make it the I n it i a l  Age Structur e . 

Both spe c i e s  are treated at once . 

The l atter opt ion i s  part i cu l a r ly 

I n i t i a l  Aue S t nJC t u re 
F .. ,....., 1 ., H..il l e  

0 
J. 
2 
3 
4 
5 
6 
7 
B 
9 
J.O 
J. l.  
12 
l.3 
l.4 
J.5 
l.6 
J.7 
l.8 
J.9 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 J.  
32 

OK C -.-x::e l 

u s e f u l  for creat i ng a stabl e  i n it i a l  age structure wh ich i s  

determined by the dens ity-dependent pup morta l ity parameters 

asp and bsp ( see 4 . 6 . 3  be l ow ) . You can s e l ect a set o f  

paramete r , set z ero f i sh i ng e f fort , a n d  s imu late the 

popu l a t i on unt i l  it stabi l i s e s . Then grab the age structure 

and make it the i n i t i a l  one . 

D e f i n i t ion 

Na , o , sp , sx is the number o f  f i sh o f  age a+ in the I n i t i a l Year 

( O )  for spec ies  Sp and Sex sx . 
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4 . 6 . 3  Morta l i ty command 

You can a lter the natura l 

Morta l ity parameters for 

each spec ies separate ly . 

Ma l e s  and f ema l e s  o f  the 

s ame spec i e s  are a s sumed to 

have the s ame natura l 

morta l ity .  

Hpup 
Mpos t pup 
a 
b 

/MM ca l l s  up the Mort l a ity form a bove . 

D e f i n i t ion 

Ho r t a  I i  t y  
CiuMt'IY S choo l 

� 
0 . 1.  
0 . 1.  2 

5 
.1 0 . 00055 

OK C_.-ice l 

Ma , y , sp i s  the instantaneous natura l  morta l ity of a+ age-class  

f i sh of  spec i e s  Sp i n  year y .  

Equations 

For pups { Gummy ages O +  to 4 + ,  S choo l ages O+ to 8 + ) : 

M a , y , Sp 

For post-pups ( Gummy ages 5 +  to 3 2 + , Schoo l ages 9 +  to 3 2 + ) : 

M a , y , Sp 

( c )  1 9 9 1  SADF 

�o st -pup , Sp 
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6 . 4 . 4  Growth command 

The Growth command lets you 

set von Berta l an f fy and 

a l l ometr i c  growth 

parameters f or each spec i e s  

and s e x  separate l y . The 

mode l dynam i c s  are based on 

the who l e  we ight o f  

i nd i v i dua l f i sh . The 

k 
L i n f  
t o  
a w  

bw 

G row t h  
Fetta l e  

0 . 086 

20 1.9 
-3 . 0 1. 

J. . 22e -09 
3 . 1.6 

Ma l e  

0 . 17 
J. 4 17 

-2 . 0B 
4 . 52e -09 

2 . 96 

OK Cance l 

catche s , however , are d i s p l ayed as carca s s  we ight only ( s e e  

Append ix D )  . 

/MG c a l l s up the Growth f o rm at right . 

Def i n i t ion 

La , sp , sx is the length o f  a f i sh of age a+ , spec ies Sp and S ex 

Sx . Wa , sp , sx i s  its we ight . 

Equat ions 

L a , Sp , Sx 

w a , Sp , Sx 

( c )  1 9 9 1  SADF 

L inf sp , sx · ( 1 - exp { -ksp , sx · ( a -t O sp , sx+ 0 . 5 ) } ]  

= awsp , sx · La , Sp , sx * *bwsp , Sx 
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4 . 6 . 5  Catchab i l ity command 

Catcha b i l ity qy , sp is the 

parameter r e lat i ng the 

proport i o n  o f  the stock o f  

spec i e s  Sp caught b y  a un it 

o f  f i sh i ng e f fort . 

Comb i ned w i th s e l ect i v ity , 

i t  converts f i sh ing e f f ort 

qO 
bq 
qddq 
Kddq 

C.a t chab i I i  t y  
GuttMY S ch o o l 

0 . 002 0 . 002 

0 0 
0 0 
0 0 

L:::;:=====::J 
OK Cance l 

by a part i cu l a r  gear type to f i sh ing mort a l ity ( see Append ix 

D )  • 

/MC c a l l s  up the Catchabi l i ty f orm a bove . 

Def i n i t i o n  

qy , sp i s  t h e  catchab i l ity o f  species Sp to standard ised n e t  

gear i n  y e a r  y .  

Equat ion 

The formu l at ion o f  th i s  sub-mode l a l l ows you to s imu late 

i ncreases in  unit e f f i c i ency over years us ing parameter bq and 

the e f fects of s choo l ing behaviour us ing parameters qddq a nd 

Kddq . 

qy , Sp = q O sp + ( bqsp · Y > 
+ qddqsp . exp ( -Kddqsp . su�ost pupsumsx [ Na , Y ,  sp , s x ] ) 
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4 . 6 . 6  Reproduct ion command 

The Reproduct i on mod e l  determines how the number of b i rths 

each year are computed from the age structure of adu l t s  

rema i n i ng at the end o f  the prev i ous year . 

/MR ca l l s  up the Reproduct i on form . 

Each f ema l e  o f  parenta l age ( pa )  

produces a number o f  b i rths 

re l ated to her we i ght ( gummy ) or age 

( scho o l ) .  The ar and br parameters 

a f fect th i s . 

The number o f  b i rths produced by a 

parent a l  age - c l a s s  B i ap , y , sp i s  the 

product of the above number , the 

number of pa-aged f ema l e s  a nd the 

proport i on of the f ema l e s  that are 

mature f ap , sp ( e . g .  I n  the f igure : 

7 5 %  o f  1 9 +  year o ld schoo l f ema l e s  are 

mature ) .  

Def i n i t ion 

The tota l number of b i rths at the 

01 r  
b r  
a 
.l 
a 
3 
4 
� 
6 
7 
e 
9 
.10 

Re p ro duc t i on  
a....,"� S cho o l 

u-----,.-n 
n----...-< 1 

1-------=-<1 
.l .l  1-----,,,.....,.� 1 t---��......-1 .l.2 
.13 t-----�· 
.1<4 1 1----� .lS 
.16 1 1--------,---< 

.17 u-----.....--1 1 
.lB 1 1------...,.--1 1 

1------=--< 

,___ __ �....,.... 

.19 t-----.....--1 1 t-----,..--."<"'i"-i 20 
2 .l t-------.--11 1------� 
2a t-----.....--1 1 1-----,..........,.0<"""1 
23 1------.--11 1--------'::..,;....:� 24 
25 !-----�· 
26 1-----,,..-,.cn 
27' 1 1--------,---< 
2S 1 1-----.....--1 1 t-----.......-l 29 30 1 1-----�I 

,___ ___ ___,...., 
3 1 1 1-----.....--1 1 1-----.......--1 32 i.===== 

OK CW""K:e l  

beginn i ng o f  a s imu l at i on year No , y , sp , sx i s  the sum of b i rths 

from a l l  parenta l age - c l a s s e s . The mode l a s sumes that f i sh 

are a l l  borne at the s tart o f  a year and that ha l f  are f ema l e . 

Equat i ons 

B i ap , y , Sp 

N O , y , Sp , Sx 

( c }  1 9 9 1  SADF 

max [ 0 .  0 ' arsp + brsp · wa , sp , fema l e ] 
· Nap , y , Sp , fema le · f ap , Sp 
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4 . 6 . 7  E f f ort A l l ocat i o n  c omma nd 

The user can set f i sh i ng 

ef fort by gear types us ing 

interact i ve contro l s  ( see 

3 . 4 . 2 ) . The E f f ort 

Al locat i o n  mode l sp l it s  

thes e  between gummy and 

schoo l sharks . 

E f fo r t  A l l oca t i on 

n e t 6  
n e t 7  
n e t  S­
hook 
pos t DUP 
pup 
t es t  

T a r g e t  < S ch )  R a t i o  
0 . 2 
0 . 6 
0 . 7 
0 . 8 
0 . 5 
0 . 5 
0 . 5 

Cance l 

/ME ca l l  up the f orm above . Two parameters are entered f or 

each gear type g .  

J. 

J. 

J. 

J. 

J. 

J. 

J. 

I f  the par ameter Rat io = 1 . 0 ,  then effort i s  sp l it into the 

s imp l e  proport i ons spec i f i ed by the f irst parameter 

Target ( S ch ) ( e . g .  In the f igure above , 0 . 7  of B "  net e f f ort 

target s  s cho o l  shark ) . I f  you set Target ( S ch ) = 0 . 5 ,  equa l 

amounts o f  e f f ort o f  that part i cu lar gear type are a l located 

to both spec i e s . ( Note : S ch stands for " schoo l " . )  

I f  Ratio = 0 . 0 ,  then f i sh i ng e f f ort in year y by gear g i s  

a l located between the spec i e s  i n  the same proportion a s  the ir 

catches by that gear i n  the previous year ( y- 1 ) . 

case , the Target ( S ch ) parameter i s  not used . 

In th i s  

Va lues o f  Rat i o  ( R )  between o . o and 1 . 0 determine the re lative 

we ight ing g iven to the two a lternative e f f ort a l l ocat i on 

mechan i sms descr ibed above . ( e . g .  I f  Rat i o  = 0 . 5 ,  ha l f  the 

ef fort is a l l ocated accord i ng to the Target ( S ch ) ( T )  parameter 

and ha l f  in proport ion to the previous year ' s catch . ) 

For a part i cu l a r  gear g and spe c i e s Sp , the tota l f i sh i ng 

ef fort set by the user TEUy , g i s  sp l it between spec ies a s : 

E y , g , S ch  
Ey , g , Gummy 

= TEUy , g · [ R . T + ( 1 -R ) . cy- l , g , Sch / sumsp { Cy- 1 , g , S ch } ] 
TEUy , g - Ey , g , S c h  
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4 . 6 . 8 a S e l ect i v ity ( nets ) command 

The S e lect ivity sub-mode l 

determ i n e s  the r e l a t ive 

e f f ect ivene s s  o f  a 

part i cu l a r  gear type g i n  

catch i ng f i sh o f  d i f ferent 

age- c l a s s e s  a+ . The 

Ne t S e l ec t i v i t y 
GuNMY S choo l 

t he t a  1 I �86 1 
t he t a  2 . 36G95 
t he t a  3 u------0-.-5�_ 

l,:;;;;;;====;;;;;;:J 
OK Cance l 

S e lect ivity ( nets ) model dea l s  with g i l l  nets . 

The s e l ect ivity o f  6 " , 7 " and 8 11 mesh nets is  ba sed on the two 

parameter ( theta l , theta2 ) mod e l  of Kirkwood and Wa lker 1 9 8 6 . 

An a dd i t i ona l parameter ha s been added ( theta3 ) to dea l with 

d i f f erent po s s i b l e  l eve l s  o f  " ghost f i sh ing " . 

/MSN c a l l s  up the S e l ect ivity ( nets ) f orm above . 

Def i n i t i on 

For spec i e s  Sp , the se lect ivity sa , g , sp , sx of ( net ) gear of mes h  

m9 depends o n  the l engths o f  f i sh in the var i ous age c l a sses . 

Equat ions 

Given theta l , theta2 , theta 3 , mg and La , sp , sx = 

betag , sp = - 0 . 5 ( theta15p . mg 
- ( theta 1 5p * * 2 . mg* * 2 + 4 . theta2 5p ) * * 0 . 5 ]  

a lpha9 , sp . beta9 , sp = theta 1 5P
. mg 
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The K irkwood & Wa lker s e l ct ivity i s  given by : 

sKW a , g , Sp , Sx ( La , sp , sx / { a lpha9 , sp · beta9 , sp ) * * a lpha9 , sp 

exp ( a lphag , Sp - La , sp , sx / beta9 , sp ) 

The theta 3 parameter can be u s ed to exam ine the e f fects o f  

" bounce -o f f '' , whereby even though l arger sharks are not 

a ctua l ly caught by the net , they are k i l l ed by it and th i s  

contr i bute s  t o  morta l ity .  

' 

I f  tbeta3 = o . o ,  then the K i rkwood & Wa lker s e l ect ivity mode l 

i s  u s ed . i . e . 

s - s� a , g , Sp , Sx - a , g , Sp , sx ·  

Th i s  s imul ates larger sharks not be i ng as vulnerable to sma l l  

mesh g e a r  a s  are sma l ler ones . 

I f  theta3 = 1 . 0 ,  then sa , g , sp , sx = 1 . 0 for a l l  ages above the 

age at wh i ch s�a , g , sp , sx reaches its maximum va lue . Th is 

s imu lates a l l  sharks above a certa i n  age be ing equa l ly 

suscept i b l e  to the gear . 

Va lues o f theta3 between 0 . 0 and 1 . 0  enab l e  the user to a lter 

smooth ly and l i near ly the proport i ona l we ight ing of thes e  two 

mode l s . 
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4 . 6 . 8 b S e l ect i v i ty ( non-net ) comma nd 

The s e l ec t ivity of gears 

other than nets i s  entered 

direct ly by gear and age 

for a part i cu l a r  spec i e s . 

/MOG or / MOS ca l l s  up the 

S e l ectivity ( non-net ) form 

on the r i ght for gummy and 

scho o l  sharks r e spect ive l y . 

( c )  1 9 9 1  SADF 
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3 . 5 . 5  

/ A  

3 . 5 . 6  

/ XY 

/ XN  

About command 

d i sp l ays a screen of i n f orma t i on about 

Sh arkSi m vl . O .  

Ex i t  command 

( / Exit Yes ) - F i n i sh us ing SharkSim . 

i s  equ iva l ent to enter i ng [ a lt -X ) . 

Th i s  

Y ou wi l l  lose the current s imu lation u n l es s  

it  h a s  been S aved previ ous ly . 

No , don ' t  exit Sh arkSi m .  

( c )  1 9 9 1  SADF Page 2 8  



Sh arkSim v l . O  U s e r  M a nu a l  

4 EXAMPLE 

The f o l l ow i ng s equence of commands enable  the user to l earn 

the e s sent i a l s  of u s i ng SharkS im in a bout 3 0  minutes ( us i ng 

the r e commended h ardwar e ) . 

1 

2 

3 

4 

5 

6 

7 

8 

Start SharkSi m .  

/ FL S show ( enter ] 

FF 

( end ] 

[ home ] 

/VZ l 

( end ] [ enter ] 

( see  Sect ion 3 . 1 ) 

Th i s  Loads the S imu lation ca l l ed 

" show" onto the s creen . It 

i l lustrates s c i ent i sts ' best 

understand ing of the f i shery i n  

February 1 9 9 1 . 

Note the va lues and tota l s  of the 

co l our bands and h i stograms at P I T . 

Move PIT to the end of the s imu lat ion . 

Move PIT to the I n i t i a l  Year . 

Z oom the v i ew s o  that the ent ire 

s imulation is v i s ible at once . 

S imul ate f i sh i ng in 1 9 9 1  with the same 

f i sh ing e f fort as in 1 9 9 0 .  

Use [ down ] , [ ctrl-r ight ] repeatedly to set f i sh ing 

e f f ort equa l to z ero in 1 9 9 2 . Pres s  ( enter ] 15 t imes to 

s imu l ate c l os ing the f i shery from 1 9 9 2  to 2 0 0 7 . Note 

the rate o f  recovery . 

9 Pres s  FF and then use the keyboard commands l i sted i n  

S ect i on 3 . 3 . 2  t o  set 6 " and 7 "  e f f ort t o  3 0  each . Pres s 

[ enter ] ten t imes to show a susta inable po l i cy y i e l d ing 

at least 1 0 0 0  tonnes annua l ly .  

1 0  Use the keyboard commands l i sted i n  Sect i on 3 . 3 . 1  to 

measure va lues in d i f ferent years . 

1 1  / S S FA View the schoo l f ema les part of the 

stock by age-c l a s s  ( see Append ix B for 

c o l our code ) . 

1 2  Exper iment o n  your own . 

1 3  [ a l t-X ] Ex it 
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Sh arkSim v l . O  U s e r  M a n u a l  

APPEND I X  A S ervi ce and support 

I f  you exper i ence any d i f f iculty us i ng SharkS im p l ease contact 
the d eve l opers a s  s oon as pos s i b l e . 

Dr Ph i l ip S lu c z anowsk i 
S EN I OR S C I ENT I ST ( MODELS ) 
CONSULTANT 

Department of F i sher ies 
GPO Box 1 6 2 5 
Ade l a ide SA 5 0 0 1  

Te l : ( 0 8 )  2 2 6  0 6 3 3  
Fax : ( 0 8 )  2 2 6  0 6 6 4  

Hos e l ito Stankovic 
SY STEMS DES I GN 

Your s ugges t i on s  f o r  imp�ovement o f  the software , manua l or 
data s ets are we l c ome . 
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Sh arkSim v l . O  U s e r  Manu a l  

APP END I X  B Co lour codes 

Depend i ng on what is d i s p l ayed on the ma i n  screen , d i f ferent 
c o l ours represent d i f ferent informat i on a s  fol l ows : 

i )  by Spe c i e s  

Pop ( cw ) , B i rths , Catch ( cw )  and CPUE ( cw )  c a n  be 
d i s p l ayed by Spec i e s . ( ' cw '  ind icates carcass we ight ) 

Co l our 

L i ght green 
Light b lue 

i i )  by Sex and Species 

Species 

Gummy shark 
Scho o l  shark 

Pop ( cw ) , B i rths , Catch ( cw )  and CPUE ( cw)  can be 
d i s p l ayed by Sex and Spec i e s . 

i i i ) by gea r  

Co l our 

Green 
Light green 
B lue 
L ight b lue 

Sex and Species  

Ma l e  gummy shark 
Fema le gummy shark 
Ma l e  schoo l shark 
Fema l e  s choo l shark 

The E f f ort row is a lways by gear . When you disp lay a 
Spec i e s  S ex by age - c l a s s  or l ength- c l ass , B irths , 
Catch ( cw )  and CPUE ( cw )  wi l l  a l s o  be d i sp layed by gear . 

Co l our 

Red 
Ye l l ow 
Brown 
Light magenta 
Light green 
Light cyan 

. Magenta 

( c )  1 9 9 1 SADF 

6 - i nch g i l l  net 
7 - inch " " 
8 - inch " " 
Long l ine hooks 
Gear targeted at post -pups 
Other gear ta rgeted at pups 
A test gear type f or advanced 
ana lys i s  
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Sh a rkSim v l . O  U s e r  Manu a l  

iv)  by age - c l a s s  

Pop ( cw )  and B i rths can be d i sp l ayed by age-c l a s s . The 
B i rths row shows b i rths by age - cl a s s  o f  paren t fema l es . 

The c o l ou r  code is d i f ferent for Scho o l  and Gummy 
sharks . 

Code C o l our Schoo l age-class  Gummy age - c l a s s  

B irths B lue O +  O +  
I mmat_y Light blue 1+ to 4 +  1+ to 2 +  
Immat 0 Cyan 5 +  to 8 +  3 +  to 4 +  
Mat< 5 0y Light cyan 9 +  to 1 1 + 5 +  t o  6 +  
Mat< 5 0 o Green 1 2 +  to 1 4 +  7 +  to 8 +  
Mat > 5 0y Light green 1 5 +  to 2 1+ 9 +  to 1 0 +  
Mat > 5 0 o  Y e l l ow 2 2 +  to 2 8 +  1 1 +  to 1 2 +  
Mat l O O  P i nk 2 9 +  to 3 1+ 1 3 +  to 1 6 +  
Survivor Red 3 2 +  and over 1 7 + and over 

v )  by length - c l a s s  

P o p  ( cw )  and B irths c a n  b e  d i sp layed b y  length-c l a s s . 
The B i rths row shows births by l ength -cl a s s  of paren t 
fema l es . 

The colour code is  the s ame for Schoo l and Gummy sharks . 

Co l our Length-class (mm )  

B lue less than 8 0 0  
Light b lue 8 0 0  - 8 9 9  
Cya n  9 0 0  - 9 9 9  
Light cyan 1 0 0 0  - 1 0 9 9  
Green 1 1 0 0  - 1 1 9 9  
Light green 1 2 0 0  - 1 2 9 9  
Y e l l ow 1 3 0 0  - 1 3 9 9  
P i nk 1 4 0 0  - 1 4 9 9  
Red 1 5 0 0  and more 
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Sh a rkSim v l . O  U s e r  Manu a l  

APP END I X  C S cenar ios 

The databa se supp l i e d  with Sh arkSi m vl . O  conta i n s  s ome data 
sets . Thes e  represent sc ient i st s ' best understand i ng a s  at 
February 1 9 9 1 o f  the s ituat i on o f  the f i shery at th i s  model 
r e s o lut i on . Mo st o f  the s imu l at i ons re late to pred i ct ions o f  
the consequence s o f  a lternat ive management pol i c i e s  start ing 
i n  1 9 9 1 .  Contact Dr Jeremy Pr ince , consu ltant , for more 
deta i l s . 

Read the PREFACE o f  th i s  manua l and use these scena r i o s  with 
caut i on . 

Note that cap i ta l and sma l l  letters used in f i l e  names are 
treated d i f ferent ly . 

h i s tory 
ITQ8 0 0  

C 1 ITQ8 0 0  
ITQ6 0 0  

Scenar i o  

H i story o f  f i shery 
8 0 0t quota 

8 0 0t quota , lyr c l osure 
6 0 0t I I  

Resu lt 

B- 1 9 2 5 / B - 1 9 9 0  = 1 5 %  
Character i s t i c  f i na l  
esca lation o f  
effort , 2 5y 
Fina l  recovery , 3 0y 
Recovery , 2 5y 

E f f ects o f  management de lay 

D 1 I TQ6 0 0  
D2 ITQ6 0 0  

6 0 0t quota , lyr delay 
6 0 0t I I  1 2 yr I I  

Gear types 

s ix" future Current e f f ort , j ust 6 11 net 
s even" future 1 1  1 1  11 7 11 1 1  

e ight" future 1 1  1 1 1 1 8 11 1 1  

hookfuture I I  

e f f r ed S O 5 0 %  I I  

e f f 6 r ed 5 0 5 0 %  I I  

e f f 7 red5 0 5 0 %  I I  

e f f  8 red5 0 5 0 %  I I  

e f f r ed 6 6  6 6 % I I  

( c )  1 9 9 1  SADF 

I I  

E f f ort 

I I  
I I  
I I  

I I  
I I  

11 hook 

restr ict i ons 

I I  

( 6 I I ) 
( 7 I I ) 

( 8 I I ) 
( 6 & 7 11 )  

S l ower recovery , 3 5 y  
Eventua l  co l l apse , 
3 0y 

Tota l co l l apse 
II 1 1  

School co l l apse , low 
gummy equ i l ibr ium 
Tota l col lapse 
( ref : JP )  

Stabi l i ses 6 5 0t 
5 5 0t , dec l i n i ng 
7 3 0t ,  gummy 
recovers ,  schoo l low 
l O O Ot ,  s l ow recovery 
1 6 0 0t , recovery 
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Sh arkSim v l . 0  U s e r  Manua l  

APPEND I X  D Ma thema t i ca l  a lgor i thm 

Sh arkSi m vi . o  s imu lates a comp lex f i shery . The overa l l  mode l 
i s  a comb i nat i on o f  a number o f  sma l ler " sub-mode l s " . These  
are descr i bed in sect i on 4 . 6 . Th is append ix descr i bes the 
method and s equence in wh i ch these submode l s  are comb ined to 
generate the var i a b l e s  descr i bed on the screen . 

For age -c l a s s  a+ , year y ,  gear type g ,  spec ies Sp and sex Sx : 

1 

2 

3 

Na , O , s p sx i s  g iven by the I n i t i a l Age Structure mode l .  
Set y= b . 

The u s er sets a tota l e f fort �EUy , g_· The Effort 
A l l ocat i on mod e l sp l its th i s  into Ey , g , sp · 
F i sh i ng morta l i ty :  

F s s = q s . s  s s . E s I a , y , g , p , x y , p a , g , p , x y , g , p 
where q and s are supp l i ed by the Catchab i l ity and 
S e lect ivity mode l s . 

4 Tot a l morta l ity : 

z a , y , Sp , Sx = Ma , y , Sp + sumgsumsx [ Fa , y , g , Sp , sx J , 

where M i s  supp l ied by the Morta l ity mode l . 

5 Next year ' s  starting popu lation of f i sh aged 1+ and 
above : 

N a+ l , y+ l , Sp , Sx = N exp [ - Z ] a , y , Sp , sx · a , y , Sp , Sx 
6 The catch i n  number s  in year y :  

CN = a , y , g , Sp , Sx ( Na , y , Sp , Sx - Na+l , y+ l , Sp , sx ) 

. Fa , y , g , sp , sx f Z a , y , sp , sx 
7 The catch in we ight ( carca s s  we ight ) : 

cwa , y I g I Sp , Sx = 0 •  6 7 • CNa , y I g I Sp , Sx . wa , Sp , Sx , 
where W i s  supp l i ed by the Growth model . 

8 The new-bornes N0 y+ l  sp sx enter ing age - c l a ss o +  in year 
y+ l are supp l ied by the Reproduct ion mode l . 

9 Aggregates ( e . g .  Catch by age -c lass ) and rat ios ( e . g .  
CPUE ) are ca lcu l ated , the year i s  incremented by 1 ,  and 
the a lgorthm then proceed� to step 2 above with a new 
age structure N a , y+ l , Sp , s x · 
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APP END I X  E References 

Fra nc i s , R . C .  ( 1 9 9 0 ) . F i sher ies s c i ence and mode l l i ng :  A 
l ook to the future . Na t ural Resource Model ing 4 ,  1 - 9 . 

Lew i s , R . K .  ( 1 9 9 1 ) . Persona l commun icat ion . 

O l s e n , A . M .  ( 1 9 8 4 ) . ' Spec ies synop s i s  o f  schoo l shark , 
Ga l eorh i n u s  a u s tra l i s  ( Ma c l eay 1 9 8 1 )  ' ·  FAO Speci e s  syn ops i s  
No . 1 3 9 . ( Food a n d  Agr iculture Orga n i sation of the Un ited 
Nat i on s : Rome ) . 4 4 p . 

Wa lker , T . I .  ( 1 9 9 1 ) . A f i shery s imu lation mode l app l i ed to 
the gummy shark component o f  the southern Austra l i an Shark 
F i sh2ry . Sh arks Down Un der Con feren ce Proceedings . 
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Sh a rkSim v l . O  U s e r  Manu a l  

APP END I X  F RAT I ONALE FOR AND US E OF MODEL : 1 9 9 0 - 9 1 

I n  the past , our econom i c  system encouraged the explo itat i on 
o f  f i sh stocks at l eve l s  wh i ch dep l eted even those f i sher ies 
wh i ch once l a i d c l a im to be i ng ' the l argest in the wor l d ' .  
F i s h i ng pre s s ure cont inues t o  increase and stocks that are 
st i l l  econom i c a l ly product ive have never been under greater 
threat . Long - l ived spe c i e s  wh ich produce few o f f spr ing , such 
as shark , a r e  part icu l a r l y  at r i sk .  

How do we ' en l ighten and move deci s ion-makers ' ( Franc i s  1 9 9 0 )  
and make i t  p os s i b l e  for them to take tough po l it i ca l 
dec i s ions ( Lewi s  1 9 9 1 )  ? 

The Sh arkSi m proj ect i s  based on the be l ie f  that the most 
e f f ect ive way i s  to make the s i tuation of rema in ing stocks and 
the consequences o f  a l ternat i ve management acti ons so obv ious 
to everyone , i nc l ud ing f i shers and the pub l i c , that d i f f i cult  
management d ec i s i ons , wh i ch may have severe f inanc ia l 
r epercu s s i on s  f or those i n  the i ndustry , are neverthe l e s s  
taken . 

SharkSi m i s  a computer package bu i lt for th is  purpose . I t  wa s 
s ought by a spec i a l ist task f orce in the Austra l i an F i sher ies 
S ervice as " a n  agent for chang e "  to be used to convince 
i ndustry and the pub l i c  of the need for urgent and s ign i f icant 
management changes in the s outhern shark f i shery . 

I n  1 9 9 1 ,  the mode l played a key role in convincing thos e  
i nvo lved w i th the f i shery o f  t h e  need f o r  s ign i f icant change 
i n  its management . The spec ia l i st task f orce together w i th 
f i sher i e s  s c i ent i sts vis ited f i sh i ng ports where they used the 
computer graph ics package to exp l a in to the f i sh ing industry 
why they be l i eved that dra s t i c  act ion was neces sary to ha lt 
the dec l ine in the f i shery and how var ious management po l i c ies 
cou ld rehabi l i tate it . 

The exerc i s e  h i gh l ighted the va lue of biologica l  research and 
of l ong term catch and e f f ort data sets . Sh arkSim was a l s o  
used to ident i fy those areas o f  research wh ich o f f  e r  the 
greatest bene f its for future management of the f i shery . 
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AP P E ND I X  F RAT I ONAL E F OR AND U S E  OF MOD E L : 1 9 9 0 - 9 1 

I n  the p a s t , our e c o n om i c  s y stem e ncouraged the exp l o i t a t i on 
o f  f i s h  stocks a t  l eve l s  wh i ch dep l eted even tho s e  f i s h e r i es 
wh i ch o n c e  l a i d  c l a im t o  be ing ' th e  l a rg e s t  i n  the wor l d ' .  
F i sh i n g  p r e s s u r e  cont i nues t o  incr e a s e  and s tocks that a r e  
s t i l l  e c onom i c a l ly product ive have never been under g r e a ter 
t h r e a t . Long - l ived s p e c i e s  wh ich p r oduce f ew o f f sp r ing , such 
as s h a rk , a r e  p a r t i cu l a r ly a t  r i sk . 

How d o  we ' en l i ght en and move dec i s i on -make r s ' ( Franc i s  1 9 9 0 )  
a n d  make i t  po s s i b l e  f o r  them to take t ough po l i t i ca l 
de c i s i o n s  ( Lew i s  1 9 9 1 )  ? 

The Sh a rkSim pro j ect i s  based on the be l i e f  that the m o s t  
e f f ect i ve way i s  t o  make the s i tua t i o n  o f  rema i n i ng s t o c k s  and 
the c o n s equen c e s  of a l t erna t i ve management act i o n s  so obvi ous 
to everyone , i nc lud i ng f i shers and the pub l i c , that d i f f i cu l t  
ma n ageme nt dec i s ions , wh ich may have severe f i nanc i a l  
repercu s s i o ns f or those i n  the industry , are neverthe l e s s  
taken . 

Sh arkSi m i s  a computer package bu i lt for th i s  purpose . I t  wa s 
s ought by a spec i a l i s t  task force in the Austra l i an Fi sheries 
Serv i c e  a s  " an agent for change " to be used to convince 
industry and the pub l i c  o f  the need for urgent and s ign i f icant 
management changes in  the southern shark f i shery . 

I n  1 9 9 1 ,  the model p l ayed a key role  in convinc ing those 
i nvo lved with the f i shery of the need f or s ign i f i cant change 
in its management . The spec i a l ist task f orce together w i th 
f i sher i e s  scient i st s  vis ited f i sh i ng ports where they used the 
computer graph ics package to exp l a i n  to the f i sh i ng industry 
why they be l i eved that drastic act ion wa s necessary to h a l t  
the dec l ine in  the f i shery and how var ious management po l i c i es 
cou l d  r ehabi l itate it . 

The exerc ise h i gh l ighted the va lue o f  b i o l og ica l r e s e a rch a nd 
o f  l ong t e rm catch and e f fort data s ets . Sh arkSi m was a l s o  
u s ed to ident i fy those a r e a s  o f  research wh ich o f f  e r  the 
g r e a t e s t  bene f i t s  for f uture management of the f i shery . 
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SHARKSIM 2E 

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

Variable name 
o n  screen 

Popul atn ./ 
Births ./ 
Catch,g ./ 
CPUE ,g ./ 
Catch , a  
CPUE,a 
Av.Ln ./ 
Av.Wt 
AvLn.All 
SpEffrt 
Effort ./ 

TIME DEPENDENT VARIABLES DISPLAYED ON SCREEN (POPULATION MODE) 

N ame Units Symbol or Eguation 

Popul ation tonnes cw N a.y,Sp,Sx· W a.Sp.Sx 
Births tonnes cw B lap.y.Sp.Sx 
Catch by gear tonnes cw sum. sums,CW•.y.g,Sp,Sx 
Catch per u nit effort by gear tonnes cw/ lOOOkm-lift CPUEy.g.Sp.S• 
Catch by age tonnes cw sum8 sum5.CW•.y.g,Sp.S• 
Catch per u nit effort by age tonnes cw/lOOOkrn-lift CPUEa.y.Sp.Sx 
Average l ength of catch by gear mm sum.CW•.y.g.Sp.S.-L•.Sp.S• /sum .CW • .y.g,Sp .S• 
Average weight of catch by gear kg sum0CWa.y.g,Sp.S.-W•.Sp/3• /sum0CW0.y.g,Sp.Sx 
Average l ength total mm sum�um.CW•s.s.sp.sx ·L•.Sp.S• /sum8sum.CW • .y.g.sp.sx 
Effort by species lOOOkm-lift sum�y.g.Sp 
Fishing effort by gear lOOOkm-lift Ey,g,both-Sp 

Variabl e  with ./ m eans it is on screen by default on start-up 
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Model 

I niti al  Year 

Initi al Age 
Structure 

M ortality 

Growth 

Reproduction 

Effort Allocation 

Catchability I Power 

Selectivity(Net) 

Selectivity(Non-Net) 

SHARKSIM 2E 

START PARAMETER SET (POPULATION MODE) 

Ex12lanati on 

Calender year at 
start of 
simulation 

To compute 
Ma,y.Sp from 
Na,y.Sp,Sx 

To compute 
La,Sp.Sx 
and Wa,Sp,Sx 

To compute 
No,y+ l .Sp.Sx from 
N a,y.Sp,female 

To compute Ey.g.Sp 
from Ey,g,both-Sp 

To set Ps.sp and 
compute qy,g.Sp 
from y and 
Na,y,Sp,Sx 

To compute 
Sa.g.Sp.Sx for nets 
using method of 
Kirkwood and 
Walker 1986 

To set sa.g.Sp.Sx for 
non-net gears 
(gummy and 
school separately) 

Parameters Default (start-uE) value 

Di spl aye d  cal ender year 1923 

(y=O) 

Na,O .Sp.Sx Table ( see figure . . .  ) 

Gummy School 
�up.Sp 0 .20 0 . 10 

�t-pup.Sp 0.20 0 . 10 

aMsp 2.00 4 .00 

bMsp 9 . 00 5 .00 

cMsp 0 . 00 0 .00 

Gumm Gummy School 
y Male Female 

Linf,Sp.Sx Female 1 4 1 7 .00 16 18.00 

ksp,Sx 20 19.00 0 . 17 0 . 16 

tOsp,Sx 0.09 -2 .08 - 1 .28 

aWsp,Sx -3 .0 1 0 .00 0 .00 

bWsp.Sx 0 . 00 2.96 3 . 18 

3 . 16 

Gummy School 
arsp -3 .10  29.70 

brsp 1.43 0 .00 

fap.Sp Table (see figure . . .  ) 

(for PIT ye ar = 1923) 

Targ-S Rat 
Targ-Sn6 Rat,,6 1.00 0 .20 

Targ-Sn7 Rat,,7 1 . 00 0 .60 

Targ-Sn8 Rat,,8 1 .00 0 . 70 

Targ-Si,0 Rat,,0 1 .00 0 . 80 

Targ-SPP Ra�p 1 . 00 0 .50 

Targ-Spu Ra�u 1 . 00 0 .50 

Targ-S,. Ra�. 1 . 00 0.50 

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

qOg,Sp Table ( see figure . . .  ) 
b�,Sp 
qdd�.Sp 
kdd�.Sp 
Pg,Sp 

Gummy School 
theta lgummy theta lschool 186.00 192.00 

theta2gummy theta2school 36695.00 67597.00 

theta3gummy theta3school 0.50 0 .50 

sa.g.Sp,Sx for n on-net gears Tables (see figures . . .  & . . .  ) 

2 

School 
Male 
1583 .00 

0 . 17 

- 1 .25 

0 .00 
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SHARKSIM 2E 

SIMULATION ALGORITHM (POPULATION MODE) 

L E nter Start Parameter Set (see page ?) 

2.  Calculate preli mi nary parameters and variables 

Length: La.Sp.Sx 

Whole weight: w • .Sp.Sx 

Linf.Sp.Sx· [ 1  - exp 1-ksp,Sx· (B.sp,Sx - tOsp.Sx + 0 .5) } l 

a W Sp,Sx·La.Sp.Sx ** b W Sp,Sx 

Selectivity of nets using method of Kirkwood and Walters ( 1986) .  For m8 = 6",  7", 8":  

betag,Sp = -0.5[theta 18P.m8 - (theta18P **2 .mg **2 + 4.theta28P)**0.5] 

Sa.g.Sp,Sx 

3 .  N • . o.Sp.Sx i s  given b y  the Initial Age Structure model from Step 1 above . S e t  y=O. 

4. The user sets a total effort Ey,g,both-Sp· The Effort Allocation model splits this by species:  

5.  N atural mortality: 

6 .  Fishing mortality: 
Catchability 

7.  Total mortality: 

Ey.g,sdloo1 

Ey.s.gummy 

M • .y.sp 

M•.y.Sp 

qy.g.Sp 

Fa.y.g,Sp.Sx 

Za.y.Sp,Sx 

Ey,g,both-Sp· [Rat8.Targ-S8 + ( 1-Rat8) .Cy- l ,g,school /sum8P(Cy- l .g,achooll ] 

Ey,g,ooth.sp - Ey.g,achoo1 

Mpup.Sp + cM8p.sum(both-Sx)sul'I1<a:bM., ,0 32) [N •.y.Sp.sxD for pup ages (a=O to aM8P) 

Mpost-pup.Sp for post-pup ages (a=aMsp+ l to 32) 

qOg,Sp + (b qg,Sp·Y) + qddqg,Sp·exp( -kddqg.sp·su�.t-pupsums.[N • .y.Sp.sxD 

qy,Sp· Pg,Sp·Sa.g.Sp.Sx·Ey,g.Sp 

8 .  N ext year's starting population o f  fi sh aged 1 + and above: 

N a+l.y+l ,Sp.Sx = N a.y.Sp.Sx· exp[-Za.y.Sp,sxl 

9.  The catch in numbers in year y: 

10.  The catch i n  weight (carcass weight) : 

1 1 .  The new-horns No.y+l .Sp.Sx entering age-class O+ in year y+ l are supplied by the Reproductio n  model 

BI•p.y.Sp 

N O.y+l .Sp.Sx 

max[O. O, arsp + brsp·Wa.Sp.fema1.l · Nap.y.Sp.femaie·fap.Sp 

sum.P[BI•P.Y.SP)/2 

12.  Aggregates ( e .g. Catch by age-class) and rati os (e .g. CPUE) are cal culated, the year is incremented by 1 ,  and the 
algorithm then proceeds to step 4 above with a new age structure Na.y+l.Sp.Sx· 

3 



SHARKSrn 2E 

DEFINITION OF SYMBOLS, INDICES, AND NOTATION USED (POPULATION MODE) 

Symbol 

Indice s 

a 
ap 
both-Sp 
female 
g 
gummy 
GF 
GM 
ho 
m ale  
n6 
n 7  
n 8  
post-pup 
pp 
pu 
pup 
school 
Sp 
Sx 
SF 
SM 
te 
y 

Definition 

Age 
Parental age of female 
B oth species  
Femal e  
Gear type 
Gummy shark 
Gummy female 
Gummy male 
Gear type, hook 
M al e  
Gear type,  6-inch gill-net 
Gear type, 7-inch gill-net 
Gear type, 8-inch gill-net 
Sharks aged aM5P + 1 and over 
Gear type, gear that kills post-pups 
Gear type, gear that kills pups 
Sharks aged 0 to aM5P 
School shark 
Species (gummy, school)  
Sex 
School female 
School male 
Gear type, test gear 
Year 

Parameters, Observations, and Symbols 

alphag.Sp 

ar8P 
aMsp 
aWsp,Sz 
Av.Ln 
AvLn.All 
Av.Wt 
beta8.sp 

bqg,Sp 
br8P 
bMsp 
bWsp,Sz 
Births 
B I•p.y.Sp 
cM8P 
cy.g,Sp 
Catch , a  
Catch,g 
CNa.y.g,Sp,Sx 

N et selectivity parameter related to gear mesh si ze m8 and length of sharks for speci e s  Sp (see 
Kirkwood and Walker 1986) 
Parameter affecti ng number of births for femal e  of parental age for species Sp 
Parameter used in mortality m o del : "Last age at which shark called a pup" 
Allometric growth parameter i n  the van Bertalanffy growth equation for species Sp and sex Sx 
Time dependent variable name shown on screen (see p age 1)  
Time dependent variable name shown on screen (see page 1)  
Time dependent variable name sho wn on screen ( see  p age 1)  
Net selectivity param eter related to gear mesh si ze m 8  and length of sharks for species  Sp (see 
Kirkwood and Walker 1986) 
Parameter used to compute qy.g,Sp representing i n creased efficiency over years 
Parameter affecti ng number of births for femal e of parental age for species Sp 
Parameter used in m ortality model ( density depende nce) 
All ometri c  growth parameter i n  the van B ertalanffy 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-cl ass i n  year y far speci es Sp 
Parameter used in m ortality model (density dependence) 
Catch i n  year y by gear g for species Sp 
Time dependent variable name shown on screen ( see page 1)  
Ti me dependent vari able name shown on screen (see page 1)  
Catch in numbers of  fish of  age a +  in year y far a particular gear g for species Sp and sex Sx 



CPUE 
CPUE ,a 
CPUE ,g 
CWa.y.g,Sp.Sx 

E 
Ey.g,both-Sp 
Ey,g,Sp 
Effort 

Fa.y.g,Sp.Sx 
ksp,Sx 
kddtlg,Sp 
La.Sp.Sx 
Linf.Sp.Sx 
mg 
M 
M•.y.Sp 
�up.Sp 
M_t-pup.Sp 
N 
No.y.Sp,Sx 
Na .O,Sp,Sx 
Na .y ,Sp,Sx 
N ap.y.Sp,female 
Pg,Sp 
Popul atn 
q 
qy.g.Sp 
qOg,Sp 
qddqg,Sp 
Rat8 

s 
Sa.g.Sp,Sx 
SpEffrt 
tOsp,Sx 
theta 15P 
theta2sP 

theta35P 

Targ-88 

Catch per u nit effort 
Time dependent vari able nam e  shown on screen (see page 1)  

Tim e  dependent vari able name sho wn on screen ( s e e  page 1 )  

Catch i n  weight (carcass weight) of fish o f  age a+ in  year y fo r  a particular gear g fo r  species Sp and 
sex Sx 
Fishing effort 
Fi shing effort in year y for gear g and both speci es ( gummy and school ) 
Fi shi ng effort in year y for gear g and species Sp 
Tim e  dependent variable nam e  shown on screen (see page 1 )  

Proportion o f  femal es b y  parental age that are mature fo r  species Sp 
Fi shi ng mortality 
Fishi ng mortality for fish of age a+ in year y from gear g for species Sp and sex Sx 
Allometric growth parameter i n  the von Bertal anffy growth equation for speci es Sp and sex Sx 
Parameter used to compute qy.g.Sp (density dependence) 
Length of a fish (mm) of age a +  for species Sp and sex Sx 
Asymptotic length parameter in the von Bertalanffy gro wth equation for species Sp and sex Sx 
M esh size of gill -net, i . e .  g i nches 
Natural mortality 
Instantaneous natural mortality of a+ age-class fish i n  year y for species Sp 
Instantaneous n atural mortality of pups for species Sp 
I nstantaneous natural mortality of post-pups for species Sp 
Number of fi sh 
Total number of births at the beginning of a simulation year y for species Sp and sex Sx 
I nitial age structure : Number of fi sh of age a+ in the Initial Year (0) for species Sp and sex Sx 

. Number of fi sh of age a+ i n  year y for species  Sp and sex Sx 
Number of femal e  fish of parental age in year y for species Sp 
Power by gear g and species Sp 
Time dependent vari able nam e  shown on screen ( see p age 1)  

Catchability 
C atchability of species Sp to gear g in year y 
Parameter used to compute qy,g,Sp (base value) 
Parameter used to compute qy,g,Sp (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 i n  the previous year (y- 1 ); values range from 0.0 ( effort i n  same 
proportion as their catches in  the previous year) to 1 . 0  ( effort split i nto 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 scree n  ( see p age 1 )  

Parameter i n  the von B ertalanffy growth equation fo r  species Sp and sex Sx 
Net selectivity parameter based on model of Kirkwood and Walker 1986, for species Sp 
Net sel ectivity parameter based on model of Kirkwood and Walker 1986, for species Sp (Variance of 
length of fi sh captured by gill-nets ( constant for all m esh si zes), for species Sp) 
Additional net sel e ctivity parameter deali ng with different possible levels of "ghost fi shing", (e .g. the 
effects of "bounce-off' , whereby l arger sharks not actually caught by the net, are nevertheless killed 
by it thus contributing to mortality). Values of theta3 b etween 0.0 and 1.0 enable user to alter 
smoothly and linearly th e proportional weighting betwee n  the model of larger sharks n ot being as 

vul nerable to small mesh gear as the smaller ones,  and the m odel of all sharks above a certain age 
being equally susceptible to the gear 
Target (School):  Parameter all ocating the am ount 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 all ocated to both species 
Whole weight of a fi sh (kg) of age a+ for species  Sp and sex Sx 
Total mortality of fi sh of age a+ in  year y for species  Sp and sex Sx 
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