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Executive Summary 

Data on world fisheries production demonstrates the recent decoupling of capture

fisheries output from human population growth. Australian data mirror both the

declines in world capture fisheries and only marginal increases in global aquaculture

in the last decade.

This study incorporates historical data on 220 individual Australian fisheries and

simulations of future yields for each into a much broader model of Australia’s future

population growth, energy availability and total resource use and environmental

quality (The Australian Stocks and Flows Framework) to simulate scenarios for our

future fisheries supply and demand to 2050.

Reality checks of individual fishery simulations against known trends in data and

independently derived future yield expectations engendered confidence in the

methodology used for evaluating individual fisheries.

Most scenarios using aggregate data suggest continued declines in capture fisheries

production for at least the next decade and limited prospects of a return to the peak

production levels of the late 1980s and early 1990s. Against a background of

increased human population growth, elevated per capita demands and heightened

international competition for the world’s limited fish supplies, current management

strategies are questioned.

The need to take a more holistic approach to commercial and recreational fisheries

management, and in particular to include broader ecosystem impacts such as

pollution, habitat degradation and other users of aquatic resources, is stressed. An

example is made of the rapid recovery in seal populations in southern Australia and

the associated uncertainty over the impact this increase in seal biomass and

associated seafood consumption may have on commercial and recreational fisheries.

The implications of the growing imbalance between fisheries production and

demand are developed in the context of current fisheries management policies and

strategies and associated institutional responsibilities.
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1. Global Context

Historically world fisheries production has mirrored human population growth

(Figure 1). Current total world production of fisheries product is reported at almost

130 million tonnes (FAO, 2001). A little more than 90 million tonnes of this total

comes from capture fisheries and more than 30 million from aquaculture (Figure

2a,b). The significance of declared fisheries production from China to the world’s

output is readily apparent. Discarding data from two additional countries, Chile and

Peru, removes the variation due to large episodic swings in production of

anchovetta.

While China’s declared figures overstate actual production, particularly in more

recent years (see for example Watson and Pauly, 2001), they also reflect China’s

relatively late industrialisation of capture fisheries and a national commitment to a

rapid increase in aquaculture throughout the 1990s. Excluding figures from China

shows that the increase in aquaculture production in the rest of the world since

1988 has totalled a little more than four million tonnes. This increase is less than

half of the decline of nine million tonnes in capture fisheries production in the

same period from countries excluding China, Chile and Peru (Figure 2).
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Figure 1. Historical trends 
in human population growth, 
and predicted trends from
1995 (from FAO 1996) and
world fisheries production 
(from Mace 1996).
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The fish model in ASFF is one of 32 linked models describing the interrelations

between major sections of Australia’s physical economy. The ‘demand’ side of ASFF is

driven by a detailed human population model which in turn drives the requirements

for food, houses, cars, services and institutions. The ‘supply’ side of the model is

derived from basic resource models of agriculture, forestry, fishing and mining. An

external trade calculator (imports and exports) and an industry calculator combine to

produce the complement of physical goods required by a particular Australian

population.

4 .3  The  ASFF  f i sh  ca lcu la to r

The ‘fish futures’ calculator in the ASF framework works on a yearly timestep and runs

220 fisheries in parallel. This allows fish stocks and fish production to be viewed as

single units, as institutional groupings (Commonwealth and state fisheries) and as

broad marine classes (molluscs, echinoderms, crustaceans, scale fish, other). The

current version of the calculator is grounded in a 50 year history (1950 – 2000) for each

fish type and simulates the different scenarios for the next 50 years (2002 – 2050). A

simple Schaefer Model using the logistic or ‘s-shaped’ curve is at the heart of the

fisheries calculator. While fisheries modelling has developed more complex approaches,

the Schaefer Model was judged to be the most useful in this case for the following

reasons:

• The underlying logic is consistent with knowledge of basic fisheries systems

•  It is the simplest model that captures the essence of fisheries population

dynamics

• It is driven by only two key parameters (estimates of virgin biomass and

stock growth rate)

• It has minimal data requirements and uses catch data as a measure of

relative abundance

• Outputs can be used to represent single species as well as broader groupings

• Outputs are easily summed to represent overall trends

• Individual simulations can be modified to accommodate outputs from more

sophisticated simulations

11
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Simplified Fisheries Calculator in ASFF

The policy inferences drawn from the Schaefer Model are moderately robust and

defensible for two reasons. Once the historical model is functioning well (a ‘good fit’ in

model calibration terms), the future scenarios simulate the next 50 years with

transparent modelling assumptions rather than hidden computer code. The second

advantage in national policy terms is that all fisheries are then treated equally, and the

analysis does not get bogged down in a battle between modelling methods, within and

between jurisdictions. These advantages do not mean that the future scenarios are

‘correct or proven’ in a reductionist scientific sense. Rather they make the most of the

available catch data and provide the platform for a "best bet" analysis of future

management options.

4 .4  The  f i sh  da tabase

Good catch data for each fishery underpins the credibility of the simulation approach.

The national fish data base was assembled with the enthusiastic help and facilitation of

the project steering committee who represented most state and commonwealth

managers and sources of fishing data. An ideal data set for each of the 220 fisheries

modelled could be characterised as catch data for each year from 1950 to 2000 with

specific commentary on major fluctuations in yearly catch. While substantially correct

12
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data sets are available for nationally important fisheries, such as the southern bluefin

tuna, northern prawn and West Australian rock lobster fisheries, the ‘typical’ was a

long way from the ‘preferred’ (data sets are described in Lowe et al., in press.).

The task of assembling the information included the following components:

• The project was able to compile basic catch data representing 85% of

Australia’s yearly fisheries production (tonnes) and value (dollars).

• The full information base contained data, of varying quality, on more

than 600 fish units across all jurisdictions. This was refined, based on data

quality and the size of the fishery, to approximately 160 key fish units

and a further 60 minor units giving a total of 220 fish units available for

simulation to 2050.

• The concept of a ‘fish unit’ was chosen which represented (in a perfect

world) a single species, a single management regime (trawl, line, net), in a

spatially defined marine or freshwater location. In reality, many fish units

span an amalgam of catch data and management regimes.

• Time series data were inevitably fragmented within many fish units;

generalised data checking and interpolation methods were used to obtain

continuous data series for each unit. Where exploitation history was clear,

the date of first catch commenced with a presumed 100% virgin biomass.

Otherwise time series data were back cast to 1950 with an assumption

(known to be questionable) that biomass levels for most fisheries were

relatively intact at that time.

• Simulation experiments, expert opinion and literature review were used

to constrain the likely historical estimates of virgin biomass, resulting in a

‘best bet’ level being selected for each fish unit to commence history in

1950.

• A wide range of ancillary data was collected for boats, exports, imports,

dietary consumption, aquaculture, etc, which was used in the

assumptions contained in the overall ASFF model. Details on data

compilation and use are given in Lowe et al (in Press).
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4 .5  Computa t i ona l  f ramework

The outcome of model development and database construction has resulted in an

analytical capability as follows:

• The first national fish data set and modelling capability operating at the

level of 220 fish units that run in parallel to 2050.

• The ability to recreate the past to 1950 and simulate the future to 2050,

and to report aggregate outputs at national and state levels and for 

each unit.

• Linkages to important drivers such as population, tourism, energy and

fishing infrastructure contained within the national ASFF model.

• Relevance to other national futures work undertaken by CSIRO on

futures for human population, land and water, energy and 

greenhouse effects.

4 .6  Scenar ios  t o  2050

Because the mid-term and long-term future is difficult to forecast, scenarios are often

used to capture both opportunities and threats that might occur outside an

immediate management focus. In this context, scenarios are stories of the future

that are propelled by important drivers and are subject to critical uncertainties.

Within the management process of foresighting, scenarios are used to prepare firms

and institutions for crises that may or may not occur. Scenarios should spur capacity

building in organisations and stimulate the quest for additional knowledge and

skills.

In this study, scenarios take on a deeper meaning. In addition to the story telling

component, we have been able to test the physical feasibility of several scenarios

using industry catch data, a biological understanding of how fisheries function and a

simple model or calculator that brings this together. Three fisheries management

scenarios have been used:

• The ‘cautious’ scenario where, from the year 2001, an attempt is made to

obtain the average catch for the last decade (1991 – 2000). If this catch

rate pushes the fishery below 20% of virgin biomass, the fishery is closed

until the 20% level is again reached. Fishing then re-commences at levels

where yearly growth and yearly production are more or less balanced.

14
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• The ‘optimum long-term’ scenario attempts to implement ‘improved’

management with initially lower catches designed to increase the level of

biomass and its resilience. Where fish stocks are near virgin biomass levels

(before fishing intensifies), catch rates are set to decrease stocks to

approximately 72% of the biomass that supports theoretical maximum

sustainable yield. Where fish stocks are low, catch rates are set to 80% of

yearly growth rate. This allows some fishing to continue and the fish

stock to gradually increase, particularly for longer lived species. In time

the yearly catch rates also increase.

• The ‘continuous fishing’ scenario attempts to catch the average of the last

ten years (1991 – 2000) in each fishery. Compared to the cautious

scenario however, it does not implement better management when fish

stock levels decrease below 20% of virgin biomass. The scenario allows

current market ideologies and associated low discount rates (a preference

for short term decisions) to dominate fisheries management.

These three scenarios have been used to create two distinct groups of simulations:

firstly, those based totally on catch records, the base case (Figure 14), and secondly,

those based on catch records but including the assumption that the predicted

growth in seal populations and their consumption of fish and other marine

organisms (Goldsworthy et al. 2002) will have a direct impact on commercial

fisheries (Figure 15). The simulation of this effect of seals is inevitably coarse, given

the large scale of this modelling study and the extremely limited information

available on the feeding behaviour of seals and the great uncertainty over the impact

growing seal populations will have on fisheries and their exploitation.

The background structure to all scenarios has much in common. Ten important

drivers are the same allowing a focus on fisheries management rather than the

millions of whole-economy interactions that may change appreciably over the next

50 years. The important and relevant drivers are as follows:

1. Domestic population reaches 25 million by 2050 in line with base

case scenario in the CSIRO ‘Future Dilemmas’ population report

(Foran and Poldy, 2002).

2. International inbound tourists reach 32 million per annum by 2050,

who together with domestic tourists, have travel preferences mainly

focused on Australia’s east coast.

15



MODELLING AUSTRALIA'S  FISHERIES TO 2050:  POLICY AND MANAGEMENT IMPLICATIONS

FISHERIES RESEARCH AND DEVELOPMENT CORPORATION

3. Domestic consumption of sea food increases to 17 kg per capita by 2020 and

then increases again to 25 kg by 2050. This is against a global per capita

consumption of 17 kg by 2020 (Delgado et al., 2002), noting that in many

countries total consumption is much closer to total live weight of fish than

is the case in Australia (see Sections 7.1 and 7.2).

4. Aquaculture production doubles in physical terms (tonnage) by 2020 and

then doubles again by 2050.

5. The recreational catch uses the physical and demographic results from the

recent national recreational fishing survey (Henry, pers. comm.) and applies

them (without change over time) to the evolving domestic population and

international inbound visitors. Fish stocks so impacted are generally inshore,

adjacent to centres of population and tourist activity.

6. Commodity exports continue to expand using trends from the last 20 years.

Import volumes are used as indicators to balance the difference between

domestic requirement (people by per capita consumption) and domestic

availability (total production minus exports). We assume that we will be able

to afford import requirements to 2050.

7. Given the possible roll-over of world oil supplies around 2020, we assume

that fisheries production will not be constrained by fuel availability or price,

since fuel will be imported or a switch will be made to compressed natural

gas.

8. There are no overt environmental effects attributed to any fishery apart from

those already embodied within the historical production record and stock

assessments forming the basis of the simulation model for each fishery.

9. Each fishery is simulated as an individual unit with no ecological effects

(density dependence or eating down the food chain etc) or secondary

management effects (stock decline in one fishery giving rise to an increase in

take from another fishery).

10. The seal effect is applied to fish units forming obvious and sizeable parts of

seal diets.  Current seal numbers are pro-rated geographically to the

appropriate southern coast fisheries and different yearly consumption rates

(kilograms per animal), from Goldsworthy et. al., 2002, applied for each type

of seal and sea lion. No account is made for the reported increasing

geographic distribution of seals. Under these assumptions, seals do not

appreciably impact fisheries outside the 2000 range of the seal species, for

example no impact is shown for NSW state fisheries.
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5. Reality Checking of the Modelling Approach

The model outputs for individual fish stock units were checked by the authors

against published reports and industry perceptions. The level of agreement

was surprisingly strong. For the few fisheries where deviations were obvious,

the outputs were discussed with key researchers and modifications made

where appropriate.

5 .1  Rock  Lobs te r  –  Wes te rn  Aus t ra l i a

The close correlation between the projected long-term yield and average

catches in recent years is the result of a long time-series of accurate data on a

carefully managed single species fishery operating at close to the maximum

sustainable yield.

5 .2  Snapper  –  Wes te rn  Aus t ra l i a

After a notable peak in catch in the mid 1980s, production from this fishery

has been relatively consistent. The simulations suggest that the total biomass

has undergone a gradual decline, which, if continued, would necessitate a

significant restructure of the fishery before 2040. It should be noted that

current catch levels are just in excess of the simulated growth in the resource.

Therefore, if catches were to be reduced by about 10% in the immediate future

the resulting annual harvest of approximately 1000 tonnes would be

sustainable.

It is also significant that a change in management strategy, as suggested above,

would result in a total decrease of only 2,000 tonnes in the simulated total

yield to 2020 (all 20 years combined) and an increase in the yield to 2050 of

1,200 tonnes. These variations, while of great importance for this fishery, have

limited impact on projections of Australia’s total fisheries production to 2020

and beyond.
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Figure 9 (a). Simulated historical and future catch and
growth rate of Western Australian Snapper in the base case
scenario (b) Simulated virgin biomass and evolving
biomass for the historical and future scenario periods.

Figure 8 (a). Simulated historical and future catch and
population growth rate of Western Australian Rock Lobster
in the base case scenario (b) Simulated virgin biomass and
evolving biomass for the historical and future scenario
periods.



MODELLING AUSTRALIA'S  FISHERIES TO 2050:  POLICY AND MANAGEMENT IMPLICATIONS

FISHERIES RESEARCH AND DEVELOPMENT CORPORATION

5 .3  Nor thern  Prawn

Aggregation of the major commercial species masks the extremes in fluctuation

of abundance of individual species, but facilitates simulation of the composite

northern prawn fishery. The benefits of management since the early 1980s are

reflected in improvements in the underlying resource biomass. Notwithstanding

inevitable seasonal variations in abundance of individual species, the collective

yields from this fishery are projected to be sustainable at approximately current

catch levels.

5 .4  Sou thern  B lue f i n  Tuna

The long time-series of relatively accurate global data coupled with accepted

estimates of virgin biomass and longevity of the species engenders confidence in

the understanding of the response of the stocks to exploitation, and in future

projections. In the context of simulating future resource responses to possible

management scenarios (the purpose of this research) it must be noted that, even

for this single species fishery with relatively excellent data and frequent

international peer review of assessments, continued declines in the resource base

have, to date, proven unavoidable.

These simulations suggest that if the current global catch could be reduced in

the next few years to a little more than half of current levels then catches could

be continually increased until at least 2050.
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Figure 10 (a). Simulated historical and future catch and
growth rate of the Northern Prawn fishery in the base case

scenario (b) Simulated virgin biomass and evolving
biomass for the historical and future scenario periods.
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Figure 11 (a). Simulated historical and future catch and
growth rate of Southern Bluefin Tuna in the base case

scenario (b) Simulated virgin biomass and evolving
biomass for the historical and future scenario periods.
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5 .5  Eas te rn  Gemf i sh

Modelling of this fishery is based on comparatively good data and concerted

species-specific research.  The historical record reflects a classical and most

unfortunate tale of over-exploitation.  Simulations suggest that reasonably

rapid recovery should be possible almost immediately, however the failure of

the resource to respond to virtually zero targeted harvest since the mid 1990s

confirms the difficulty of nurturing resource recoveries when incidental

catches continue to occur.

5 .6  K ing  George  Wh i t i ng  –  Sou th  Aus t ra l i a  ( i nc lud ing
increased  p reda t i on  by  sea l s )

The time series of real data on this fishery describes a relatively well controlled

reduction in biomass by a gradually increasing, managed fishery. The

precipitous declines in simulated biomass in the late 1990s and the suggested

collapse of the fishery around the year 2020 are driven by the simulated

increasing impact of the rapidly growing seal populations in South Australia.

The extremely limited data on consumption of fish by seals suggests that

whiting are a small, but notable, component of seal diets.  If seal consumption

were to continue in line with anticipated increases in seal populations

(Goldsworthy et al., 2002) and human exploitation, through the existing

commercial and recreational fisheries, were to continue unchecked, then these

simulations suggest that populations would totally collapse in the near future.

This dramatic and total collapse is thought unlikely. However, its simulation

highlights the uncertainty of managing competing users of a delicately

balanced fish population close to biologically sustainable limits. It also

emphasises the need to accommodate ecosystem impacts, such as food-chain

and density dependence, in future scenarios, particularly if they are to

influence management decisions. In contrast, Goldsworthy et al.’s (2002)

suggests marginal increase in whiting stocks as seal populations increase. 
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Figure 12. (a) Simulated historical and future catch and
growth rate of Eastern Gemfish in the base case scenario
(b) Simulated virgin biomass and evolving biomass for the
historical and future scenario periods.
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Figure 13 (a). Simulated historical and future catch and
growth rate of South Australian King George Whiting in
the scenario which includes the seal effect (b) Simulated
virgin biomass and evolving biomass for the historical
and future scenario periods.
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6. Results

6 .1  To ta l  p roduc t i on  fo r  t he  th ree  scenar ios  based  on
aggrega te  ca tches

Fisheries production declines in all three scenarios from levels experienced over the

previous two decades (Figure 14). Some of this decline is assumed in the

implementation of the scenarios (see Section 4.6) and should not be interpreted as

a prediction. However there are a number of driving issues such as stock dynamics

embodied in the 50 year history that suggest these simulation outcomes are

reasonably robust, or at least as robust as the underlying data set will allow.

Total Wild Caught Production

The ‘continuous fishing’ scenario sees a steady decline in simulated wild caught

production from around 200,000 tonnes currently to a more or less steady level of

130,000 tonnes after 2030. This ‘open slather’ approach should not be interpreted

as a real option and is meant to set a benchmark for a profound failure in public

policy and industry self-management should the imperative for effective action be

resisted. The ‘cautious’ scenario shows an immediate drop in simulated wild caught

fisheries due to the scenario implementation starting in 2002 whereby fish stocks

below 20% of virgin biomass are immediately closed to fishing until stocks recover

(see section 4.6). Under these assumptions the total wild caught production

declines to around 170,000 tonnes per annum by 2020 and is more or less stable

thereafter. The ‘optimum long term’ scenario drops production sharply in 2002 as a

result of the similar aggressive approach to the improvement of fish stocks and the

catches derived therefrom. The simulated advantage for the more aggressive

approach is a gradual improvement in fish catch and by 2020 it is 180,000 tonnes

per annum or a little more than 10,000 tonnes per annum above the ‘cautious’

scenario. By 2050 this advantage increases to 20,000 tonnes per annum.
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Figure 14. Historical and
simulated future total catch
for the period 1942 to 2050
from the commercial fishery
for the ‘cautious’, ‘continuous
fishing’ and ‘optimum long
term’ management scenarios. 
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Total Wild Caught Production with Seal Effect

The 50 year advantage of the scenarios which incorporate more active

management is somewhat moderate in relation to the anticipated demand for

dietary fish at 2050 (see Sections 7.1 and 7.2). Given that the ‘cautious’ scenario

probably represents a likely way forward for Australia, it suggests that we will

forgo about 10,000 tonnes per year of additional production in the short term

and at least 15,000 tonnes per year by 2050 compared to the 'optimum long

term' management' scenario. The ‘continuous fishing’ scenario gives a result that

is between about 10,000 tonnes per annum below the ‘cautious’ scenario in the

short term and 40,000 tonnes below by 2050. For the 25 million or more citizens

in the year 2050 these long term management options for wild caught fisheries

equate to a positive 0.8 kilograms per capita per year in the ‘optimum long term’

scenario and a minus 1.3 kilograms per capita per year for the less acceptable

‘continuous fishing’ scenario. It may be difficult to present cost benefit analyses

which economically and politically compel governments to adopt the more

sophisticated and difficult management required to implement these improved

fisheries management scenarios. Even today, the social and trade requirements

for short-term production often dominate national policy considerations. We

propose that these social and political pressures will steadily increase over the

next 50 years but the necessity for longer-term solutions will also increase.
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Wild Caught Production by Fish Type

6 .2  Produc t i on  by  f i sh  t ype

Most of the simulated decline in wild catch occurs in the fin-fish (including sharks

and rays) fisheries (Figure 16). For the ‘cautious’ scenario depicted, the crustaceans

(lobsters and prawns etc) and molluscs (squid, octopus, abalone etc) provide an

underpinning resilience for the overall wild catch. This is due to a mixture of

influences varying from world leading sustainable fisheries management for the

West Australian rock lobster industry to reasonably resilient stock dynamics in

prawns and squid as a result of short life cycles and high breeding potential,

provided that the habitat remains reasonably intact.

Figure 16 emphasises that the production hump in the 1980s and 1990s for fin-fish

represents the culmination of technological development and expansion into the

geographic margins of our fishing areas in a spatial sense both in area, as well as

depth of catch. The rapid expansion and decline of the orange roughy fishery is a

compelling example of this phase. While a few new fisheries will be found (eg the

relatively recent discovery of the Patagonian tooth fish) they are unlikely to

significantly impact the trend in Figures 14 and 16. The resource of species such as

skipjack tuna may be extensive, but the inability to date to take large catches of this

species cost effectively does not promise a one-fishery solution to simulated declines

in wild caught production. In any case this species is used primarily for canning and

increased landings will have little direct impact on attempts to meet demand for

white fleshed table fish.
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Figure 16. Simulated historical
and future total catch for the
period 1942 to 2050 from the

commercial fishery broken down
into five broad fish types for the

‘cautious’ management scenario.
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6 .3  Res i l i ence  o f  year l y  f i sh  ca tch  ( f l ows )

Indices that integrate the production potential of vital biological rates are shown in

aggregate in Table 1. In 2001, representing the end of actual data depicting the

history of the fisheries, 90 fisheries (41%) were judged to be under fished or fully

fished and 130 (59%) were over fished or critical. Under the ‘optimum long term’

scenario the ‘over fished’ and ‘critical’ categories come down to a combined 19% (39

+ 2) by 2020 and 15% (31 + 2) by 2050. 

For the ‘cautious’ scenarios the corresponding figures are 41% and 26% while for the

‘continuous fishing’ scenario the over fished and critical categories increase to 150

(68%) by 2020 with 101 (46%) of the total becoming critical by 2050. It should be

noted that the management strategies selected for the ‘cautious’ and ‘optimum long

term’ scenarios strive to take maximum sustainable yields from all fisheries.

Therefore under good management the number of fisheries in the fully fished

categories should increase at the expense of under fished and over fished units. Such

a response is reflected in Table 1.

6 .4  Res i l i ence  o f  f i sh  s tocks

Measures of stock resilience say more about the ecological health of a fishery than its

current productive potential. For all scenarios, the stock resilience was judged to be

‘critical’ for 25 fisheries and ‘under-fished‘ for 36 fisheries at the end of the actual

catch data record in 2001 (Table 2). Over the duration of the ‘cautious’ scenario, the

‘critical’ category increased to 64 in 2020 and 86 by 2050. The ‘under-fished’

category also rose, to 41 in 2020 and 2050 with the intermediate categories of ‘fully

fished’ and ‘overfished’ providing fisheries to their adjacent categories in the

intervening scenario periods. The ‘continuous fishing’ scenario results in marginally

more fisheries categorised as ‘critical’ while the ‘optimum long term’ scenario results

in a greatly increased ‘fully fished’ category and major reduction in fisheries

categorised as ‘overfished’ and ‘critical’.

23

Scenario Cautious Continuous Fishing Optimum Long Term 
Year 2001 2020 2050 2001 2020 2050 2001 2020 2050

Under fished 27 10 7 27 10 7 27 0 0

Fully fished 63 120 154 63 60 78 63 177 187

Over fished 73 85 52 73 87 48 73 39 31

Critical 57 5 7 57 63 101 57 2 2

TOTAL 220 220 220 220 220 220 220 220 220

Table 1. Assessment of catch rates for 220
fish units in the simulation years 2001,
2020 and 2050 for the ‘cautious’,
‘continuous fishing’ and ‘optimum long
term’ fisheries management scenarios. The
terms ‘under fished’, ‘fully fished’, ‘over
fished’ and ‘critical’ are applied where the
ratio of the average catch rate to the
average stock growth rate over the five
year period leading up to the simulation
year is 0.0-0.49, 0.50-0.99, 1.00-1.49 and
1.50 and above, respectively.
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The marked similarity between the ‘cautious’ and ‘continuous fishing’ scenarios in

table 2 arises because both scenarios attempt to take the average catch for the last

decade and differ only in the closure, in the ‘cautious’ scenario, of fisheries where

the biomass drops below 20% of virgin. Therefore no attempt is made in either

scenario to restore the biomass in fisheries that are producing continuous catches

from stock biomasses between 20% of virgin and the biomass that produces

maximum sustainable yield. All of the stocks below 20% of virgin biomass in 2001

are already classified as critical in all scenarios.
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Scenario Cautious Continuous Fishing Optimum Long Term 
Year 2001 2020 2050 2001 2020 2050 2001 2020 2050

Under fished 36 41 41 36 41 41 36 7 7

Fully fished 107 84 77 107 84 76 107 154 168

Over fished 52 31 16 52 31 13 52 25 25

Critical 25 64 86 25 64 90 25 34 20

TOTAL 220 220 220 220 220 220 220 220 220

Catch Rate
Indicator Under fished Fully fished Over fished Critical
Biomass indicator

Under fished Under-utilised Under-utilised Fully utilised Over utilised

Fully fished Under-utilised Fully utilised Over utilised Serious

Over fished Fully utilised Over utilised Serious Critical

Critical Over utilised Serious Critical Critical

Table 2. Assessment of fish stock
resilience for 220 fish units in the

simulation years 2001, 2020 and 2050 for
the ‘cautious’, ‘continuous fishing’ and

‘optimum long term’ fisheries management
scenarios. The terms ‘under fished’, fully

fished, ‘over fished’ and ‘critical’ are
applied where the ratio of the biomass at
the time to the virgin biomass is 1.0-0.8,

0.79-0.5, 0.49-0.2 and 0.19-0 respectively.

Table 3. Stock Status Indicators used in
Table 4 based upon the combination of

Catch Rate Indicators and Biomass
Indicators given in Tables 1 and 2.
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The stock status indicator is an overall measure of the health of a fishery taking into

account both the current catch rates relative to the growth potential of the biomass

and the current level of the population biomass (Table 3). It essentially measures the

capacity of the fishery to sustain the catch rates at that point in time and into the

near future.

From Table 4 the benefits of the ‘optimum long term’ scenario are again obvious.

The differences between the ‘cautious’ and ‘continuous fishing’ scenarios are almost

totally contained in the differentiation between the severe and critical categories.

6 .5  Aquacu l tu re  and  Impor t s

The future of both aquaculture and imports are difficult to foresee. Aquaculture has

considerable potential but is could be constrained by critical uncertainties. In many

production systems it relies on other fish stocks to feed the high value aquaculture

species. Also there appear to be planning, social and environmental restrictions on

many proposed aquaculture developments. This study incorporates a simple

projection of current aquaculture production to double by 2020 and double again by

2050 (Table 6). This is consistent with recent trends in aquaculture growth (Figure

3b) but may be conservative noting that the declines in Australia’s and the world’s

capture fisheries production coupled with increases in demand will likely improve

the economic climate for major investment in aquaculture.

It is particularly difficult to predict future imports of seafood. Much will depend on

the success, or otherwise, of Australia’s aquaculture industries and changing global

markets. Current data and one set of possible forecasts are given in Table 6 while

three alternative scenarios are discussed under "Lifestyle and trade dilemmas" in

Section 7.2.
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Scenario Cautious Continuous Fishing Optimum Long Term 
Year 2001 2020 2050 2001 2020 2050 2001 2020 2050

Under-utilised 33 21 25 33 21 25 33 1 1

Fully-utilised 50 55 63 50 55 62 50 117 140

Over fished 52 31 16 52 31 13 52 25 25

Over-utilised 72 50 34 72 50 31 72 65 55

Severe 17 87 83 17 27 11 17 34 21 

Critical 48 7 15 48 67 91 48 3 3

TOTAL 220 220 220 220 220 220 220 220 220

Table 4. Assessment of fish stock status
indicators for 220 fish units in the
simulation years 2001, 2020 and 2050 for
the ‘cautious’, ‘continuous fishing’ and
‘optimum long term’ fisheries management
scenarios. The terms ‘under-utilised’,
‘fully-utilised’, ‘over-utilised’ and ‘critical’
are applied where indicators of catch to
growth rates and relative biomass levels
are combined to produce the status
indicator (see Table 3).
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6 .6  E f fec t s  o f  recrea t i ona l  f i sh ing  and  s imu la ted  
sea l  consumpt ion

The simulated recreational fishery for those stocks covered in this study grows from

approximately 12,000 tonnes in the 1940s to 32,000 tonnes per annum by 2006 and

then declines marginally to 29,000 tonnes per annum by 2050 (Figure 17). The

catch demand (the demographic growth x fishing participation rate x fish caught

per fisher) continues to expand to 35,000 tonnes per year, suggesting more effort

may be applied per fish caught and that other fish units may be targeted. This

analysis must be constrained by the reality that approximately 30,000 tonnes are

caught by recreational fishers currently (Kearney, 2002) and that only 16,000 tonnes

of the commercially targeted species are represented in the simulated recreational

catch. The remaining 14,000 tonnes do not appear with sufficient data quality or

regularity to allow them to be simulated and the data have been scaled to the total

in the figure i.e. the modelled impact has been restricted to only those species for

which adequate data are currently available to enable long-term modelling. The

catch demand graph (Figure 17) suggests that the total recreational catch could grow

only marginally to 35,000 tonnes per annum if current assumptions are maintained.

If the seal effect is included (not shown) then marked declines in simulated

recreational catches occur in Victoria, South Australia, Western Australia and

Tasmania. In Queensland, the simulated catch declines are caused mainly by

increased recreational pressure in the South East of the state where significant

population growth continues to occur out to 2050 (Foran and Poldy, 2002).
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In this study recovering populations of fur seals and sea lions are simulated to be

currently consuming 300,000 tonnes per year of the species described in the model

on the basis of the biological parameters and dietary information contained in

Goldsworthy et al. (2002). Should the seal and sea lion populations continue to

expand in the way that mammal ecologists anticipate, then their total feed

requirement will exceed 1 million tonnes per year by 2035, that is, more than six

times the likely total Australian commercial catch at that time. Goldsworthy et al.

(2002) suggest that much of this increasing feeding pressure from seals can be

accommodated by local trophic interactions and species replacement. As a result,

species composition may change but the total quantity of fish available for

commercial harvest may not (Goldsworthy et al., 2002). This suggestion is, of course,

as yet untested. While Goldsworthy et al. have modelled ecosystem impacts by seals,

we remain concerned that the extent to which seals can be considered an existing

part of an equilibrium ecosystem, or a new external harvester, is problematic. We

doubt that seal populations can continue to grow exponentially and consume

upwards of a million tonnes per annum, without significantly impacting

commercial, recreational and indigenous fisheries other than by changes in species

composition. Furthermore, if seal populations do, at least, treble by 2035

(Goldsworthy et al. 2002) then their standing biomass will increase by

approximately 15,000 tonnes. We have no reliable estimate of the net cost in fish

resources to enable this increase, or to sustain the resulting population.

The models used in this study take no deliberate account of ecological variables such

as density dependence or species replacement other than those inherent in historical

catch records (see Section 7.5). As such they do not differentiate well between

consumption by an apex predator and removal by an external harvester. The net

results in our simulations of an approximate one million tonne annual

consumption by seals and sea lions range from no impact on commercial fisheries

(Figure 14) to a decline in the total Australian commercial catch of about 30,000

tonnes for each of the three scenarios (Figure 15). This 30,000 tonne impact is

expressed as a collapse of those fisheries based on species which are in 2000, a

significant component of seal diets. As such the simulated impact is extreme for

some species but in reality, the impact is most unlikely to be manifest in this

manner.

The simulated pressure of increased feed demand by seals is the main cause of the

simulated crash, in this report, in fish units along the southern Australian coastline

that are highly preferred in seal diets. These include red bait, whitings, flatheads,
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mackerels and squid. The fisheries begin to crash after 2006 in the simulation model

with the biggest effects seen in the Commonwealth and Victorian fisheries. Seals

obviously feed on a wider array of species than those caught in the commercial fishery.

Their foraging range is large in both distance and trophic level senses and allows a wide

range of dietary options. It is possible that their dietary selection will shift onto other

commercial and non-commercial fisheries as preferred target species are depleted.

Therefore the impact of seals simulated in this study may over-estimate the impact on

those species known to be included in current seal diets, but may well under-estimate the

impact on the total resources available to commercial and recreational fisheries in future

years.

Before laying the blame on seals for every problem in Australian fisheries, much detailed

information is required for each fishery. The alarming prognosis for some species

suggested by the relatively simple simulations in this report should not be accepted

without question. Rather the simulations should set a long term context within which

wild caught fisheries for humans and the maintenance of seal populations can be

balanced in an equitable fashion. They should also be used to highlight the need for

additional data on the feeding ecology of seals and further assessments of the impact of

interactions between seals and other components of their aquatic ecosystem.

6 .7  Energy  i nd ica to rs

Fishing activity uses 370 litres of diesel fuel equivalent per tonne of fish caught over the

whole commercial fishery for the scenario period 2001 to 2050 (Table 5). This result is

averaged over all boat types and fishing methods and rests on two important

assumptions. Firstly, in all scenarios, fishing stops when a stock drops below a

predetermined proportion of virgin biomass. This imposes a physical constraint on

fishing activity (ie stopping the search for the last fish) that also mimics to some extent

the economic reality of fuel prices as a major component of wild caught fisheries

production costs. The second assumption is that the physical realities of boat technology

and engines will remain approximately the same even though fuel switching to

compressed natural gas might occur, ie silver bullet technologies are improbable.

For recreational fisheries the boat fuel cost of landing a tonne of fish is currently

approximately five times higher at 1,900 litres of diesel equivalent per tonne. This

increases to 2,200 litres per tonne over time with assumptions that the recreational fish

take is maintained at current levels by increased effort. If productivity of recreational fish

stocks declines as reported in Section 6.5, then boat fuel requirements could rise to 3,000

litres per tonne. If the recreational travel to the point of boat launch or other fishing is

included, it is possible that these already high values could double or even treble.

Information from the national recreational fishing survey (Henry, pers. comm.) will

improve these estimates in the next phase of this work.
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Fishing 2001 2020 2050type

Commercial  370t 370t 370t
fishing

Recreational 1900t 2100t 2200t
fishing with
catch 
maintenance

Table 5. The boat fuel energy required in
litres of diesel equivalent per tonne caught

for the commercial fishery in aggregate
and the recreational fishery under

assumptions of catch maintenance
(30,000 tonnes per year) or catch decline

(22,000 tonnes by 2050).
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7. Implications for Policy and Management

7 .1  Human  popu la t i on  as  a  d r i ve r

It is possible that Australia’s domestic population will expand from the current 20

million to a relatively stable population of 25 million by the year 2050. Some business

interests would prefer 32 million by 2050 and 50 million by 2100 and for population

growth to continue indefinitely thereafter. Others in the Australian community would

prefer zero population growth. By 2050, world population will be approaching 9-10

billion with most of the population growth in what are now termed lesser developed

countries.

The more probable domestic population projection will bring with it a number of

inescapable realities. At least one quarter of the 25 million will be over the age of 65

who will carry with them a moderate health burden, aspirations of maintaining past

consumption patterns and most will live within 100 km of Australia’s eastern or

south-eastern coastline. Mature Australians will hold considerable electoral power

during a period when many poorly managed environmental issues of the past will

come home to roost. Major cities will continue to expand and linearly link with

adjacent population centres. Domestic tourism activity will expand and be coast

orientated. It may be overwhelmed in compositional terms by international inbound

tourism numbers of 32 million visitors per year. Two thirds of these will be of Asian

origin and favourably inclined towards coastal lifestyle and seafood consumption.
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Component 2000 2020 2050

Domestic requirement 442,0001 776,0002 1,150,0003

Wild caught production in 198,000 170,000 165,000 
the cautious scenario

Projected domestic 34,000 66,000 130,000 
aquaculture projection

Projected fish exports4 70,000 70,000 70,000

Projected fish imports5 280,000 610,000 925,000

Table 6. Extracts from simulations,
projections and historic data to provide a
schema for sourcing domestic
requirements from their possible sources.
Figures are in tonnes of live weight of fish.

Notes:
1. Assumes an Australian population of 19.5 million consuming 11.33 kg/person/annum and 50% recovery of

edible seafood from live weight.
2. Assumes an Australian population of 22.5 million consuming 17.25 kg/person/annum and 50% recovery.
3. Assumes an Australian population of 25 million consuming 23 kg/person/annum and 50% recover
4. Assumes exports are mainly whole fish, crustaceans and molluscs with 90% recovery
5. Assumes imports are mainly fish fillets and value added product averaging 50% recovery
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Population growth of these moderate dimensions provokes two dilemmas for

Australia’s wild caught and aquaculture industries. Domestic requirements could

grow to more than one million tonnes per year and require at least a threefold

increase in the current level of imports and domestic aquaculture (Table 6). In

deriving the 2000 figures for Table 6 it was noted that the most comprehensive

study of seafood consumption in Australia estimated consumption at 11.5 kg per

person per annum in 1991 (FRDC 1992). A more recent study (Ruello et al., 2000)

suggests there has been little change in seafood consumption in Perth but a 12.7%

increase in Sydney. Combinations of available capture fisheries data, aquaculture

production figures, export figures corrected to approximate live weights and import

figures also corrected to live weights (Kearney, 2001) could only accommodate

consumption in 2000 of 11.33 kg per person. Noting the imprecision in most of

these figures it was considered appropriate to begin with consumption in 2000

approximating the 1991 national estimate and assume growth to 17.25 kg by 2020

and possibly 23 kg by 2050.

The first branch of the production and consumption dilemma is that development

pressures will inevitably impact negatively on many estuarine and near coastal areas,

given the inadequacy of environmental planning and the damage already sustained

in many coastal ecosystems. Many coastal fisheries may struggle to recover under

the influences of development derived factors, increasing recreational expectations

and a residual commercial fishery.

The second branch of the dilemma is that in attempting to bridge the growing gap

between domestic demand and wild capture production, additional aquaculture may

be demonised as the cause of a problem rather than a symptomatic response to the

need for efficient industrialised food production as a higher order effect. Frequently

environmental management finds it easier to treat symptoms rather than

fundamental causes.

Solutions to the development branch of the dilemma are not yet evident in the

public or policy debate in Australia. Except in limited locations, there is little public

or private sympathy for constraints on urban development. Mandating improved

environmental performance for city function or aquaculture production inevitably

shifts development to another region or another country where financial costs or

environmental standards are lower. Doing nothing, doing too little, or deferring
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action, prolongs the inevitable decline in resource stocks, as evident in the decline of

the eastern gemfish or southern bluefin tuna over the past two human generations

(see section 5).

7 .2  L i f es t y l e  and  t rade  d i l emmas

Promoting consumption of fish as a lifestyle statement for the young and as a

health-promoting factor for mature Australians could accelerate the demise of

Australia’s capture fisheries. Since 1850, Australia’s population, energy use, land

development, water use and fisheries production have expanded almost

exponentially. This rate of expansion cannot be maintained for the next 50 years,

given resource constraints now emerging in many sectors.

Expanding per capita fish consumption to 23 kg with a human population of 25

million in 2050 will require over 1.1 million tonnes of live fish equivalent per year,

six times current Australian annual production. Imports will likely remain the main

source of this additional requirement, perhaps with aquaculture contributing  as

much as 130,000 tonnes. One critical uncertainty past 2020 is world trade in fish

product. With increasingly affluent consumers in Asia competing directly with

Australian discretionary purchasing power, we could be outspent for fish imports

from current suppliers, such as New Zealand. Sourcing production shortfall from

poorer neighbours in the region could remove protein vital for dietary health from

their limited purchasing capacity. Maximising financial returns from our high

quality exports provides a theoretical cross subsidy for lower valued imports.

However, wild caught fish once considered lower quality are now passing price

thresholds in a globalised market place with pressured fish stocks and declining

catches.

Thus we have a ‘lifestyle and trade’ dilemma. One option is to extend the status quo

in domestic production and import, by 2050, an extra five to six Australian

production equivalents as we consume 23 kg per capita and accept the balance of

trade implications of price in a fish poor world. A second would be to assume

domestic per capita consumption remains constant at a level approaching 11.5 kg

per annum to 2050; the additional 5.5 million people requiring a little more than

the possible increase in aquaculture production of 100,000 tonnes and the

maintenance of imports at around 300,000 tonnes live weight.

Another option is to constrain consumption to domestic supply and live within our

production and ecological realities. This would mean halving current consumption

to 11 kg live weight per capita today, decreasing to 8 kg per capita in 2050 if all goes
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well and the domestic production regime follows the optimistic outcomes of the

‘optimum long term management’ scenario. In general, increasing the value per

physical unit provides a better pathway to economic and ecological sustainability as

opposed to a continual search for production expansion.

The quest for Ecologically Sustainable Development (ESD) provokes many such

dilemmas for affluent consumer driven economies. Fisheries production is a

benchmark case since the resource has stabilised or in some cases is in decline.

Aquaculture may help remove some tensions but, unless there is a quantum change

in production, it is unlikely to meet the expectations of the high branch of this

dilemma.

7 .3  The  compos i te  approach

This study incorporates the simulation of 220 individual species and/or fisheries (fish

units) of which 160 are significant fisheries in their own right with catch and effort

data maintained by state and Commonwealth agencies to a standard which enables

ongoing assessments. Data on the remaining 60 are less reliable. Many of the 220

fisheries are subject to ongoing assessments using more sophisticated approaches

than the logistic principle underpinning this study (eg the Western Australian rock

lobster and the Commonwealth managed southern bluefin tuna).

It is acknowledged that individual fisheries simulations contained herein may give

rise to projections that are less accurate or precise than those designed and

maintained to meet specific management requirements. However there is no known

systematic bias in the logistic approach which would lead to consistent over or

under estimation of projected yields from these resources. Therefore deviation in this

report from more precise individual species assessments performed by appropriate

research agencies does not necessarily detract from the contribution of the current

simulations of 220 fish units to the understanding of Australia’s aggregate fisheries

resources. It should be noted however that simulated responses developed in this

study parallel closely current understanding of potential yields derived by other

more sophisticated analyses. The reality checking on the modelling approach

(Section 5) demonstrates this for western rock lobster, southern bluefin tuna and

other selected species.

Furthermore this study provides projections based on three scenarios, ‘cautious’,

‘optimum long term’ and ‘continuous fishing’. This spectrum of scenarios is

designed to acknowledge the uncertainty in the projections based on variable

confidence in the underlying data which drive the simulations. Additional variables

include natural fluctuations in resources, great uncertainties in knowledge of
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Australian aquatic ecosystems, density dependent variables and species to species

interactions, and uncertainties and inconsistencies in how different management

jurisdictions will respond to changes in indicators of resource sustainability.

7 .4  The  ro le  o f  t echno log ica l  i nnova t i on

The historical alignment of world fisheries production with the steady increase in

human population, made possible by industrialisation, is depicted in Figure 1. This

close relationship parted in the late 1980s when the myth of oceans as a resource

without limits, was exposed. The ever increasing number of fisheries worldwide that

are overfished, and especially in inhospitable locations and at great depth, provide

testimony to the ability of technology to facilitate overexploitation. It also represents

a stark reminder that there is no technological solution to overfishing. Increased fish

prices resulting from improved handling and processing technology may even

exacerbate the problem. Actively conservation-conscious decisions by governments

and individual fishers which give higher priority to long-term sustainability of

resource use are required. Technology can be expected to have a longer-term

secondary role in stabilising capture fisheries production, primarily in providing

mechanisms for habitat restoration and perhaps even resource enhancement.

Fish production from sources other than capture fisheries can be expected to be

profoundly influenced by technological development. The most immediate impact

should be in aquaculture. Ongoing achievements in the replacement of fish and

fish-meal in aquaculture diets are essential if total fisheries production is to be

increased. The current use of 11 kilograms of pilchards or sardines to produce one

kilogram of southern bluefin tuna demonstrates the scope for improvement. Because

of our ability to produce vegetable protein from agriculture relatively efficiently,

Australia is well placed to benefit from technological developments which aid the

conversion to fish protein through aquaculture (see for example Allan et al. 1999).

However the issue of where to conduct a greatly expanded aquaculture industry

must still be addressed. Current opposition to the use of the limited bays and

estuaries close to populated areas, on environmental and aesthetic grounds, may

impose another level of technological challenge. The potential use of inland saline

waters for aquaculture presents exciting possibilities, but chemical and physical

deficiencies in such water, and climate and geographical tensions associated with its

location, will need to be overcome. Much greater use of relatively sheltered areas in

the north of Australia also represent significant potential as well as considerable

challenges.
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Australia’s rather slow progress to date in developing significant aquaculture output,

particularly when the highly fish-protein consumptive sectors based on salmon and

southern bluefin tuna are excluded, suggests that a quantum change in investment

is required before aquaculture productivity represents more than token

compensation for our increased demand and declining capture fisheries production.

At the current extreme of possible technological solutions to the shortage of sea food

is tissue culture. Because many of the most expensive sea foods are relatively simple

life forms, such as molluscs and crustaceans, their tissues appear good candidates for

artificial propagation. Tissue culture may represent the most efficient mechanism for

converting the products of photosynthesis (plants and algae) into more highly

prized sea food. However, the problems with the development of technology for the

supply of such products, and possible market resistance, are unlikely to be overcome

by 2020.

7 .5  O ther  ex te rna l  i n f l uences

As discussed above, this study is based primarily on assessment of the combined

simulations of more than 220 separate fisheries or target species. These simulations

are driven by actual data on changes in catches in commercial fisheries.  The logistic

model used to simulate the fishery and generate projections assumes that the fishery

is directly responsible for the observed changes in the underlying resource base. The

model gives no deliberate acknowledgement of broader ecosystem effects, such as

species replacement or impacts on, or from, other trophic levels, other than those

reflected in the recorded responses (catch data) of the resources (as reflected in catch

and effort data) to varying levels of fishing pressure.

The primary external influence on the fisheries resources considered in this study is

the commercial fishery:  most of the data underpinning the assessments are

commercial catch and effort statistics. Recreational catch has been accounted for by

taking the point estimate of catch by species and area provided by the recent

national survey (Henry, pers. comm.) pro-rated backwards in time in accordance

with changes in the human population. Seals have also been included in some

scenarios as an external influence: even though they are historically an integral part

of the marine ecosystem they, unlike the species modelled here, are not currently

subjected to targeted harvest aimed at maximum sustainable yield. Also their

numbers are known to be increasing at a rapid rate and the increase in their

consumption will, to some degree, impact the stock dynamics of all species they

consume. Much will depend on the species mix and size of consumed individuals

and the effects of their removal on the tropho-dynamics of the broad ecosystem.
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While some of the simulations have taken account of the predicted significant

increase in seal populations on species they are known to consume, albeit extremely

simplistically, it has not been possible to model their impact on species which they

may consume in the future but which were not included in the results of the limited

dietary studies carried out to date. This is acknowledged to be a significant

limitation, particularly as the geographic distribution of seals is growing as their

populations increase. It is probable that further growth in seal numbers will not only

lead to increased impacts on current prey species over greater ranges but will also

lead to impacts on species not currently included as prey. It is therefore probable

that the direct impact of seals on commercial fisheries production in 2020 will be

different in species composition and magnitude to the 30,000 tonnes per annum

possible stock-decline effect suggested in these modelling studies. Consequently the

simulated catches of many species in southern Australia presented in some of the

simulations in this study, may well be optimistic, just as the simulations of those

species currently known to be consumed by seals are pessimistic. Even if the increase

in seal populations has no net impact on the total biomass available to commercial

fisheries, as suggested by Goldsworthy et al., the changes in fish species composition

resulting from increased seal predation can be expected to require dramatic changes

to the management strategies for numerous fisheries in southern Australia.

Other factors which could be regarded as external, to at least some degree, and

which have not been deliberately accommodated include habitat degradation,

pollution, marine mammals other than seals, and sea birds. The impact of habitat

degradation and pollution is known to be both extensive and intensive. It appears

most obviously in data on freshwater fish throughout Australia, but particularly in

the Murray-Darking Basin where all commercial fisheries for freshwater fish,

excluding introduced carp, have now been closed. It is known that the negative

impacts of environmental degradation on coastal aquatic resources is considerable,

exceeding the impacts of commercial and recreational fishing in many locations,

particularly close to concentrations of human population. Unfortunately no

quantitative data were available to enable this most important external influence to

be included in the model.
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Marine mammals other than seals are known to consume great quantities of marine

and estuarine organisms around Australia. Whales may consume millions of tonnes

of largely pelagic organisms in Australia’s total 200 mile EEZ, including Antarctica

(Kearney, 2002), the great bulk of which is species such as krill which are not

currently directly targeted by humans. Several species of dolphins and small whales,

particularly common and bottlenose dolphins, do target species such as mullet,

tailor and Australian salmon, in direct competition with commercial and

recreational fishers. There are suggestions that populations of these species may be

increasing but no account has been made for such species as the limited data

available could not be adequately quantified. It should also be noted that as whale

and seal populations continue to expand, competition between them is likely to

increase. Whether one or other of these groups will then disproportionately increase

its impact on species targeted by humans cannot be predicted.

Sea birds are known to consume very large quantities, perhaps upwards of a million

tonnes annually, of aquatic organisms from Australia’s EEZ. The relevance of this

consumption to models of commercial and recreationally important fish species will

vary enormously. Consumption of pelagic crab larvae by numerous species of

shearwaters is known to be great but its direct impact on commercially and

recreationally harvested species may be less than the much smaller harvest of

estuarine fish species by cormorants. Again data availability currently prevents

assessment.

7 .6  Fu tu re  management  and  i ns t i t u t i ona l  respons ib i l i t i e s

Results from this study confirm the decoupling of Australia’s capture fisheries

production from human population growth (Kearney, 2002). At the same time, they

project increasing demand and expectations. They also highlight the need to

develop strategies to accommodate at least the major external influences (habitat

declines, marine mammal population recoveries, etc) in ongoing assessments of the

status of resources. They suggest strongly, that we need revision of policies which

impact how resources are conserved and how they are allocated, intentionally or

otherwise.

If allowance for all appropriate external impacts is to be incorporated into Australia’s

fisheries management processes then the monitoring, research, management and

policy implications will impact a great many diverse institutions.
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The declines in commercial fisheries production, apparent over about the last

decade, coupled with predictions based on historical trends, indicate further declines

for at least another decade. During this time demand will grow at a rate even greater

than human population growth. To at least the extent that Australia’s natural

resource management goal of inter-generational equity does not equal inter-

generational equality, it will be impossible to meet the objective. 

The results of Australia’s history as a fisheries manager, as depicted by results

presented in this study, do not support maintenance of the status quo. The

suggestion from comparison with world fisheries production data, that we are

marginally better than average, does little to engender confidence.

Current distribution of responsibilities for fisheries resources within and between

states and the Commonwealth are not aligned with resource distributions or

ecosystems. The short term interests of those who impact resources or benefit from

their use, are seldom suppressed in the longer-term interest of the broader

community. Knowledge of marine ecosystems and components thereof is limited

and expensive to obtain. Uncertainty is exploited to dampen enthusiasm for active

management intervention. It is easy to find reasons why fisheries management is

difficult. It is however, surprising that Australia has not previously aligned its likely

future production with anticipated consumption requirements as a basis for a more

holistic review of fisheries policy.

Institutions and agencies which could be expected to respond to calls for better

long-term management include all state and Commonwealth research, management

and policy bodies with an involvement in fish and fisheries for commercial,

recreational and indigenous uses, aquatic habitat management and/or protection,

biodiversity conservation, marine mammal and sea bird conservation and

management, aquaculture planning, coastal development and management and sea

food distribution and marketing, including imports and exports. This study has

confirmed the commonality of the fisheries management dilemma across Australia

and identified the national implications for all Australians but particularly the 95%

who eat or catch sea food. Therefore it appears inevitable that Commonwealth

natural resource research, management and policy agencies, such as the Fisheries

Research Development Corporation (FRDC), Australian Fisheries Management

Authority (AFMA), Agriculture Forestry Fishing Australia (AFFA) and Environment

Australia (EA) will be called to account for the provision of leadership and

coordination in progressing beyond management at the margin, into innovative

and perhaps revolutionary changes in the way Australians view and manage their

fisheries resources.
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