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Abstract	  

This thesis summarises research on the use of economic approaches in management 

decision making in the Tasmanian rock lobster fishery.  Lobster fisheries globally tend to be 

well researched and data-rich yet economics is not widely integrated in the management 

process.  This is surprising given that they supply a luxury food market and the entire supply 

chain is focussed on economic benefit.  Lobster fisheries also tend be resilient to recruitment 

overfishing (Pollock, 1993), which means the basic management objective of biological 

sustainability tends to be easily met so there is scope to consider other goals of management.  

The use of economics in lobster fishery management is reviewed for fisheries globally.  

In some lobster fisheries, economic benefit is formally measured and reported as “sustainable 

economic yield”, which is the long-run, sustainable revenue from harvests minus the costs of 

harvesting.  Reporting of economic yield does not always imply the use of this data in 

management decision processes, however there are cases where maximum economic yield 

(MEY) is used as a formal target including in Australian and New Zealand fisheries for 

Panulirus cygnus, P. ornatus and Jasus edwardsii.  Bioeconomic models that combine stock, 

cost and price information are now being used in lobster fisheries including P. interruptus, P. 

argus, P. cygnus, J. edwardsii and Homarus americanus to evaluate regulations such as catch 

limits, season length, gear limits, and type.   Economic theory has also been influential in the 

evolution of management systems used to constrain catch, in particular through the increased 

use of market-based and rights-based systems. These systems aim to provide incentives and 

mechanisms for the transfer of catch to more efficient operators and reward for conservative 

stock management that protects future harvests. Economic approaches can be used to resolve 

resource sharing issues in lobster fisheries with most research dealing with recreational and 

commercial interactions. 

A bioeconomic analysis of the Tasmanian rock lobster Jasus edwardsii fishery was 

conducted using a length- and sex-based model.  The model was spatially and temporally 

structured to account for differences in costs of fishing and price.  The analysis concluded 

that the current total allowable commercial catch (TACC) was too high to maximise 

economic yield and left the industry vulnerable to temporal changes in productivity.  

Alternative pathways to lower TACCs were explored but although these affected economic 

yield, differences were minor.  Despite operating under ITQ management for over a decade, 
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the presence of tradeable catch shares was insufficient for industry to motivate changes in the 

TACC to target MEY.  Industry and government were motivated to exercise stewardship, in 

terms of acting to prevent stock collapse, but were reluctant to accept that economic yield and 

asset values could increase with lower catches.  This bioeconomic analysis of different 

harvest strategies proved valuable in this debate, demonstrating a need for formal economic 

analysis as part of the suite of information used for setting TACCs even with the incentives 

provided by ITQs.   

The bioeconomic modeling approach was also used to examine the feasibility of a 

novel approach to increase productivity in the Tasmanian rock lobster fishery, which was to 

translocate lobsters from slow growth areas to faster growth areas.  Change in stocks in 

response to translocation was assessed in comparison to the change in TACC that would be 

required to produce the same effect.  These operations appeared viable with strongly positive 

net present value.  When combined with quota management, a translocation of 100,000 

lobsters per annum improved most performance measures on a similar scale as would be 

achieved by a reduction in the total allowable catch of around 10%.  This conclusion held 

broadly across total biomass, legal sized biomass, biomass of large lobsters (>145 mm CL), 

catch rates and egg production.  Economic outcomes were summarised using the discounted 

cash flow method.  Market capitalization of quota units was currently estimated at $210 

million (10507 units @ $20,000).  Ongoing translocations would be expected to increase 

catch rates so that costs would decline for the same revenue.  The discounted cash flow effect 

of this change on market capitalisation was estimated at an increase of $47.4 million ($4515 

per unit). 

The research presented here led to management reform in the Tasmanian rock lobster 

fishery.  New performance measures and target reference points were developed and adopted 

by Government, which now target MEY.  The industry voted for lower TACCs on the basis 

of the bioeconomic model outputs presented here and by March 2012 had led to recovery in 

catch rates, increase in quota lease price, and increase in quota asset values ($84 million 

increase in market capitalisation).  Translocation has been adopted for a commercial scale 

trial (100,000 lobsters per annum) with the first release occurring in February 2012.  This was 

funded by industry through a voluntary increase in their license fee, in response to the 

research presented here.   
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1. 	  General	  Introduction	  
 

The southern rock lobster fishery is an important primary industry in the state of 

Tasmania and has been the most intensively researched fishery in the region.  The first 

research was associated with the 1882 Royal Commission on Tasmanian fisheries led by 

William Saville-Kent (later to develop the pearling industry in Western Australia and to 

conduct lobster culture and enhancement research both in Tasmania and the UK).  This 

commission led to the establishment of the size limits which have remained virtually 

unchanged and were important to the issue of translocation discussed in Chapter 3.  The 

objective of the commission led by Saville-Kent and a later one held in1915 and led by Prof. 

Theodore T. Flynn was to increase the community benefit from these fisheries and dealt 

mainly with economic rather than biological considerations (Harrison, 2010).   Flynn was a 

founding biologist at the University of Tasmania and a friend of another influential early staff 

member, the economist Morris Miller, which is known to have contributed to Flynn’s interest 

in applying economic approaches to fishery issues (Harrison, 2010).   

Only a few of Flynn’s recommendations for the lobster fishery in 1915 were adopted, 

including the establishment of a research and development fee on licenses, which continues 

to be collected and partially funded the research presented here.  His main concerns were the 

development of efficient commercial industries that would contribute to the state’s economy 

through exports to other States and also the increased supply of product to local consumers.  

He made the case for the need for greater supply with the example of the price of a small 

whole silver trumpeter (Latridopsis forsteri), which were two shillings and six pence in 1915 

(equates to around $60 in 2012; Australian CPI).  Flynn’s difficulty in getting broader reform 

of fisheries was caused by two problems that have continued to affect fisheries decision 

making.  One was the problem of competing objectives, where for example, his desire to 

create an export industry based on canning of small pelagic fish was perceived to compete 

with the separate objective of Government to increase supply of product to local consumers.  

The other issue was the difficulty in overcoming inefficient controls on catch due to 

resistance from factions of the commercial sector.   

Many changes to management were made over the next century, generally to manage the 

cost of fishing rather than deal with sustainability because egg production was so well 

protected by the size limit.  More efficient pots (traps) were legalised in 1926 and replaced 
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ring nets after 40 years of debate and several reviews.   Limited entry was introduced in 1966 

but effective effort continued to grow so that rent was dissipated to the point that the same 

yield could have been taken by half the effort (cost) (Campbell and Hall, 1988).  ITQs and a 

relaxation of gear limits from 40 to 50 pots per vessel occurred in 1998 with the intent of 

improving economic yield and were initially successful, in part due to a pulse in recruitment 

(Gardner et al., 2011).  However in 2006/07, the initial trend of stock rebuilding ceased 

because recruitment fell below average levels for several years and there was no immediate, 

associated reduction in allowable catch.  It should be noted that recruitment of this species 

shows no apparent link to levels of egg production; rather it is driven by oceanic conditions 

that affect larval survival over the 18 to 24 month planktonic larval stage (Chiswell and 

Booth, 2008).  As a result of this stock decline, both catch rates and the value of quota shares 

fell (Figure 1-1, Figure 1-2).   

 

 
Figure 1-1. Historical trends in estimated fishing effort (pot-lifts), estimated catch-rate 
(kg/pot-lift) and estimated legal-sized biomass (tonnes). Data is in quota years (March to 
February) from 1970 onwards. Dashed lines indicate the introduction of ITQ management 
and the catch rate target of current management which is 1.2 kg/pot lift (data: DPIPWE). 
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Figure 1-2. Detail of the last 40 years of commercial fishing effort (pot-lifts), catch 
(tonnes), CPUE (kg/potlift) and TACC (tonnes).  From 1998 to 2005 the amount of effort 
required to take the catch diminished.  This trend has reversed in recent years so that effort 
and catch in the most recent year approximate that in 1998 when quota was introduced (data: 
DPIPWE). 

 

In the modern commercial Tasmanian rock lobster fishery, economic benefit is well 

distributed around the State, with an estimated 1,350 jobs reliant on the fishery (EconSearch 

2003).  The economic impact of the Tasmanian rock lobster fishery is far greater than would 

appear from simple comparisons of total annual revenue (i.e. the gross value of product GVP) 

which was around $63 million in 2010/11 (Figure 1-3).   

Economic yield is the difference between total revenues and total costs (including the 

cost of labour and capital) and is zero in the case of an open access fishery. However where a 

wild fishery has constraints on harvesting, a scarcity rent can be obtained.  Economic yield in 

the lobster fishery is illustrated by the lease price of quota units, which traded in 2008/09 at 

around $14/kg and fell to around $9/kg during 2010/111.  This implied an economic yield 

from the fishery in 2011 of around $10 million dollars (1,222,000 kg * $9/kg, Figure 1-3) 

                                                

1	  Lease	  price	  rebounded	  in	  2012	  to	  $25/kg	  following	  cuts	  in	  the	  total	  allowable	  commercial	  catch	  
(TACC).	  	  This	  implies	  an	  economic	  yield	  from	  the	  fishery	  in	  2012	  of	  around	  $27.5	  million	  dollars	  (1,100,000	  kg	  
@	  $25/kg).	  
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assuming that lease price provides a proxy for economic yield (Hundloe, 2000;  Matthiasson, 

2008)2. 

Economic yield is thus an important concept to understand when examining community 

benefit from fishing because the GVP is only loosely related to economic value.  For example, 

during the period from 2008 to 2011, economic yield from the fishery fell sharply by 56% at 

the same time as beach price rose by 9% and GVP fell by 10% Figure 1-3.  The fall in 

economic yield despite rising prices has been caused by the rapid rise in effort and hence the 

cost of fishing.   

                                                

2	  Lease	  price	  can	  differ	  from	  economic	  yield	  for	  a	  range	  of	  reasons,	  including	  (i)	  cross-‐subsidy	  within	  
firms	  where	  firms	  own	  some	  units	  of	  quota	  and	  rent	  payments	  to	  these	  to	  offset	  losses	  through	  leasing;	  (ii)	  
some	  economic	  yield	  is	  captured	  through	  other	  payments	  such	  as	  royalties;	  and	  (iii)	  if	  the	  lease	  market	  is	  not	  
competitive.	  
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Figure 1-3. Economic trends in the commercial fishery since 1999.   Beach price over the last 

three years has been high resulting in a high gross value of product (GVP) of $63 million (data: 

DPIPWE processor returns).  However, economic yield (estimated by average lease price per kg x 

total allowable catch) from the fishery fell by $14 million or 56% over the last 3 years despite the 

increase in beach price.  This disconnect occurred as fishing effort increased, which implies higher 

costs of fishing. 
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These trends in the history of the stock over recent years are interesting in the context of 

ITQ management and the incentives for stewardship that are thought to result (Wilen, 2006).  

From 2006/07 onwards there was clearly a need to reduce the quota to restore catch rates, 

however, the commercial sector resisted moves to cut the quota even though catch rates and 

quota share value fell.  The fact that this pattern in decision making was not consistent with 

the stewardship predicted under ITQs is discussed in Chapter 3.  One of the contributiing 

factors appeared to be the focus of industry on revenue rather than profitability – the concept 

of ITQs as an economic instrument to manage the value of quota share assets never drove 

decision making.  Also contributing to this was the uncertainty about the extent of stock 

rebuilding that would occur under a TACC reduction.  A cut in quota results in an immediate 

and readily calculated reduction in revenue to firms while the benefit of the reduced costs that 

accompany resulting higher catch rates are uncertain and more distant.  The bioeconomic 

modelling presented in Chapter 3 was an attempt to reduce uncertainty by providing 

information on outcomes that could be expected under different TACCs.   

The longer term history of the fishery helps to explain some of the reasons why input 

controls have evolved in the way they have.  Nevertheless, there remains large scope to 

improve economic yield from this fishery through changes in fishing practice and one 

example is explored in Chapter 4.  This is the translocation of rock lobsters from slow growth 

areas to more productive reef.  This is just one example of many changes that could be made 

in this supposedly “fully exploited” fishery that by better tailoring management rules to the 

stock and to the market for product could increase sustainable economic yield.   
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2.  -  Systems to maximise economic benefits in lobster fisheries  
 (pp 16-57) – to be published as a book chapter ( in press) 
 
Abstract 
Management plans and policy for lobster fisheries usually include the general goal of 
creating economic benefit from harvests, which requires economic objectives supported by 
collection of economic data. The economic benefit from several lobster harvests worldwide 
is measured as “sustainable economic yield”, which is the long-run, sustainable revenue from 
harvests minus the costs of harvesting. Maximum economic yield (MEY) is increasingly 
being considered as a formal target for lobster fisheries including in Australian and New 
Zealand fisheries for Panulirus cygnus, P. ornatus and Jasus edwardsii. Bioeconomic 
models that combine stock, cost and price information are now being used in lobster fisheries 
including P. interruptus, P. argus, P. cygnus, J. edwardsii and Homarus americanus to 
evaluate regulations such as catch limits, season length, gear limits, and gear type. 
Economics theory has also been influential in the evolution of management systems used to 
constrain catch, in particular through the increased use of market-based and rights-based 
systems (ITE, ITQ and TURFs). These systems aim to provide incentives and mechanisms 
for transfer of catch to more efficient operators and reward for conservative stock 
management that protects future harvests. Economic methods can be used to resolve resource 
sharing issues in lobster fisheries with most research dealing with recreational and 
commercial interactions. 
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3. Estimating	  economic	  yield	  in	  an	  ITQ	  managed	  
lobster	  fishery	  

 

Abstract	  

A bioeconomic analysis of the Tasmanian rock lobster Jasus edwardsii fishery was 

conducted using a length- and sex-based model.  The model was spatially and temporally 

structured to account for differences in costs of fishing and price.  The analysis concluded 

that the current total allowable commercial catch (TACC) was higher than the level that 

would maximise economic yield and that this left the industry vulnerable to temporal changes 

in productivity.  Alternative pathways to lower TACCs were explored but although these 

affected economic yield, differences were minor.  Despite operating under ITQ management 

for over a decade, the presence of tradeable catch shares was insufficient for the TACC to 

move towards MEY through normal processes of decision-making based on biological stock 

assessments.  Industry and Government were motivated to exercise stewardship but struggled 

to accept the concept that economic yield and asset values could increase with lower catches.  

This bioeconomic analysis of different harvest strategies assisted in this debate, which 

suggests there is a need for formal economic analysis as part of the suite of information used 

for setting TACCs even with the incentives for stewardship provided by ITQs.   

 

Introduction	  

Individual transferable quota systems have become widely used in Australian coastal 

fisheries with almost all of the larger state-based fisheries managed by this system.   For 

example, 43% of national seafood production by gross value in 2007/08 was from state 

managed ITQ abalone and rock lobster fisheries alone (ABARE–BRS, 2010).  These 

Australian ITQ fisheries tend to be well enforced and involve trading and leasing within 

season. 

Although widespread, the objectives of ITQ systems are ambiguous in Australian 

coastal fishery policy with the theoretical objectives of maximising economic yield (or net 

economic benefit) or of rationalising harvesting through market based mechanisms rarely 

articulated.  Rather, management plans tend to describe the objective of ITQs in terms of 
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sustainability by maintaining the stock above those associated with historical lows in catch 

rate or thresholds of breeding stock indices.  Although ITQ systems have a history of 

effective stock management, this is a result of the constraining total allowable catch (TAC) 

rather than the allocation of individual tradeable units (Costello et al., 2008).  The focus on 

biological rather than economic outcomes in management plans is also generally reflected in 

the decision making process surrounding TACC setting.   

In the Tasmanian rock lobster fishery examined here, the quota system was introduced 

following a period of prolonged stock decline which a Legislative Select Committee 

considered “concerning but not indicative of collapse”; the need for management change was 

then described as a mechanism to “constrain the catch to a sustainable level” (Ginn et al., 

1997).  ITQs were discussed as a tool to constrain the catch, largely because rock lobster 

fisheries elsewhere had implemented ITQ management and performance of those fisheries 

appeared encouraging, at least in terms of stock rebuilding (Batstone and Sharp, 1999).   

A year after the Legislative Select Committee report was produced, ITQ management 

was introduced to the commercial Tasmanian rock lobster fishery and the objectives 

expanded to include the development of a market mechanism that promoted industry 

restructure (Ford, 2001).  While the desire to restructure the industry is consistent with the 

introduction of individual traded catch shares the only objective to guide setting of the total 

allowable commercial catch (TACC) was to create sustainable harvests.   The management 

plan for the fishery only sought to constrain catch so that biomass increased to some 

undefined level without mention of the economic objectives so pervasive in the theoretical 

discussions of ITQs (eg Hatcher et al., 2002; Wilen, 2006; Libecap, 2010).   

In the decade following the introduction of ITQ management the general objectives had 

been achieved.  Stock rebuilding had occurred as a consequence of the TACC so that by 2007 

the biomass of the legal sized stock was double that of the historical lows, while the catch 

was stable and appeared sustainable (Gardner et al., 2011).  Catch rates had increased and the 

transfer and leasing of units between operators resulted in a large contraction in the fleet, 

which was consistent with an increase in efficiency (van Putten & Gardner, 2010).  

Stakeholders in the fishery then began to question what management should be targeting in 

the future.  Many commercial fishers were calling for an increase in the TACC while a 

minority argued for ongoing constraint or even a reduction in the TACC to further increase 

catch rates and reduce costs. 
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The Government was thus faced with the difficult decision on how to set the TACC 

when the objective was no longer merely stock recovery.  The lack of formal targets for the 

TACC in the management plan was problematic but perhaps reflected an earlier expectation 

that quota owners would propose and support TACCs that maximised future earnings, given 

their large financial stake in the fishery through the ITQ system (Sanchirico & Wilen, 2007).  

However, the adversarial nature of the annual TACC quota setting process never completely 

disappeared with industry always more supportive of higher TACCs than government. This 

focus on short term catch has been observed in other ITQ fisheries and is often attributed to 

high private discount rates (Asche, 1999). In the Tasmanian case there appeared to be 

additional factors at play including weak exclusivity of the access entitlement which regularly 

arose in debates on increasing MPA coverage and recreational catch (TRLFA, 2009).  That is, 

commercial fishers were reluctant to constrain catch if benefits accrued to a different sector.   

The research and bio-economic modelling reported here was subsequently proposed to 

assist stakeholders in the process of TACC setting.  This process of formal analysis of the 

fishery aimed to allow government and industry to explore options for TACC setting within 

the ITQ system.  This analysis also helped industry to develop a consensus position on the 

process used for setting future TACCs that attempted to maximise the value of ITQ shares.   

 

Methods	  

Population	  dynamics	  model	  structure	  

The population dynamics model is described in detail in Appendix 1.  Briefly, the size-, 

length- and sex-structured model was used to define the size and structure of the stock, plus 

the between-period variation in recruitment.  Parameter estimates gained through this stock 

estimation process were then used to examine the economic and biological outcome of 

different management strategies in projections of the stock.  The model had monthly time 

steps and 5 mm size bins for lobsters, both of which were required for the use of the price 

data shown in Figure 3-2.  The history of the number of lobsters present in each area, size bin, 

sex and time step from 1970 onwards was estimated through fitting to reported effort, catch 

(by weight and number) and catch rate from the commercial fishery plus length-frequency 

data collected through an extensive research sampling program.  This population model 
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formed the basis for forward projections of alternate TACC scenarios which were evaluated 

with economic yield. 

 
Model	  projections	  

The population dynamics model on which the economic projections of alternative 

TACCs were based was identical to that on which the stock assessment was based. However, 

this projection model was extended to specify future catches as well as to calculate the output 

statistics related to costs, revenues and profits.  

The annual discounted profit from commercial fishing for year y was the difference 

between the costs and revenues for year y, discounted since the first year of the projection 

period, i.e.: 

 

where  is the (discounted) profit during year y,  

 is the discount rate (using an annual real rate of 0.07 in analyses shown here), 

 is the first year of the projection period, 

 is the revenue generated from commercial fishing in Area z during time-step i of year 

y, and 

 is the (variable) cost of commercial fishing in Area z during time-step i of year y. 

 

The revenue from commercial fishing in Area z during time-step i of year y is given by: 

 

where   is the number of animals of sex s in size-class l in Area z at the start of time-

step i of year y, 
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  is the selectivity of the gear on animals of sex s in size-class l in Area z during year y 

given the implications of the legal minimum length, 

 is the relative vulnerability of males to females during time-step i, 

M  is instantaneous rate of natural mortality (assumed to be independent of sex, size, sub-

zone, and time),  

 is the duration of time-step i, 

  is the exploitation rate on fully-selected (i.e. ) animals in Area z during time-

step i of year y, and 

 is the price of a lobster in size-class l and Area z during time-step i of year y. 

 

The costs of commercial fishing in Area z during time-step i of year y is given by: 

 

where  is the cost for a single potlift during time-step i in Area z (Table 3-1),  

𝐶!,!
!"##,! is the commercial catch in Area z during time-step i of year y (from Haddon & 

Gardner, 2009) 
 

 is the catchability coefficient for time-step i and Area z, and 

  is the exploitable biomass in Area z in time-step i of year y (the biomass available to 

the fishery less half of the catch during this time-step). 

 

Data	  collection	  

The operational model was fitted to fishery catch (by mass and number) and effort (pot 

lifts) data obtained from compulsory commercial log book data from January 1970 to 

February 2008.  Samples of catch by length and sex were from observer and research 

sampling conducted at sea throughout this period (Gardner et al., 2011).  Biological 
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parameter estimates with the exception of growth were from previously published research as 

noted in the model description (Appendix 1).  Data were separated spatially into 11 sub-zones 

to account for regional differences including costs of fishing and stock productivity (Figure 

3-1). 

 

 

 

 

 
Figure 3-1. Schematic of the sub-zones of the fishery used for bioeconomic modelling.  
There is no regional management within the fishery but these divisions were applied here to 
account for variation in biological and economic traits.  Deep water sub-zones 9-11 off the 
west coast were separated from shallow water sub-zones by the 35 fathom contour.   

 

The variable and fixed costs associated with commercial fishing were collected through 

interviews of 22 active fishers operating across all sub-zones.  This sample represented 

around 10% of the fleet and was obtained by asking for participants at each of eight port 

meetings held by the industry council around the state.  Interviews were conducted during 
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2007 and fishers provided cost details as they applied to their fishing operations for the 

2006/07 financial year.  Business data were checked and validated against records of catch 

and effort from compulsory catch logbooks where possible, for example on levels of crewing 

and effort (potlifts).  Fleet data were obtained from the Tasmanian Government catch and 

effort database and included pot allocations per vessel, potlifts per vessel, shots (deployments 

of the full set of pots) per day, and number of crew (Table 3-1).  In analyses of alternate 

TACC it was assumed that cost per potlift in the fishery does not change as total effort for the 

fleet increases or decreases, which is to say that average cost (AC) per potlift equalled 

marginal cost (MC).  Effort in this fishery is adjusted through the entry and exit of vessels 

from the fleet.  Thus to quantify change in marginal cost the effect of change in fleet size on 

overall efficiency would need to be measured, which was beyond the capacity of the project.  

Put simply, it was unclear whether a vessel that exited under lower TACCs would be an 

inefficient vessel with higher AC or perhaps a highly efficient vessel with an experienced 

skipper who would choose to retire. 

Costs were estimated separately for each Area based on traits of vessels fishing these 

locations.  Vessels were allocated to an Area based on where most of their fishing occurred 

(as they often fished across more than one sub-zone).  Average fixed costs (AFC) were 

calculated from both fixed business costs (mooring, insurance, license, seaworthy survey, 

business administration, vessel and equipment maintenance) and the depreciation on capital  

(pots @ 3y; vessel @ 50 y; dingy @ 10 y; engine @ 25 y; gearbox @ 20 y;  depth sounder, 

GPS, radar, computer, autopilot, radar and other electronics @ 12 y).  Average variable costs 

(AVC) were estimated from costs dependent on the duration of the trip (labour, fuel and 

supplies) and the number of potlifts (bait).  The opportunity cost of labour was estimated by 

asking fishers and crew their expected annual income for their next best occupation.  This 

was necessary because crew were often paid under a catch share arrangement that varied 

between years depending on catch rate and price.  Number of crew per vessel was obtained 

from fishers monthly logbook returns.  Average total costs (ATC) were then apportioned on a 

per-potlift basis based on the reported number of potlifts in catch and effort logbooks.   

The weighted average (based on vessel number) of ATC per potlift was calculated for 

four sub-zones with similar fishing traits to increase the sample size and smooth any 

sampling bias.  This involved the grouping of sheltered east coast sub-zones 1-3; Bass Strait 

Island sub-zones (4-5), exposed west coast sub-zones (6-8), and deep water sub-zones (9-11). 
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The use of ATC per potlift enabled the cost of fishing to be readily linked to the fishery 

model but involved an important assumption.  This assumption was that the total cost for the 

fleet and thus cost components classified as fixed will respond to changes in catch rate 

between years . This implies that capital can restructure readily and that TFC will decrease as 

catch rates rise  (that is, fleet size and effort are assumed to be completely adjustable).   Any 

adjustment of effort would be by entry or exit of vessels with similar cost structure to 

remaining vessels.  This approach was justified on the basis that the fleet size has been 

volatile over the last decade dropping from 325 vessels at the start of ITQ management in 

1998 to 210 in 2007 (Gardner et al, 2011).  Linking this change to catch rate is justified as the 

trend reversed in 2009/10 with 20 extra vessels (9.5%) entering the fishery in response to a 

fall in catch rate and thus lease price (Gardner et al, 2011).   The model also assumed that the 

TACC will always be caught, thus the amount of effort is directly controlled by the TACC 

selected rather than the economic behaviour of the operators.  

Price data was retrieved from invoice books supplied by a rock lobster processor for the 

period December 2007 to November 2008.  The processor was one of the larger processors in 

the state and received product landed at all Tasmanian ports.  Their prices were considered 

representative because of the scale of their operation and because prices tend to be consistent 

between processors due to competition for supply from fishers.  Price data and subsequent 

modelling included price differences for size, time-step (usually month), and Area (Figure 

3-2).  Prices within each period were determined by weighted average based on weight of 

product involved in each transaction.   

Several assumptions were made with price data to facilitate modelling.  First, 

processors are exposed to eight price categories for lobster size (weight, converted to length 

here) in their main Chinese market, yet these categories are collapsed into a smaller number 

of categories for payments to fishers (typically three categories).  In this analysis, price at size 

was the price paid to fishers but in reality this masks some of the effects of change in size of 

product on price4. Second, lobsters from deep water with paler shells termed “whites” or 

“brindled” were discounted except during periods of high demand (Chandrapavan et al., 

2009).  In this analysis the price for pale lobsters was applied for all catch from deep water 

sub-zones (9-11) while all catch from shallow water sub-zones (1-8) was assumed be red and 

                                                

4	  It	  was	  not	  possible	  to	  locate	  this	  finer-‐scale	  price	  data	  in	  this	  study	  and	  it	  is	  an	  aspect	  that	  could	  be	  
improved	  in	  future	  research	  
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thus receiving the higher price.  Deep and shallow water sub-zones were separated at 35 

fathoms as this approximates the boundary defined by Chandrapavan et al. (2009) for these 

colour grades.  Third, lobsters were categorised into price classes based on weight, which was 

converted to length for modelling purposes assuming no change in the length-weight 

relationship between periods.  This conversion resulted in slightly different price at length 

between males and females in some instances due to the different weight at length 

conversions applied: 

                                    (1) 

(Punt & Kennedy, 1997). 

  

Lastly, it should be noted that the price received by fishers can be affected by factors 

that could not be included in this analysis such as the vitality of the load (and thus ability to 

survive live transport), loss of limbs or other damage, and presence of an undesirable 

morphotype from slow growth sub-zones termed “wedgetails”.   
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Table 3-1. Average costs of fishing for the 2007/08 fishing season split by sub-zone . 
Regional traits in fishing businesses were recorded through compulsory daily catch and effort 
logbooks.  Vessels often fish in more than one Area and were allocated here on the basis of 
their most active Area by vessel days.  Estimated costs per potlift used in modelling (bottom 
row) were pooled across sub-zones with similar traits using averages of the individual areas, 
weighted by vessel number. 
Sub-zone 1 2 3 4 5 6 7 8 9 10 11 
N vessels 32 20 12 20 37 14 12 48 4 1 4 
potlifts 
(1000s) 

204.8 108.0 101.0 159.5 237.0 99.0 121.0 340.2 27.3 9.5 28.9 

active days 
per vessel 

106 115 158 124 126 121 113 127 96 96 106 

pot/vessel 40.8 38.5 38.9 44.7 46.4 47 47.1 44.7 49.9 49.9 49.1 
potlifts per 
vessel 
(1000s) 

6.40 5.40 8.42 7.98 6.41 7.07 10.08 7.09 6.83 9.50 7.23 

shots per 
day 

1.48 1.22 1.37 1.44 1.1 1.24 1.9 1.25 1.43 1.99 1.38 

vessel 
length 

13.3 12.9 13.2 14.7 14.9 15.1 15.9 13.8 16.1 16.9 14.6 

crew 0.7 0.55 0.59 0.73 0.75 1.02 1.23 0.93 1.02 1.23 0.93 
annual 
business 
costs 
($1000s)1 

25.51 25.42 25.44 25.66 25.73 25.76 25.76 25.67 25.87 25.87 25.84 

depreciation 
($1000s)2 

12.57 10.05 10.14 14.24 14.39 11.24 11.25 11.04 11.49 11.49 11.42 

AFC / 
potlift 

5.95 6.57 4.23 5.00 6.26 5.23 3.67 5.18 5.47 3.93 5.16 

bait, fuel 
and 
supplies 
/potlift 

8.03 10 8.94 7.86 9.26 8.89 6.53 9.24 7.49 5.68 7.8 

labour / 
potlift 

20.08 21.84 14.34 16.38 20.61 21.35 16.44 20.41 22.13 17.45 20.02 

AVC / 
potlift  

28.1 31.84 23.29 24.24 29.86 30.25 22.97 29.65 29.62 23.13 27.83 

ATC/potlift 34.05 38.41 27.51 29.24 36.13 35.48 26.64 34.83 35.1 27.06 32.98 
Model input 
ATC/potlift 

34.19 34.19 34.19 33.7 33.7 33.63 33.63 33.63 33.26 33.26 33.26 

1Annual business costs were: mooring, insurance, license, seaworthy survey, business admin., 
vessel and equipment maintenance. 

2Depreciation costs were: pots @ 3y; vessel @ 50 y; dingy @ 10 y; engine @ 25 y; gearbox @ 
20 y;  depth sounder, GPS, radar, computer, autopilot, radar and other electronics @ 12 y. 
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Figure 3-2. Price received by fishers for sale of male lobsters in relation to size, expressed 
here as carapace length (x-axis, mm) for the period November 2007 to November 2008.  
Price was averaged across sales data for each period, with the first chronologically in each 
plot shown by heavier lines. Paler coloured lobsters from deep water were discounted in all 
periods except Aug-Oct and illustrated by dashed lines.  These patterns differed slightly for 
females (not shown) due to their different length-weight relationship. 

 

 

Results	  

Model projections of alternate TACCs indicated a strong stock effect with discounted 

economic yield highly responsive to the TACC (Figure 3-3).  This analysis also indicated that 

TACCs lower than that currently implemented would be expected to increase the NPV of the 

fishery, which should in turn increase quota unit values.  These simulations were not intended 

to provide prescriptive information on the optimal TACC for the fishery because future 

outcomes would be influenced by unknown changes in recruitment, prices, costs and more.  

The presence of multiple management objectives in the fishery also means that these outputs 

cannot necessarily be used prescriptively for TACC setting.  Rather, these results were 
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intended to provide general insight to government and industry on the implications of TACC 

decisions. 

The form of the NPV in response to TACC curve (Figure 3-3) was of interest because 

the slope becomes increasingly steep at higher TACCs (or exploitation rates), such as those 

implemented at the time of this analysis. This appeared to be caused by higher exploitation 

rates reducing the abundance of legal-sized animals, which in turn reduced productivity 

through growth of this stock.   This presented a view of the current TACC consistent with 

opinions expressed by many fishers during the cost-data collection interviews.  They believed 

that economic yield under the current management arrangement was volatile and sensitive to 

interannual change in the stock, such as natural variation in recruitment or catchability.   

Results shown here are from simulations using a real discount rate of 7%, which was a 

similar rate to those used by Holland et al. (2005; 8%) for a J. edwardsii fishery in New 

Zealand and Kompas et al., (2010; 5%) for a prawn fishery in Australia.  Asset prices reflect 

the discount rate (Asche,1999) and in this case the implied quota unit values in the fishery 

from the bioeconomic model with a 7% discount rate (at around $11,000/unit, based on NPV 

divided by the number of units) were lower than the current market value (around 

$15,000/unit).  Our conclusion from this was that the applied real discount rate of 7% is 

towards the upper end of discount rates applicable for commercial fishers in this market. This 

value of 7% was selected nonetheless following discussion with government and the 

commercial industry because sensitivity testing of the discount rate showed that lower rates 

resulted in a stronger case for lower TACCs.  Thus using the high rate of 7% meant that the 

broad conclusion that a higher NPV would be expected from lower TACCs was relevant 

across the range of stakeholders from government to fishing businesses, even those more 

focussed on short term cash flow who have higher discount rates.   

These analyses were prepared for the fishing industry who were especially concerned 

with the effect of price volatility and requested information on ranges in price of 20% relative 

to the base case.  This range was considered extreme given that average real price had been 

flat in the decade prior changing over this period from $32.73 to $35.63 between 1999 and 

2008 (indexed by national CPI, 2000).  The general conclusion held that NPV would be 

increased by lowering the TACC from the current level, although the optimal TACC in terms 

of NPV varied with price.  Broadly, lower price indicated the need for a lower TACC than 

would be required if the price increased.  Industry was less concerned with change in costs as 
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these were dominated by stable labour costs rather than more variable fuel inputs (Table 3-1).  

Nonetheless, change in cost per potlift by 20% produced almost identical results but with 

lower TACCs favoured by higher cost scenarios.   

Although the observation that the TACC that optimises NPV varies with price and cost 

estimates was not surprising, there were two important implications for management decision 

making.  The first was that the optimal TACC for individual firms differed because of 

variation in their costs and business structures (higher cost, higher volume operations were 

better suited by larger TACCs).  The second was that future change in price and costs would 

affect the application of this bioeconomic model for management decision making.  

Consequently, this process of comparing the current status of the fishery relative to the 

TACC that optimises NPV would need to be repeated in future years as per the standard 

process of assessing the biological status of the fishery.   

The observation that lower TACCs would be expected to increase NPV raised the 

management problem of how to best move towards lower TACCs - should this be a single 

immediate change or through gradual adjustment each year?  Alternate possible scenarios 

were examined with immediate larger reductions tending to produce better outcomes in terms 

of NPV than smaller gradual reductions, even over the short term of the first 5 years (Figure 

3-4).  Difference between alternate approaches were small however, with large gains in NPV 

relative to status quo for all options – in effect moving towards TACC reduction is the critical 

decision rather than the specific path taken.   

Industry views on single rapid change in TACC vs gradual small changes were mixed 

with some preferring a single large change because they viewed it as being more responsive, 

while others expressed a preference for gradual change to allow more orderly restructuring of 

the fleet.  Different rates of TACC reduction were explored and this indicated that median 

NPV was maximized with a system of reducing the TACC by 4% each year (compounding 

each year).  However, a pathway of even 1% reduction in the TACC per year appeared to 

provide a large improvement from the status quo (Figure 3-5).  Proportionally greater gains in 

NPV were made in moving from status quo to 1% reduction per annum than from 1% to 4% 

reduction per annum.   A gradual change in TACC of even 1% per annum also improved 

biological performance measures of the stock (Figure 3-6).  Catch rate (and thus revenue per 

potlift) improved as stock rebuilding occurred through greater constraint on the TACC.  Egg 

production is used as a measure of biological sustainability in this fishery and the projected 
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median trend was downward under the status quo TACC but this trend was reversed by 

annual 1% TACC reductions.  Likewise, the downward trend of biomass of large lobster was 

addressed by this TACC pathway, which is a management objective because of the role of 

large lobsters in urchin predation and thus ecosystem function (Ling et al., 2009). 

 

 

Figure 3-3.  Median NPV of the fishery under different TACCs (discount rate 7%, 20 y).  
The TACC at the time of the analysis (1470 tonnes) is shown by the dot.  The middle line 
shows the outcome with observed costs and prices, while the lines either side indicate the 
effect of a 20% increase or reduction in prices.   
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Figure 3-4.  The effect of different TACC reduction strategies on median NPV of the fishery 
over the short (0-5 y), medium (0-10 y) and long (0-15 y) term.  Options shown are leaving 
the TACC at 1470 t (status quo), 1% or 2% reductions each year, a 10% reduction in year 1 
with either constant catch thereafter (1-off) or 1% reductions thereafter, or a 5% cut for two 
years in succession.   

 

 

Figure 3-5.  The effect of varying level of quota reductions implemented each year on 
median NPV.  Maintaining the TACC at the current level of 1470 t is shown at the 0% level.   
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Figure 3-6.  Projected trends in catch rate, revenue, egg production and large lobsters capable 
of eating long-spined urchins under 2 scenarios: the status quo TACC of 1470 tonnes; and a 
strategy of 1% reductions in the TACC each year. 

 

Discussion	  

The analyses presented here provided the first bioeconomic analysis of the Tasmanian 

rock lobster fishery since the introduction of ITQ management over a decade earlier in 1998.  

The main conclusion was that economic yield would be increased with lower levels of catch 

and this appeared robust to variation in price and costs.  The analysis was not intended to be 

prescriptive on TACC setting because of the uncertainty in projections of future performance 

of the fishery.  Rather, it provides important information on economic dimensions of the 

fishery which in conjunction with the biological performance measures used in the fishery 

(Gardner et al., 2011) can contribute to management decision making.   

Options for changing the TACC of the fishery to increase economic yield were 

explored with greatest improvement from immediate large changes rather than slow gradual 

changes.   The magnitude of these differences were not large however, which emphasised that 

the most critical decision for increasing NPV was to move towards a lower TACC rather than 
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which also implied that similar outcomes for economic yield could be achieved over a wide 

range of lower TACCs.   Reid (2009) observed similar in the western rock lobster (Panulirus 

cygnus) with the trade-off between revenue and costs producing similar economic yield 

across a wide ranges of catches below the current catch. 

Considerations in choosing between rapid large changes in the TACC versus slow 

incremental changes include the ability of the fleet to restructure efficiently, the effect of 

these changes on business function and the effect on allied industries such as processors – 

these were beyond the scope of the research described here but should be considered by 

industry and managers in extension of these results or through further research.  One issue 

that may be important here is the effect of vessels leaving the fishery on the fleet-wide cost of 

fishing.  This analysis assumed that vessels entering or exiting the fishery would have costs 

equal to the average of the fleet whereas it would be expected that less efficient vessels would 

be more likely to exit. 

The conclusion of this research that the current TACC was well above that which 

would produce maximum economic yield is interesting given the history of the TACC setting 

process and the theory behind ITQ management systems.  Campbell & Hall (1988) conducted 

a bioeconomic analysis of this fishery ten years before ITQs were introduced and they 

concluded that levels of effort were well above that which could produce MEY.  The analysis 

shown here for the same fishery some 20 years later demonstrates that harvesting above the 

levels that provide MEY seems to be a persistent state in this fishery. This analysis was for 

data up to 2008 following a period of above average recruitment when the stock had rebuilt 

from lows of the early 1990’s, yet even at this time the TACC appeared too high in terms of 

economic yield.   

Linnane et al. (2010a) reviewed the status of Australian J. edwardsii fisheries in five 

ITQ management zones and found that the stock rebuilding observed in Tasmania was 

widespread up to around 2006.  However, stocks in all jurisdictions had declined in the 

following years up to 2010.  This was not due to a widespread decline in larval settlement 

combined with high exploitation rates that created vulnerability to natural variation in 

productivity.   Industry advocated for higher TACCs in many of these zones even in cases 

where the actual catch fell below the TACC (Linnane et al, 2010a & b). 

These observations of Australian J. edwardsii fisheries are contradictory to the theory 

of ITQs where industry are predicted to champion TACCs that increase the value of ITQ 
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assets, which reflect the state of the stock (eg. Wilen, 2006; Sanchirico & Wilen, 2007; 

Libecap, 2010).  These observations of the history of the Tasmanian rock lobster fishery are 

not intended to suggest that there is no stewardship of the resource, indeed industry strongly 

support research on stock status and this analysis of economic yield.  However it does appear 

that simple allocation of catch shares in a tradeable, permanent, well enforced ITQ system is 

inadequate to ensure conservative TACC setting on a pathway to MEY.    

It’s beyond the scope of this paper to explore in detail the conditions additional to ITQ 

management that would be required for TACCs to move on a pathway to MEY, however 

brief comparison can be made with the J. edwardsii fisheries in New Zealand and the abalone 

fishery in SE Australia.   ITQ markets and fisheries in many of the New Zealand fisheries are 

functioning well (Newell et al., 2002), with some standout cases such as CRA8 that have had 

large increases in quota asset values through targeting economic yield (Holland, 2010).  

Likewise, abalone fisheries in the region have ITQ management and are generally stable.  

Indicators of stewardship in these abalone fisheries are high yet harvesting decisions have 

nonetheless produced poor outcomes on occasion, which Gilmour et al. (2011) linked to 

perceptions of resource condition.  That is, stewardship from private property rights is 

ineffectual if decisions are made based on perceptions that are inaccurate.  This emphasises 

the need for objective information in decision making, such as through bioeconomic 

modelling.  The modelling conducted here and also by Holland et al. (2005) for CRA8 is 

uncommon but seems to be required in stimulating debate and overcoming resistance to the 

concept that lower catch can increase value of quota assets.   

Another issue that prevents fishers promoting lower TACCs is the weak exclusivity of 

their catch shares.  Commercial fishers in Tasmania who opposed a lower TACC and further 

stock rebuilding specifically cited concerns that attempting to increase catch rates from lower 

TACCs would be negated by the poorly constrained and increasing recreational catch in 

addition to potential stock problems from MPAs that were proposed by the State Government.  

Sanchirico (2000) has noted that rights values interact with the MPA debate.  In the case of 

the lobster fishery, fishers were aware of declining lobster stocks in an adjacent fishery 

attributable in part to displaced catch from MPAs (Hobday et al., 2005).   

The discussion above deals with shifting a commercial ITQ fishery towards higher 

economic yield but it’s important to note that there is debate around the merit of this target 

from a societal perspective.  One argument is that the costs that are reduced in targeting MEY 
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can also be viewed as inputs to links through the fish value chain, such as processors and 

suppliers (Bromley, 2009).  Béné et al. (2010) argued that this issue was of greatest concern 

where other employment opportunities are limited, specifically for the poor of developing 

countries.  A related issue is the flow of rents if MEY is targeted.  It has been argued that 

society as a whole should benefit from these rents because the resource is owned by the State 

(Macinko & Bromley, 2002; Macinko & Schumann, 2008).  Hatcher et al. (2002) explored 

this issue in UK ITQ fisheries and noted that societal benefits can be obtained through a 

resource levy plus recovery of costs such as those for quota monitoring and enforcement.   

Results of this bioeconomic analysis have subsequently been discussed and adopted in 

management decisions for the fishery with lower TACCs implemented.  The commercial 

industry reached this position through a vote, with their position supported by Government.  

Over 220 vessels operate in this industry so the process of communicating bioeconomic 

model outcomes to such a large group was a significant challenge for the extension of this 

research. A sub-committee of the main industry organisation (TRLFA) served as the main 

point of contact and this group acted as champions for communicating to the wider group.  

This process highlighted some aspects of the bioeconomic model which were critical for 

industry acceptance.  One was the explicit acknowledgement that increase in overall 

economic yield does not imply better incomes for the large portion of fishers who rely on 

leasing of quota units from quota owners (van Putten & Gardner, 2010).  As is the case in 

New Zealand, it is clear that costs and harvesting capacity of individual businesses varies so 

it was important to acknowledge that a common approach to TACC setting across the fishery 

will create both winners and losers (Holland et al., 2005).   
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4. Bioeconomic	  model	  based	  evaluation	  of	  
translocation	  

 

Abstract	  

A length- and sex- based spatial bioeconomic model of the Tasmanian rock lobster 

fishery was used to examine the effects of translocation.  Changes in stocks in response to 

translocation were compared to the change in TACC that would be required to produce the 

same effect.  The scenario examined was based on the scale of the translocation operation 

proposed by industry, which involved 100,000 lobsters moved per year with movements 

either directly inshore or with a slight northward component. When combined with TACC 

management, this scale of operation appeared to increase most performance measures on a 

similar scale as would be achieved by a reduction in TACC of 10 kg per quota unit.  This 

conclusion held broadly across total biomass, legal sized biomass, biomass of large lobsters 

(>145 mm CL), catch rates and egg production.   

Gains occurred in regions on the east coast although translocation operations were 

restricted to the west coast.  This was through the effect of the limiting TACC forcing effort 

to the west if the fleet was to respond to the higher stock abundance in that area.  This process 

was helpful from a management perspective with egg production expected to increase in the 

depleted northern areas, and biomass of large, urchin-predating lobsters increasing along the 

east coast.  This is of benefit in dealing with Centrostephanus urchin barrens with gains 

equivalent to a TACC reduction of 15 kg per unit.  

Economic outcomes were summarised by the discounted cash flow method, which is 

widely used in valuing share or business value.  Market capitalization of quota units was 

currently estimated at $210 million (10507 units @ $20,000 per quota unit).  Ongoing 

translocations would be expected to increase catch rates so that costs would decline for the 

same revenue.  The discounted cash flow effect of this change was estimated at $47.4 million 

($4515 per unit). 
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Introduction	  

Fisheries management involves numerous rules and decisions beyond the setting of 

catch limits and these usually have economic consequences.  Examples from lobster fisheries 

include size limits, seasonal limits, gear restrictions, gear limits, and prohibition of harvest of 

ovigerous females.  The objectives of many of these rules can also be met with catch limits so 

the rules interact with the quota setting process.   For example, size limits are used to manage 

egg production in the South African west coast fishery for Jasus lalandii yet the same 

biological outcome could be achieved with far higher economic yield by relaxing size limits 

and constraining the total allowable catch (Barkai & Bergh 1992).  This chapter extends the 

research presented in Chapter 3 with an example of a novel management process that also 

interacts with the quota setting process:  translocation of lobsters between regions.    

Translocation is a form of spatial management that involves shifting lobsters between 

regions. Slow-growing lobsters that are below legal size are moved to regions where they 

grow faster and develop better market traits (Chadrapavan et al., 2010; 2011).  It is a 

management approach that can utilise regional differences in growth within the Tasmanian 

fishing jurisdiction and is feasible only if it delivers a net economic benefit to the commercial 

fishers as they will be required to fund the translocations.   

The economic feasibility of translocation can be explored within a cost-benefit 

framework where the benefits such as increased catch, higher price or lower cost (through 

higher catch rate) need to exceed costs of translocation, plus opportunity costs including 

foregone yield at the removal site.  Lorenzen (2005) examined the economic feasibility of 

flatfish as a generalised case of the feasibility and pitfalls of enhancement. He emphasised 

that the cost of released animals strongly influence optimal policy, so that high levels of 

stocking and fishing effort are only feasible where the cost of release is low, relative to gains 

in yield.  Amongst fisheries for southern rock lobster in Australia, the best opportunity is in 

Tasmania where the cost of obtaining animals is low due to exceptionally high catch rates at 

the removal site and also where there is large opportunity for gain in production due to high 

variation in growth rate over short distances (Figure 4-1).     
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Figure 4-1. Regional comparison in the opportunity of translocation.  Tasmania 

appears to have greater opportunity than other jurisdictions because of the combination of 

large regional differences in growth (as indicated by size at onset of maturity; SOM) and also 

populations of undersize lobsters with high catch rates.  This implies greater capacity to catch 

large numbers of undersize lobsters at lower marginal cost  (data from Hobday and Ryan 

1997;  Linnane et al., 2008, 2009, 2010a, 2010b; Gardner et al. 2006; Gardner and van 

Putten, 2008a). 

 

A preliminary analysis of the economic feasibility of translocations of Jasus edwardsii 

was undertaken by Gardner and van Putten (2008a, b; Appendices 2 and 3) utilising a simple 

length-based bioeconomic model.  Translocation was examined with scenarios involving 

movements from different slow growth areas to a number of example areas around the state 

of Tasmania in Australia. That research indicated that translocation of lobsters was feasible 

and a range of field trials were subsequently conducted that led to improved estimates of 

some of the input data, such as change in growth rates and survival.   

The earlier work provided in Appendices 2 and 3 was also extended here with a more 

extensive population model (Appendix 1 and Chapter 3).  This extension enabled 

translocation to be modelled for a real population with a defined, finite stock and harvest.   

Impacts were assessed in terms of regional changes in biomass and the interactions between 

translocation and broader management objectives such as rebuilding of lobster stocks off 

eastern Tasmania.  
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	  	  Methods	  

As with the analysis of alternate total allowable catches described in Chapter 3, 

translocation operations were assessed with a length- and sex-structured bioeconomic model 

of the Tasmanian lobster fishery.  The population model was fitted to research and 

commercial sampling data including length-frequency measurements and compulsory catch 

and effort data of the commercial sector (full details provided in Appendix 1).  This process 

of describing the current stock dynamics provided estimates of the population sizes of 

undersize lobsters which was required for understanding the opportunity from translocation.   

Projections of translocation as an alternate harvest strategy were run with the model 

using eight time steps and eleven spatial areas.  The spatial areas of most interest for 

translocation were those off western Tasmania (Area 5-11; Figure 4-2), which is where 

translocation operations are planned.  Two options for translocations were considered: (i) 

shifting lobsters from slow growth, deep water areas (>35 fathoms) directly inshore; and (ii) 

moving lobsters inshore but also one block further to the north so as to gain benefit from 

latitudinal trend in growth which increases towards the north (Gardner et al., 2006).  Neither 

of these maximised the opportunity for increase in production as indentified in preliminary 

research (Appendices 2 and 3) which would have involved movements from Area 11 (SW) to 

Area 5 (NW).  These larger movements were not considered here due to the reluctance of 

industry to support translocations that could be perceived to benefit some fishers at the 

expense of others.   

Industry consultation resulted in the target number of animals to be translocated being 

set at 100,000 lobsters per annum, to be sourced from areas 9, 10 and 11 as shown in Figure 

4-2.   These were at a ratio of 4:1:8 respectively, which implied 30,770 lobsters from Area 9; 

7,690 lobsters from Area 10; and 61,540 lobsters from Area 11 (Figure 4-2). Although 

translocation operations were only modelled for the west coast, changes on the east coast 

were expected and of interest because both the fleet and quota can shift between areas.  

Movement of the fleet was modelled using an effort dynamics model that allowed the 

allocation of catch among areas to respond to the biomass in each area as well as the 

allocation of the catch among area in the previous time-step and in the current time-step in 

the previous year (Appendix 1). This implied that the fleet movement responded to the catch 

rate but with inertia based on where effort was expended in the previous period and year.   



83 
 

 

 

 

 

Figure 4-2. The two alternate options for translocation that involve either movement 

inshore (blue arrows) or movement one area to the north (red arrows).  Numbers in boxes 

denote the number of lobsters to be moved from each of the source areas, and reflect a ratio 

of 4:1:8 from Areas 9, 10 and 11.   

 

Specification	  of	  translocation	  population	  dynamics	  

The population dynamics of translocated animals generally follow those of non-

translocated animals as described in Chapter 3 and Appendix 1 (for example translocated 

animals contribute to spawning and can be caught during fishing). Translocated animals were 

selected at random (from undersize lobsters) from the Area in which they were sourced and 

became indistinguishable from the animals in the Area to which they are translocated after a 
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pre-specified time.  In the period between translocation and being indistinguishable from 

other lobsters, the following differences were applied: 

• An increase in natural mortality for a translocated animal with 5% discard mortality, 

following which the rate became indistinguishable from local lobsters.  This exceeded 

the observed release mortality and was thus conservative (Green and Gardner, 2009).  

 
• Thirty percent of the females did not produce eggs (even if they were mature) for the 

first year after being translocated (Green et al., 2010). 

• The transition of egg production as a function of length between that for the Area 

from which the animal was taken and that to which it was  relocated occurred over a 

one year period following translocation: 

    

where  is egg production for animals in size-class l in the area from which 

the animal is taken (From) and to which it has been relocated (To), 

t is the time since the relocation occurred, and 

 is a parameter which determines the length of the transition period. 

• Growth as a function of length changed smoothly over a period of one year between 

that for the area from which the animal was taken and that to which it was  relocated: 

    

where  is the size-transition matrix for animals of sex s during time-step t in 

the Area from which the animal is taken (From) and to which it has 

been relocated (To), and 

 is a parameter which determines the length of the transition period. 
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Economic	  feasibility	  of	  translocation	  

The assumed model for translocation was for the industry to fund the movement of 

lobsters by means of an annual levy applied to all owners of catch shares.   This system was 

agreed by industry by vote in November 2011 and a levy of AUD$10 was applied to each of 

the 10,507 catch shares, thus generating an annual fund of AUD$105,070 to be used for 

chartering commercial vessels.  Given the objective of moving 100,000 lobsters below the 

minimum legal size per annum, this implies a cost for translocation of each undersize lobster 

of AUD$1.05 each.   

Note that the preliminary analysis of translocation described in Appendix 3 included two 

different methods of translocation.  The lower cost system involved the capture of undersize 

lobsters by commercial fishers from slow growth areas during normal fishing operations; 

undersize lobsters that would normally be released immediately were to be retained for later 

release when the fishing vessel was inshore.  This approach involved near zero marginal cost 

because fuel, labour and other costs were sunk in harvesting operations.  In the second 

approach, vessels could be chartered to fish exclusively for the purpose of collecting animals 

for translocation.  Although the second approach of chartering had a higher cost, it was 

favoured by Government and by the commercial industry because of the greater control over 

the scale and location of operations it permitted, hence only the chartering option was 

modelled here.  An appeal of the chartering option to industry was that TACC decisions in 

the upcoming year could be made with full account of planned translocations.  They viewed 

this as a method of preventing cuts in TACC during periods of low recruitment. 

Projection scenarios with and without translocation were compared on the basis of net 

present value (NPV) which was the sum of annual discounted profits for a period of 15 years 

and with a real discount rate of 7% as discussed in Chapter 3.   

The annual discounted profit from commercial fishing for year y was the difference 

between the costs and revenues for year y, discounted to the first year of the projection period.   

Costs here are economic cost and include items such as capital and unpaid labour, hence 

profit as measured here is effectively economic rent: 

𝑃! =
1

(1+ 𝛽)!!!! (𝑅!,!! − C!,!! )
!

− 𝑇!  
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where  is the (discounted) profit or rent during year y,  

 is the discount rate (using an annual rate of 0.07 in analyses shown here), 

 is the first year of the projection period, 

 is the revenue generated from commercial fishing in Area z during time-step i of year 

y,  

 is the (variable) cost of commercial fishing in Area z during time-step i of year y, and  

𝑇!  is the cost of translocation or vessel charter for the whole state (zero in non-

translocation scenarios) during year y. 

 

The revenue from commercial fishing in Area z during time-step i of year y is given by: 

 

where   is the number of animals of sex s in size-class l in Area z at the start of time-

step i of year y, 

  is the selectivity of the gear on animals of sex s in size-class l in Area z during year y 

given the implications of the legal minimum length, 

 is the relative vulnerability of males to females during time-step i, 

M  is instantaneous rate of natural mortality (assumed to be independent of sex, size, sub-

zone, and time),  

 is the duration of time-step i, 

  is the exploitation rate on fully-selected (i.e. ) animals in Area z during time-

step i of year y, and 

 is the price of a lobster in size-class l and Area z during time-step i of year y (Figure 

3-2). 
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The costs of commercial fishing in Area z during time-step i of year y is given by: 

 

where  is the cost for a single potlift during time-step i in Area z (Table 3-1),  

 is the catchability coefficient for time-step i and Area z, 

𝐶!,!
!"##,! is the commercial catch in Area z during time-step i of year y, and  

 
  is the exploitable biomass in Area z in time-step i of year y (the biomass available to 

the fishery less half of the catch during this time-step). 

 

Results	  

Source	  stocks	  

The process of defining the initial stock present in each area highlighted the abundance 

and under-utilisation of lobsters on the west coast under existing management.  The west 

coast dominated Tasmanian lobster production over the last decade with roughly 65% of 

catch coming from this region.  Of west coast areas, Areas 8 and 11 in the south west were 

most important for catch and together averaged around 25% of the state production over the 

last decade by weight (Figure 4-3).  The number of lobsters harvested each year from the 

west coast areas 6, 7 and 8 averaged 772,000 over the decade 2001-2010.  At first impression 

this seems to suggest that the movement of 100,000 lobsters in this region would 

substantially deplete the source population.  However, translocation involves movement of 

undersize lobsters and only a small proportion of the undersize lobsters reached legal size 

(105 mm CL for females and 110 mm CL for males) and contributed to the harvest. 

The south west (Areas 8 and 11) had far higher recruitment than other areas of the state 

and received around 50% of the state’s recruitment of juvenile lobsters at the 60-64 mm CL 

category, averaging 1.97 million per annum over the last decade (Figure 4-3).  The slow 

growth rates in this region mean that the large supply of recruits was not matched by the scale 

of the harvest.  Very few 60-64 mm lobsters from area 8 grew to legal size and contributed to 
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the catch (average of 22%; Figure 4-4).  Of those that did reach legal size, their average 

weight was lower than in any other area of the fishery at an average of 757 g for the last 

decade.  At the other extreme, most small 60-64 mm CL lobsters from Area 4 in the north 

east grow to legal size and contribute to the fishery (average of 72%).  These lobsters are 60% 

larger by weight at harvest than those in Area 8 with an average weight of 1227 g.   These 

observations show that the yield per recruit in the south west was far less than from other 

regions, which illustrates the opportunity for increase in productivity through translocation.     

 

 

Figure 4-3. The average number and weight of lobsters harvested from each of the 
assessment areas over the last decade (deep and shallow west coast areas combined).  In 
addition, the average number of lobsters recruiting into the 60-64 mm CL size category per 
year is shown (this is the first size class that is captured to any extent in traps).  
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Figure 4-4. The average proportion of lobsters from the 60-64 mm CL size bin that 
grow to legal size and are harvested by the fishery.   

 

 

Economic	  outcomes	  

Ongoing translocations were found to increase legal sized biomass and thus catch rates 

with gains in catch rate achieved by northward translocations comparable to a 14% reduction 

in the commercial quota, or from 105 to 90 kg per pot (Figure 4-5 and Figure 4-6).  The 

increase in catch rate under constant catch implies that catching costs decline for the same 

revenue.  The discounted cash flow effect of this change was estimated at $11.2 million for 

inshore translocations ($1065 for each of the 10,507 catch shares) and $46.4 million for 

northward translocations ($4416 per catch share).  These equate to an increase in NPV above 

that achieved under current management of 5.3% and 22.1% respectively. 
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Figure 4-5. Median projections of legal biomass (t) under different scenarios for 
Statewide (upper) and by areas (lower). Translocations inshore produced stock effects similar 
to a change in the TACC of 5 kg per pot (equivalent to a quota unit).  Translocations 
northward by one area produced a slightly better change in stock than a 10 kg per unit change 
in the TACC.  Although simulated translocations only occurred on the west coast, changes in 
biomass occurred in all areas due to reallocation of effort. 
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Figure 4-6. Median projections of catch rate (kg/ potlift) under different scenarios for 
Statewide (upper) and by areas (lower).  Translocations inshore had a modest effect on catch 
rate and less than a change in the TACC of 5 kg per pot (equivalent to a quota unit).  
Translocations northward by one area produced a significant change in stock approaching 
change equivalent to a 15 kg per unit change in the TACC.  	  
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Sustainability	  and	  ecosystem	  indicators	  

The effect of translocation on egg production was complex due to the interaction 

between: (i) females growing larger so being exposed to fishing at an earlier age; (ii) more 

eggs produced each spawning season as females were a larger size; (iii) a portion of 

translocated females skipping egg production in the first year; and (iv) reduced fishing 

mortality on the entire stock as a consequence of gains in productivity from translocation.  

The combined effect was a modest improvement in egg production.  Egg production 

increased more in the depleted northern areas (Areas 4 and 5), which is the focus for 

management of egg production (Figure 4-7). 

Ecosystem measures also improved in translocation scenarios with improvement in 

both total biomass and large (>145 mm CL) lobster biomass (Figure 4-8 and Figure 4-9).  

Rebuilding of large lobster biomass is a management objective to increase predation pressure 

on the barren forming urchin, Centrostephanus rogersii.  Rebuilding of large lobster biomass 

on the East coast (where barren formation is occurring) through translocation was equivalent 

to what would be achieved with a TACC reduction of 15 kg per quota unit or 14% (Figure 

4-9).   

Translocations resulted in greater depletion of deep water areas (>35 fathoms) but an 

increase in stocks in shallow water (Figure 4-8).  This assists with the management objective 

of spreading fishing effort more evenly, thus reducing risk of ecosystem impact on the more 

heavily fished inshore regions. 
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Figure 4-7. Median projections of egg production under different scenarios for 
Statewide (upper) and by area (lower).  Translocations northward by one area produced a 
change in egg production approaching a 5 kg per pot (equivalent to a quota unit) change in 
the TACC.  Benefit to egg production was modest compared with ecosystem and economic 
benefits because translocation involves harvest of females that would otherwise not be 
captured.  	  

	  



94 
 

	  

	  

Figure 4-8. Median projections of total biomass greater than 60 mm CL under different 
scenarios for Statewide (upper) and by areas (lower).  This biomass measure includes 
undersize lobsters and is of interest for ecosystem function.  Biomass is depleted in deep 
water and enhanced in shallow areas / northern areas.  This implies the ecosystem effect of 
fishing is more distributed across deep and shallow areas, a current management objective (ie 
a more diffuse weaker impact of fishing, rather than concentrated in shallow waters).   
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Figure 4-9. Median projections of large lobster biomass under different scenarios for 
Statewide (upper) and by areas (lower). This biomass measure is of interest in relation to 
predation of barren forming urchins by lobsters.  Translocations northward by one area 
produced an outcome for east coast Tasmania similar to a 15 kg per pot (equivalent to a quota 
unit) reduction in the TACC.   
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Discussion	  

The economically viable outcomes modelled for translocation of rock lobsters from 

western Tasmania, Australia arose through two processes.  The first was that the current 

management regulations, especially size limits, were poorly matched with the growth of the 

stock.  This resulted in an under-utilised stock in the region of the fishery with highest 

recruitment.  The second process was that translocated lobsters rapidly adopted the growth 

rates of their new location and that substantial changes in growth occurred over a small 

spatial scale (as per field trials of Chandrapavan et al., 2010; 2011).  The poor match between 

current regulations and biology could have perhaps been solved by a reduction in the 

minimum legal size in this region of the fishery but there was industry resistance to this 

because of the difficulty of enforcement in this remote region.  There was also concern 

around the effect of harvesting large numbers of smaller, low-grade lobsters on the market 

perception of Tasmanian product.  Translocation thus offered a workable solution by 

allowing the fishery to access recruits from the south west of Tasmania by converting low 

grade/price lobsters into more desirable categories.  This research was subsequently taken up 

by industry with a three-year commercialisation trial commencing in 2012 with 100,000 

lobsters per annum.  

The process of translocating slow growth lobsters into fast growth areas is a form of 

stock enhancement and results in an increase in productivity of the stock.  As a consequence, 

stock rebuilding and associated reduction in cost of fishing was achieved without reduction in 

revenue from a lower total allowable commercial catch (TACC).   This led to an increase in 

future rents so that estimated NPV (i =7%) of the fishery was increased by 22% with 

translocation at levels of 100,000 lobsters per annum.  This would be expected to drive an 

increase in market price for quota shares in the fishery, which at the time of this analysis 

traded at around $AUD20,000 (noting that change in NPV includes the ongoing annual cost 

to quota owners for funding translocation at $AUD10 per quota unit).  The substantial gain in 

NPV modelled here is not surprising when translocation is viewed as an enhancement 

operation: released animals are obtained at low cost (~$1AUD each), are large enough to 

have passed through the survival bottleneck of early juvenile stages so that most lobsters 

recruit to the exploitable biomass, and can be harvested and sold at high price (ranging 

$38/kg to $70/kg).   
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The analyses conducted here extended those of Gardner and van Putten (2008b) by 

examining translocation within the bounds of the estimated biomass and with consideration 

of the resultant movement of effort between regions.  This extension enabled evaluation of 

the scale of translocation, which appeared feasible at the limit selected by industry committee 

of 100,000 animals per year.  Modelling of the entire jurisdiction also indicated that benefits 

would not be constrained to the west coast, where translocations occurred, but with stock 

rebuilding also predicted for the east coast, a current management objective.   

Modelling of the entire jurisdiction also enabled translocation to be examined within 

the context of a TACC managed fishery.  Translocation of 100,000 lobsters per annum one 

region to the north produced stock rebuilding outcomes similar to a cut in the TACC in the 

range of 10-14% depending of the performance measure.  This also raises the issue of how to 

manage TACCs going forward under translocation.  Translocation is essentially an increase 

in productivity of the stock so the challenge of optimisation of TACCs remains the same with 

the need to balance current harvests (or revenue) against higher marginal costs from reduced 

catch rates.  The theory on managing this balance between costs and revenue is well 

developed in fisheries economics theory and generally leads to targeting of MEY (e.g. 

Cunningham et al., 2009).  More recently some researchers have called for greater 

consideration of consumer surplus and societal benefits through employment in setting 

TACC, so that sustainable yield becomes the preferred target (Bromley, 2009; Mills et al., 

2009; Christensen, 2010; Bene et al., 2010).  

Translocation involves intervention into an ecosystem so there is an obligation for the 

operation to improve human welfare, to be conducted responsibly and for ecosystem impacts 

to be evaluated (Bartley and  Kapuscinski, 2008).  Lorenzen et al. (2010) developed a process 

for reviewing enhancement operations.  Many of the issues they and others have raised are of 

low or negligible risk in this case because lobsters are not hatchery produced, are moved 

within range, and density is shifted towards rather than away from natural levels.  They 

emphasise the need for effective policy and governance as the operations move to 

commercial scale, which is now the position of Tasmanian translocations.   

The governance of translocation operations is both simplified and complicated by the 

common-pool nature of the resource.  The stock that is shifted is the property of the State so 

there is no ownership question and the benefit of increased production accrues as per existing 

access arrangements.  However the fact that one sector pays for the operations while 
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recreational, indigenous and non-extractive users enjoy the benefits of increased stock 

abundance implies a free-rider problem.  This problem was examined in the context of 

enhancement operations by Arnason (2008) who concluded that it would constrain the scale 

of operations to a level lower than the optimal societal level.  A specific challenge for 

managers of the Tasmanian resource is how to limit or cap the recreational catch so that this 

doesn’t increase in response to the stock rebuilding through the translocations funded by the 

commercial sector.  Alternatively, contributions to the cost of translocation could be made by 

the recreational sector to internalise the positive externality of higher catch rates.   

Aside from the free-rider problem between sectors there is also an issue of equity 

between individual commercial operators.  Costs are shared between quota unit holders but 

lobsters are removed from areas more important to some operators than others, and shifted to 

specific locations that are fished by a smaller number of individuals.  The fleet dynamic 

model used here suggested that effort would redistribute to areas with enhanced catch rates so 

that all operators would share benefits of translocation.  However, the equity of translocation 

remains a concern for fishers. 

The large regional differences in growth present in Tasmania are unusual in lobster 

stocks which suggest that translocations between regions will not produce large gains in 

economic yield in other jurisdictions.  However, the smaller scale translocations from deep to 

shallow water which were evaluated here produced positive NPV values, albeit at a lower 

level than for translocations with a northward component.  Differences in growth between 

deep and shallow water also exist in other jurisdictions (McGarvey et al., 1999) so smaller 

scale operations may be possible elsewhere, especially if undersize lobsters can be captured 

at low cost, such as through retention of undersize catch through normal commercial fishing.  

This analysis of translocation showed there was opportunity for increasing production 

and economic yield from a fishery which has been widely labelled as “fully exploited”.  The 

fact that lobster fisheries are generally classed as “fully exploited” has led to a common 

misperception that gains can only be made in these fisheries through aquaculture (Kittaka and 

Booth 1994; Hart and van Barneveld, 1999; Phleger, 2000).  In reality, it’s clear that the 

scope for gains in economic yield through changes in harvest strategies are substantial.  At 

one extreme, better targeting of economic yield in setting catch limits has substantial 

opportunity in this ITQ managed fishery and more widely in global fisheries (Chapter 3; 

Kelleher et al., 2009).  Aside from catch limits, there are many other aspects of management 
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that could be better applied in most fisheries ranging from basic rules such as size limits to 

more novel approaches to biological problems as developed here with translocation. All of 

these provide scope for greater community benefit from stocks classed as “fully exploited”.  
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5. General	  Discussion	  
 

Wild capture fisheries are under increasing scrutiny worldwide due to the poor 

performance of many fisheries in terms of biological yield and economic rent.  Collapse of 

the productive capacity of fisheries (formally, biomass less than 30 percent of that which 

produces MSY) has resulted in loss of biological yield in a small (13%) but significant 

proportion of fisheries globally (Branch et al., 2011).  At the same time, the loss of economic 

yield through management that doesn’t effectively target MEY is estimated at around $US50 

billion per annum globally (Kelleher et al., 2009).   

This thesis deals with these issues in a fishery where biological yield has been stable for 

many years so that it is considered fully exploited with little opportunity for growth.  The 

purpose of this research was to utilise economic approaches to explore opportunities for 

improved biological and economic performance.  Chapter 2 reviews the use of economics in 

lobster fisheries globally and shows that even in relatively data rich and well researched 

lobster fisheries, economic approaches have only been applied sparsely and that the gap 

between optimal and current performance is often large. Steps towards closing this 

performance gap include improved collection and reporting of economic data, combined with 

bioeconomic modelling.  Bioeconomic modelling enabled scenario testing of management 

strategies and harvest levels outside the range that has been observed in the recent history of 

the fishery.  This has been important in lobster fisheries where bioeconomic modelling has 

occurred because maximum economic yield has invariably occurred at harvest levels well 

below current levels.   

The examples of management options examined in Chapters 3 and 4 illustrate that it is 

possible to increase both yield and economic rent in a fishery that is considered to be fully 

exploited.  The quota setting process in the Tasmanian fishery had resulted in economic 

yields well below that which would have been achieved if maximum economic yield had 

been targeted.  The fact that TACCs had been selected that were so much higher than that 

which delivered MEY showed that the introduction of ITQs was inadequate to drive 

conservative TACC setting.  Despite substantial changes in the asset value of catch shares 

over the decade of ITQ management, fishers remained unconvinced that higher economic 
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yield could be obtained through lower catches.  The bioeconomic modelling conducted here 

assisted in creating debate about the TACC setting process with lower catches ultimately 

supported by the commercial industry.   

Chapter 4 dealt with lobster translocation and concluded that opportunity existed to 

increase productivity and thus economic yield from this fishery by moving lobsters to faster 

growth areas.  Translocation is a management intervention that would not be possible in 

many fisheries, however, the underlying issue in the fishery that created this opportunity is 

widespread.  That is, the fishery regulations were poorly matched to the biology of the stock, 

with large differences in growth and accessibility between regions.  This was fundamentally a 

problem of a poor match between biology and the minimum legal size limit, one of the most 

easily evaluated and commonly applied rules in fisheries management. 

This research has shown that that the opportunity exists to increase yield in one of the 

most intensively researched and tightly managed fisheries in Australia, suggesting that 

similar opportunities are likely widespread.  In the case of the FAO study used to estimate the 

annual loss of economic yield from global fisheries at $US50 billion, the biomass growth 

functions were fitted to existing production data and thus would fail to capture the lost 

production resulting from the current spatial patterns of management in fisheries (Kelleher et 

al., 2009).  Thus there is an additional gap between current performance and optimal 

performance in fisheries that comes from the sub-optimal application of input controls such 

as size limits and gear restrictions. This represents an opportunity for the use of fisheries 

economics in improving community benefits from fishing through refining harvest strategies 

beyond total catch limits, which have been the main focus of fisheries economics to date.   

Examples of input controls used in rock lobster fisheries that warrant further analysis using 

bioeconomic modelling include: 

(i) The prohibition on the harvest of “berried” or ovigerous female lobsters, which 

hold fertilised eggs under their tail until they hatch.  Around 400 tonnes of female 

lobsters are harvested each year but cannot be taken at the time of the year when 

price is highest or the weight of individual lobsters is highest. Switching the 

harvest strategy so that females are only harvested when carrying eggs, and thus 

around thirty percent heavier, would be expected to lower the overall harvest rate 

for females, raise egg production, and raise economic yield. 
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(ii) Greater investigation of the interaction between the size limit and the quota as it 

may be possible to lower or remove size limits in some regions and to rely more 

on quota controls to regulate catch. 

(iii) Better targeting of market demand for product of specific size and season.  It may 

be possible to achieve higher economic yield with lower catches that receive 

higher price. 

 

The results of the economic analyses presented here have been significant in terms of 

their impact on management of the fishery with the adoption of both MEY targets for the 

TACC setting process and commercialisation of translocation now underway.  In both cases 

change followed a process whereby the industry was able to present a unified position to the 

Government, following an industry vote.  The process of obtaining this industry support for 

change was important to the final outcome.  Key components in securing this industry 

support were the use of an industry sub-committee (including the candidate) who developed 

discussion papers for the wider committee and undertook a series of port meetings where the 

concepts of managing for economic yield were discussed (Figure 5-1).   

The first large scale commercial translocations were completed in February 2012 and 

outcomes have not therefore been assessed.  However the impact of the bioeconomic 

modelling of commercial quotas has already been substantial.  Quotas were reduced in 

2009/10 and 2010/11 in response to research presented in Chapter 3.  Catch rates started to 

recover in the second half of 2011, which led to an increase in lease price, from $9/kg in 2011 

to $25/kg in 2012.  This equates to an increase in yield on quota units of $17.6 million.  The 

market value of quota units for purchase also increased by $8000 per unit over the same 

period ($22,000 to $30,000) which equates to a rise in market capitalisation of the entire pool 

of quota units of $84 million. These rapid, substantial gains demonstrate the opportunity for 

growth in fisheries through application of bioeconomic modelling and economic theory.   
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Figure 5-1.  Industry meeting leading to a vote to pursue the commercialisation of lobster 
translocation (Chapter 4).   
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Appendix	  1:	  Population	  dynamics	  model	  structure	  
 

A population model of the lobster stock was first applied to define the size and structure 

of the stock, plus the between-period variation in recruitment to the initial size bin (60-64 mm 

carapace length) and builds on the structure described by Punt & Kennedy (1997) and 

Hobday & Punt (2001).  Parameter estimates gained through this stock estimation process 

were then used to examine the economic and biological outcome of different management 

strategies in projections of the stock. 

The population dynamics model was spatially and temporally structured with the spatial 

strata (Figure 3-1) indexed by “z”. There were eight time-steps each year (T), which were 

single months except for pooling of low catch periods May-July and August-October. The 

duration of the ith time-step (i=0,1,..,T-1) is denoted  and, by definition, .  

The basic dynamic involves specifying the number of animals of sex s in 5 mm 

carapace length size-classes l (with smallest and largest bins 60-64 mm and 215-219 mm) in 

Area z at the start of time-step i of year t, taking account of natural mortality, fishing 

mortality, movement, growth, and settlement. Harvesting of product was ordered to occur 

before growth and settlement after which movement occurs: 

  (1.1) 

where    is the number of animals of sex s in size-class l in Area z at the start of 

time-step i of year y, 

  is the fraction of the animals of sex s in size-class l’ in Area z that grow into 

size-class l during time-step i (the possibility of shrinkage was ignored),  
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 is the fraction of the animals of sex s that move from Area z’ to Area z at the 

end of time-step i (estimated only for movement between adjacent deep and shallow sub-

zones) 

M  is instantaneous rate of natural mortality (assumed to be independent of sex, 

size, sub-zone, and time),  

 is the exploitation rate on animals of sex s in size-class l and Area z at the start 

of time-step i of year y: 

        (1.2) 

  is the selectivity of the gear on animals of sex s in size-class l in Area z during 

year y given the implications of the legal minimum length which were 105 mm for females 

and 110  mm for males in all sub-zones, periods and years, 

 is the relative vulnerability of males to females during time-step i ( =1 for 

males; 0 for females during the closed season in periods 5 and 6),  

  is the exploitation rate on fully-selected (i.e. ) animals in Area z during 

time-step i of year y,  

 is the fraction of the settlement to Area z that occurs to sex s during time-step i 

( ),  

 is the proportion of the settlement of animals of sex s that occurs to size-class l 

( ), and 

  is the settlement of animals to Area z during year y. 

Allowance was made for selectivity to differ among years to implement possible past 

and future changes in selectivity due to changes to minimum legal size limits, gear 

configurations and where fishing occurs within sub-zones. Allowance was also made for 

settlement to occur to any size-class, during any time-step and in different ratios for males 

and females. The annual settlements were parameterized as follows: 
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        (1.3) 

where    is mean settlement to Area z, 

  is the “recruitment residual” for year y and Area z,  

 is the standard deviation of the random fluctuations in recruitment for year y: 

       (1.4) 

 is the extent of variation in settlement for years after , and 

 determines the extent to which  changes with time. 

Although the model did not explicitly include a stock recruitment relationship (between 

egg production and settlement), the size of the annual egg production was of interest to 

management. Egg production was given by the following equation for the case in which 

spawning is assumed to occur at the start of time-step : 

        (1.5) 

where   is the expected number of eggs produced by a female in size-class l in 

Area z, and 

 is the time-step in which spawning occurs. 

The fully-selected exploitation rate during time-step i of year y in Area z, , is 

calculated by: 

       (1.6) 
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is the commercial catch in Area z during time-step i of year y (from Haddon & 

Gardner, 2009),  

  is the recreational catch in Area z during time-step i of year y (from Lyle 

2008) ,  

  is the illegal catch in Area z during time-step i of year y (assumed 2%; pers 

comm. DPIPWE Quota Audit Unit),  

 is the number of animals of sex s in size-class l in Area z when the catch 

during time-step i of year y is removed, and 

  is the weight of an animal of sex s in size-class l and Area z. 

Equation (1.6) has the assumption that the selectivity pattern for commercial, 

recreational, and illegal fishers is the same, and that discard mortality is negligible compared 

to fishing mortality (Frusher & Hoenig, 2003).  

It was assumed that the population was in equilibrium with respect to the average catch 

over the first 25 (  ) years for which catches are available in years 1970 to 2008 ( ). 

This approach to specifying the initial state of the stock differed from that traditionally 

adopted for assessments of rock lobster off Tasmania and Victoria in that no attempt is made 

to estimate an initial exploitation rate (Punt & Kennedy 1997, Hobday & Punt 2001). The 

settlements for years  to   were treated as estimable so that the model was 

not in equilibrium at the start of year . The exploitation rate for the years  to 

 are set to the value used to calculate the size structure between years  and 

  ( ).  

 
Model	  objective	  function	  

 
The objective function used here differed from many bioeconomic models where the 

maximum economic yield is generally optimised.  In this case the objective function related 

solely to the stock and had contributions from four data sources: commercial catch rates; 

length-frequency data; commercial catches in number; and tagging data.   
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The contribution of the catch-rate data to likelihood function was given by: 

   (2.1) 

where    is the standard deviation of the random fluctuations in catchability for 

Area z, year y, and time-step i,  

  is the catchability coefficient for Area z and time-step i, 

  is the catch-rate index for time-step i of year y and Area z, and  

  is the exploitable biomass in Area z in time-step i of year y (the biomass 

available to the fishery less half of the catch during this time-step): 

    (2.2) 

The maximum likelihood estimate for  can be obtained analytically: 

   (2.3) 

Allowance was made for the possibility catchability changed between groups of years 

(1970-1983; 1984-1999; and 2000 onwards) by treating each period in which catchability was 

constant as a separate catch-rate index.  This enabled the model to respond to change in 

fishing technology through the time series of data.   

Length-frequency data were available for the commercial catch and from research 

sampling. Selectivity of these gears differed because commercial data was collected from 

pots with open escape gaps that reduced capture of undersize animals. Thus the commercial 

length-frequency data provide information on the proportion of the catch of each sex in each 

size-class above the legal minimum length, while the research length-frequency data also 

provide information on the number of animals of legal size and smaller. The observed 

fraction of the catch of animals of sex s in number during time-step i of year y in Area z that 
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are in size-class l is denoted . The model-estimate of this quantity, , took account of 

the selectivity of the gear and the numbers in each size-class: 

 

                (2.4) 

The observed value of  was assumed to have a multinomial distribution, which led 

to the following likelihood function (ignoring constants independent of the model parameters) 

for each of the two sources of length-frequency data: 

      (2.5) 

where    is a factor to weight the length-frequency data relative to the other data 

for sex s, Area z and time-step i of year y (the “effective sample size” for sex s, Area z and 

time-step i of year y). 

The parameter  was needed because the likelihood (Equation 2.5) was based on the 

assumption that the length-frequency data are collected by means of a simple random sample 

from the catch. Unfortunately, using the raw data (i.e. set  in Equation 2.5 equal to the 

number of animals actually sampled) assigns too much emphasis to the length-frequency data 

because the sampling for length-frequency is not random and because the assumption that 

selectivity is time-invariant will be violated to some extent. Downweighting this data corrects 

to some extent for this.  

 

The commercial catches in number, , were assumed to be lognormally distributed 

about their expected values. The contribution of these data to the likelihood function was 

therefore given by: 

   (2.6) 
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where  and  is the fully-selected exploitation 

rate in Area z imposed by the commercial component of the fishery during time-step i of year 

y: 

     (2.7) 

 

Tag-recapture data were used in the recapture conditional framework of McGarvey 

& Feenstra (2002) to determine movement rates between adjacent deep and shallow sub-

zones (ie sub-zones 6 and 9; 7 and 10; 8 and 11). Specifically, the likelihood for the tag-

recapture data is the product over recaptures of the probability of recapturing a tag in the 

Area in which it was recaptured given its Area of release, its time of release and the time 

that it was at liberty for. The recapture-conditioned recapture probability for tagged 

lobsters at large for just one movement time was: 

  (2.8) 

 

where    is the Area of release, 

 is the Area of recapture, 

 is the time when the tagged animal was released,  

 is the time when the tagged animal was recaptured,  

 is the time-step between release and recapture when movement occurs, and 

 is the number of sub-zones is the model. 
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For computational ease, the dependence of  on size in the recapture probability of 

McGarvey & Feenstra (2002) was dropped by assuming selectivity was 1 for all tagged 

animals.  

 
Model	  projections	  

 

The population dynamics model on which the economic projections of alternative 

TACCs were based was identical to that on which the stock assessment was based. However, 

this projection model was extended to specify future catches as well as to calculate the output 

statistics related to costs, revenues and profits. Projections were for 15 years into the future. 

Annual catches from the commercial, recreational and illegal sectors (2% of 

commercial for each time-step and sub-zone) were specified.  

The split of the recreational catch by time-step and Area was assumed to be static so 

that the catch during time-step i of year y in Area z by the recreational fishery, , was 

given by: 

        (3.1) 

where  is total recreational catch during year y (at 2007 level of 140 tonnes in 

all scenarios), and 

 is the proportional of the recreational catch which was taken from Area z 

during time-step i ( ) in 2007 (Lyle, 2008).  This assumption that the 

distribution of catch was stable was based on the historical pattern in the fishery where 

recreational effort tends to occur near population centres rather than moving to areas of 

higher catch rate (Lyle, 2008). 

The value of   depended on the total allowable commercial catch, as well as the 

effort dynamics model.  
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The effort dynamics model first assigned catches to time-step within the year and then 

using a second model to allocate catches to sub-zone. Letting  denote the commercial 

catch during time-step i of year y for the catch limit in which Area z is found, : 

        (3.2) 

where   is the proportion of the catch limit for Area z which is taken 

during time-step i, and 

 is the catch limit for year y for Area z. 

 is then allocated to Area using the formula: 

        (3.3) 

where  is the proportion for year y and time-step i of which the catch in Area z 

is of the catch during time-step i of year y from the catch limit area in which Area z is found: 

        (3.4a) 

      (3.4b) 

  is the exploitable biomass in Area z at the start of time-step i of year y, and 

a,b,c,d are coefficients. 

Equation 3.4b allows the split of the catch among sub-zones (within a catch limit area) 

to respond to the biomass in each Area as well as the split of the catch among sub-zones in 

the previous time-step and in the current time-step in the previous year. The constant (a) 

reflects inertia in the extent to which catch varies spatially. 

Equation 3.4 can lead to catches which exceed the exploitable biomass in a sub-zone. In 

this case, the catch for the Area concerned is set to the exploitable biomass and the catch 

which cannot be taken from the designated Area is allocated to the remaining sub-zones in 

proportion to the catch limits allocated using Equation 3.4a.  
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The values for parameters of Equation 3.4b were estimated by fitting it to the 

proportion of the catch by Area from 1997-2006. The likelihood function was assumed to be 

multinomial, but this is largely arbitrary because the model is not being fit to data for which 

the precision is known. In any case, the reason for this model is projection and not inference. 

Note that Equation 2.4b depends on the predicted (rather than observed) proportions in the 

previous period (same year) and previous year (same time-step). For the first year used to 

calibrate the model (1997), the observed rather than predicted proportions are assumed. 

 

Recruitment of stock as juveniles in future years was through selection of a settlement 

at random from those estimated from data from 1998 to 2007. This time period was selected 

because it coincides with the duration of ITQ management in the fishery and thus reduces 

risk of bias from changes in fishing practices.  In addition, this time period reduces bias from 

climate change impact on recruitment (Pecl et al., 2009), relative to the 30 year recruitment 

series used by Punt & Kennedy (1997). 

The annual discounted profit from commercial fishing for year y was the difference 

between the costs and revenues for year y, discounted since the first year of the projection 

period, i.e.: 

      (3.5) 

where  is the (discounted) profit during year y,  

 is the discount rate (using an annual rate of 0.07 in analyses shown here), 

 is the first year of the projection period, 

 is the revenue generated from commercial fishing in Area z during time-step i 

of year y, and 

 is the (variable) cost of commercial fishing in Area z during time-step i of year 

y. 

The revenue from commercial fishing in Area z during time-step i of year y is given by: 
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      (3.8)  

where   is the number of animals of sex s in size-class l in Area z at the start of 

time-step i of year y, 

  is the selectivity of the gear on animals of sex s in size-class l in Area z during 

year y given the implications of the legal minimum length, 

 is the relative vulnerability of males to females during time-step i, 

M  is instantaneous rate of natural mortality (assumed to be independent of sex, 

size, sub-zone, and time),  

 is the duration of time-step i, 

  is the exploitation rate on fully-selected (i.e. ) animals in Area z during 

time-step i of year y, and 

 is the price of a lobster in size-class l and Area z during time-step i of year y. 

The costs of commercial fishing in Area z during time-step i of year y is given by: 

       (3.9) 

where  is the cost for a single potlift during time-step i in Area z (Table 3-1, 

Chapter 3), and 

 is the catchability coefficient for time-step i and Area z. 
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Table A1. Parameters of the model and their prior distributions. Parameter values fixed using 
auxiliary information are denoted as “known”. 

Parameter Description Prior distribution 

 
The recruitment residuals   

 
Mean settlement U(-∞, ∞) 

 The extent of variation in settlement for years after 
 

Known 

 The extent to which  changes with time Known 

 
Fraction of the animals of sex s in size-class l’ in 
Area z that grow into size-class l at the end of time-
step i 

Known 

 Fraction of the animals of sex s that move from Area 
z’ to sub-area z at the end of time-step i, 

Known 

M Natural mortality  Known 

 
Gear selectivity as a function of sex and length Known 

 Fraction of the recruitment by time-step, sex and sub-
zone 

Known 

 Proportion of the recruitment of animals of sex s that 
occurs to size-class l 

Known 

 Egg production as a function of size and sub-zone Known 

 Weight as a function of size, sex, and sub-zone Known 

 The time-step in which spawning occurs Known 

 The lower limit of size-class l for sex s Known 
χ, ω Parameters which define the initial state Known 

 / / 
 

Catchability U(-∞, ∞) 

 
Standard deviation of the random fluctuations in 
catchability for Area z and time-step i of year y 

Known 

 Standard deviation of the random fluctuations in 
mean weight 

Known 

 /  The standard deviation / CV of  
Known 

 
Annual real discount rate Known 
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Appendix2: 
Biological modelling of translocation as a 
management tool for a rock lobster fishery 
 
Has been published as: 
 
Biological Modeling of Translocation as a Management Tool for a Rock Lobster Fishery 
Gardner Caleb, Van Putten E. Ingrid  
Reviews in Fisheries Science. 2008 16(1-3). p.81 
 
http://dx.doi.org/ 10.1080/10641260701696183 
 

Abstract 
Translocation is a form of stock enhancement and involves shifting animals between 
regions to increase yield or to address sustainability issues. We used a sex and size structured 
model with yearly time steps to examine the use of translocation for management of the 
Tasmanian rock lobster Jasus edwardsii fishery, which is fishery characterised by spatial 
heterogeneity in biology and fishery impact. Cohorts of undersize lobsters were translocated 
between four sites of origin and four release sites that spanned a range of growth rates. 
Results of translocations were contrasted against expected outcomes if the lobsters had been 
left at their original site. Gains in yield of greater than 100% appear possible through many 
scenarios although were largest when distances between sites were greatest (from SW to NW 
Tasmania). Short-distance translocations from deep- to shallow-water have been proposed to 
alter market traits of lobsters but gains in yield from these exercises appeared trivial. Egg 
production was increased in the release site for all scenarios, indicating that translocation 
could complement the current policy of rebuilding northern egg production. Translocation 
appears to offer an alternative management option for increasing yield, especially if 
integrated with other spatial management tools such as regional size limits. 
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Appendix 3:  
The economic feasibility of translocating rock 
lobsters to increase yield 
Has been published as: 
 
Gardner, C and Van Putten, IE, The Economic Feasibility of Translocating Rock Lobsters to Increase 
Yield, Reviews in Fisheries Science, 16, (40238) pp. 154-163. ISSN 1064-1262 (2008) 
 
http://dx.doi.org/ 10.1080/10641260701681789 
 

Abstract 
Translocation of undersize rock lobsters Jasus edwardsii from low growth to high 
growth areas has been proposed as a method to improve yield and marketability. The 
economic feasibility of these operations was examined for translocations by either charter 
vessels or by fishers retaining their sub-legal catch and releasing these on their return trip to 
port. Benefit was quantified by the increase in revenue, relative to leaving lobsters at their 
original site, less cost for translocating lobsters. Scenarios were considered feasible when 
costs per kg gain in yield were below that for quota leased through the market. Lower cost 
fisher translocations appeared feasible except for short distance translocations from deep to 
shallow water in the same region. Greatest net benefit occurred from long distance 
translocations between regions with extreme differences in growth (from SW to NW 
Tasmania). These operations required vessel charter and led to a net State benefit of 
$Australian169,000 per 5 tonne trip with internal rates of return approaching 400%. Cost per 
kg gain in catch for these operations was estimated at less than $A3/kg and thus substantially 
less than the current lease price of around $A16/kg. The apparent economic feasibility of 
translocation provides support for pilot-scale trials. 
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