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I Introduction



1 Background

The latest report from the Food and Agriculture @&igation of the United Nations (2009)
states that the proportions of overexploited, deplend recovering marine fisheries remain
high at 19%, 8% and 1% respectively. Fisheries mamant using traditional conservation
measures has largely failed to maintain fish st@tksustainable levels. Numerous examples
of stock depletion and fisheries collapse are fouanthe literature despite a range of attempts
to manage fisheries (Hilborn et al., 2003, Caddy Agnew, 2004). Although the amount of
over exploited or depleted stocks seems to hawdliged (FAO, 2009), some scientists have
made alarmist predictions concerning the futurevofldwide fisheries, forecasting the total
collapse of fisheries by 2048 (Worm et al., 2006).

It has long been argued that the problem underljfiegfailure of fisheries management is
“too many boats chasing too few fish” (Berkes, 1988born, 2007). This results from the
open access nature of the resource (Gordon, 19%xlirt] 1968). The negative externalities
created by each fisher on the rest of the fleatarftshers to be the first to catch the fish and
feed the “race for fish”. Marine fish are commonopoesources, and unlike other natural
resources, their allocation to individual ownersiraa be done a priori. In principle, the
absence of access regulation means that fish caaught by whoever wants to fish. In open
access fisheries, fishers have incentives to etfter fishery until it is economically
unprofitable to do so, when the rent has beenphssil (Gordon, 1954). The fishing fleet
becomes too large compared to the production petesitthe fish stock and the overcapacity
leads to competition between harvesters. Managemeansures decreasing the race for fish
exist and can be used to complement conservati@sumes, by restricting access to fisheries.
This has spurred the development of managemenhgebn access regulation worldwide is
an attempt to tackle the difficulties arising fraime open access nature of the resources.
Thébaud et al. (2006a) analysed the advantages limmthtions of alternative policy
approaches to the problem of access regulatiorisheries, and explain how the use of
administrative or economic (incentive based) toslgeh as taxes and individual fishing

authorizations (transferable or not) can reducedbe for fish.

A widely proposed and increasingly adopted managémetion is based on individual
transferable fishing rights (Christy, 1973, Moloreeyd Pearse, 1979, Wilen, 2006). Different
fishing rights can be implemented, based on efiotatch (see Boncoeur et al., 2006 for the



typology of fisheries management tools). Costello a& (2008) suggested that the
development of the use of catch shares worldwidelavaurb the collapse of fisheries
predicted by Worm et al. (2006). Catch shares afsned as allocations of catch rights to
individuals or collectives, usually as percentagésa total allowable catch (TAC). When
catch rights are allocated to individuals and can ttaded, they are called individual
transferable quotas, ITQs. The introduction of IT€arted about three decades ago (Chu,
2009). Within the Organisation for Economic Co-@tem and Development (OECD, 2006)
sixteen countries had implemented individual qutdamanage part of or all their fisheries by
2006. In 2007, at least seven nations used ITQa \amjor fisheries management system
including Iceland, New Zealand, Australia, Cana@dile, Greenland, the Netherlands,
Russia and Morocco (Arnason, 2007). Other coungiss manage their fisheries using ITQs
with variable degrees of tradability, including eeal European Union members, the USA,
Mexico and Namibia (Arnason, 2007, MRAG et al., 200

2  Fisheries management with individual transferable guotas

Combined with an appropriately set total allowatdéch (TAC), the predicted outcomes of
ITQs include a higher economic efficiency of fiskerand, indirectly, sustainable stocks. The
later outcome is expected to result from the faet,talthough the TAC alone controls the
total catch and the stock sustainability, ITQs lzbeved to increase the stewardship and the
compliance of participants (Anderson, 1995). Howetlee main expected outcome of ITQs
Is increased economic efficiency, as was argue@hmysty (1973) in his seminal work. For a
given TAC, fisheries profitability can increase Imgreasing the value of the product and
decreasing the costs of fishing. In many fishenea state of overcapacity, a direct way of
reducing fishing cost is to reduce the number adseés in the fishing fleet (so-called
rationalization) and adjust the capacity to a lowarel. This can be facilitated by the
transferability of fishing rights. Less efficienisiiers can sell their quota to more efficient
fishers and exit the fishery, with “windfall gaina% the fishing rights are often given for free

to the first generation of fishers (Brandt, 2007).

In addition to decreasing their costs, fishersndTQ system can increase their revenue from
fishing by changing their fishing behaviour to lamdre valuable fish categories and increase
the value of their landings. Multiple strategiesvdndeen used by fishers to increase their



revenue within the constraints of their quota atam. One of the most famous example is
the British Columbia halibut fishery (Casey et dl995), in which under “derby fishery

conditions”, the fishing season had shrunk to tvagsdper year and most of the fish was
frozen. Once ITQs were introduced, fishers werecalied a share of the TAC and did not
need to race for fish anymore. Subsequently, fgshiiccurred all year long ensuring a
continuing supply of fresh fish fetching a highetcp. In other fisheries, fishers have
switched to less damaging gears (Dewees, 198%edtheir fishing effort to months when

beach-prices are higher (Annala, 1996) and incckdke value of products by onboard

processing (Annala, 1996).

Despite the largely positive outcomes expectecheflTQ management system in terms of
economic efficiency, some of its economic and damihcomes have raised criticism (Copes,
1986, McCay, 1995, Pinkerton and Edwards, 2009hAigh the transferability of fishing
rights has positive effects as it leads to the ¢&8dn of excess capacity of fleets, the
aggregation of fishing rights in the hand of a f@mners observed in some ITQs fisheries has
been considered to have negative economic effectgarticular, the consequence of quota
accumulation is the change in market power withmalsgroup controlling the market for
fishing rights, which can lead to market inefficteas (Anderson, 2008). In addition, equity
and wealth distribution issues have been regardddleamain drawbacks of the management
system. Equity concerns have focused on the risivadtion of smaller fishing firms, with
bigger or wealthier companies only having the @pid expand their fishing allocation
(Bernal et al., 1999). Moreover local economies banimpacted if the fishing rights are
transferred to other regions (Campbell et al., 2@0@ason, 1993). In most cases, rules have
been enforced to avoid or limit consolidation, kgtricting the proportion of total allowable

catches owned or used by an individual or a company

Three decades after the first introduction of IT@#e Netherlands for plaice and sole and in
Iceland for herring (Chu, 2009), the interest & ftientific community and managers is still
growing. It has now been recognized that ITQs atearpanacea and that the implementation
of the system requires careful consideration of pleéential social effects. Despite the

increasing interest for ITQs, very few studies héov@ised on the behaviour of the fishing
fleet under ITQs. Bio-economic models have beenlieghpto investigate the optimal

distribution of quota between fishing fleets undlee assumptions that fishers would not
change their fishing activity (Guyader, 2002, Arsdgr and Bogetoft, 2007, Armstrong and

Sumaila, 2001, Kulmala et al., 2007). However, oh¢he main expected effects of ITQs is



that fishers will change their fishing practices itwrease their profitability. Despite the
growing recognition of fisher's behaviour being thmin factor of uncertainty in fishery
management outcomes (Fulton et al., 2011, Hilb200,7, Wilen, 1979), models of individual
behaviour have rarely been considered in ITQ fisseThe development of effort allocation
and quota trading models in ITQ systems has ineckasrecent years (see Little et al., 2009
for an applied quota market, and Poos et al., 26d@n example of fishers behaviour in an
ITQ fishery) but there are only a few, very receramples justifying the exploration of such

models in the current thesis.

3  Thesis objectives

This thesis addresses this gap in knowledge angsasathe response of individual fishers to
the introduction of ITQs. The research has two nudojectives. The first one is to compare
the theoretical predictions on the incentives a@ddy ITQs to real data on fisher behaviour.
The empirical information, both qualitative and qgtitive, available on a case study fishery
is used to assess the drivers of behavioural regsorand the ensuing changes in fishing
activities. The second objective is to create adamonomic model including fishing effort
allocation and quota trading, and capturing themtees identified in the analysis of the case
study. A fleet dynamics component is added to aistieg biological operating model.
Fishing and quota leasing decisions are modelleétdeaindividual level to capture the short-
term micro-economic behaviour of actors in thedish The model is then used to discuss the
potential effects of management and external peation scenarios. The attention is
particularly focused on the examination of alteneatquota trading limitations and their
impacts on economic outcomes of the ITQ systemantkesting future scenarios of likely
perturbations and to examine the adaptive respohdbe fishery to climate change and
economic disturbances. The Tasmanian rock lob&hkery is used as a case study for this

thesis.

4  The Tasmanian rock lobster fishery

The Tasmania rock lobster fishery is the secondtimgortant wild fishery of Tasmania
behind the abalone fishery in terms of landed vdWBARE, 2008) but it is the most



important fishery in terms of employment (Gardreale 2004). The value of the commercial
catch at first sale was estimated at AUD$60 miBiagm 2006-07 (ABARE, 2008), while the

direct employment in the fishing and processingt@ewas estimated at 1350 full-time

equivalent persons in 2002 (Haddon and Gardner,9)200h addition, about 20000

recreational licences, nearly 4% of the total papah in Tasmania, were issued in 2006/07
(Lyle, 2008). Given the economic and social impact of the fishery, its sustainable
management has been important to the Tasmaniargbiopu The Tasmanian Department of
Primary Industries, Park, Water and Environment IEDPE) is responsible for the

management of the fishery, including the collectadrcatch and effort data, quota auditing
and compliance. In addition to daily catch and rifftata recorded by fishers, DPIPWE also
collects monthly beach prices reported by processquota exchanges (temporary and
permanent) between quota owners and charactertifishing vessels, fishers and quota
owners. Besides the data regularly monitored, aossmnomic survey was undertaken
immediately before (Williamson et al., 1998) anteathe introduction of quota (Frusher et
al., 2003) and an economic survey was undertak@®@7 (Gardner and Van Putten, 2008).
The amount and quality of the data available madeTasmanian rock lobster fishery a good

case for this study.

Southern rock lobstedasus edwardsiis harvested around Tasmania, south-easternahastr
(see map figure I-1). Although managed as a siatglek, Tasmanian rock lobsters display
characteristics specific to their area of settleimBock lobsters are highly sedentary after the
larval stage (Gardner et al., 2003) so the enviental pressures driving the growth and the
shell colour produce a spatially heterogeneous lptipn. Lobsters in the North of Tasmania
are larger due to faster growth in warmer water mamad to the cold southern waters
(Gardner et al., 2006). Moreover, lobster coloupatwls on the depth where lobsters live.
Lobsters caught in shallow waters are bright redemieeper water lobsters are “whitish”
(Chandrapavan et al., 2009). Since the late 90&ral 75% of the Tasmanian rock lobster
are exported live to China (Bradshaw, 2004). Lalsstetch different prices on the Chinese
market depending on their size, driven by the sowttth gradient (Processqrers. comn),
and colour, determined by a shallow-deep gradi€htafidrapavan et al., 2009). The beach
prices offered to Tasmanian rock lobster fishefieecethe Chinese demand. The red lobsters
are more valuable than whitish lobsters and fetomf$2 to $6 more per kg on average

(Chandrapavan et al., 2009). Small to medium sibstérs that can be either served for one,



two or four people are the most valuable, oftenhiely between $5 to $10 more per kg than
lobsters larger than 2kg.

Figure I-1 Geographical position of Tasmania.

The Tasmanian rock lobster industry is a “priceetak(Harrison, 2004) as prices are
exogenous to the fishery, mainly depending on then€se market and the exchange rate
between the Australian dollar (AUD$) and the Ché&esnminbi (RMBJ. In addition to
spatial gradients, seasonal patterns also impacetbnomic performances of fishers. Catch
rates and beach prices display opposite seasottains in summer catch rates are high
while the beach price is low whereas winter cattbs are low and beach prices are high. The
lobster catch-rates are driven by the life cyclelafsters, regulation and the physical

environment (see box 1).

! The formation of ex-vessel prices for the Tasmamiack lobster has been studied as part of a prajean
econometric course and is not reported in thisishddMON, K. G. (2008) Analysis of the price of Taanian
rock lobster 1993-2006. University of Tasmania.



Box 1: Seasonal variation of rock lobster catch ras

Catch rates represent the catch per unit of e{ffoRUE). For the Tasmanian rock lobster
fishery, this is the number of legal size lobstasght per individual trap lift. They depend on
the available biomass but also of a set of facafiescting the catchability of lobsters. The
available biomass is the biomass legally explogdblg. above the legal size limits when the
fishery is open for harvesting). In the Tasmanaekrlobster fishery, growth and regulations
change the size of the available biomass seasoriRdigk lobsters grow by discontinuous
growth called moulting. Lobster growth consiststlod replacement of their protective shell
by a larger shell as fast as possible in orderhtirten the time when they are vulnerable
(Frusher, 1997). Lobsters hide in a shelter duttegmoulting process and do not feed at this
time. They only leave their refuge when the newlstdard enough to offer protection from
predators and then forage actively to compensateht® lower food intake during moult.
Moulting is supposed to occur synchronously forstebs of similar size in the same region.
Male lobsters moult from August to November in $@uh Tasmania and a little later (in
northern Tasmania. Female lobster moult in Aprd a&fay after which mature females carry
eggs. A seasonal closure on harvesting femaledmbgtrotects them during the reproductjon

period (May to September).

The combination of a minimum legal size resultingknife-edge retention and discontinuqus
growth causes the entry of a large portion of usiderlobsters into the legal size biomass in
November. Inversely, in winter (May to Septembédre female fraction of the stock |is
removed from the available biomass as all femakestkrs captured must be immediately

returned to the sea. In addition, Ziegler et aD0@a) showed that the catchability varies

=

seasonally and probably with water temperature Woth catchability during cold wate

temperatures in winter.

Rock lobster has been exploited in Tasmania siheefitst settlers colonized the island in
1804 (Winstanley, 1973). First, they harvested tietsswith small boats and ring nets in
shallow waters. Baited fishing traps were firstaniuced by Victorian fishers (coming from
the mainland Australian state, Victoria, north @simania) around 1880 but were considered
“destructive” and banned in 1902. The use of traps legalized in Tasmanian waters in1926
and trap licences were introduced. With fishingpgrdbecoming more popular, the fishery

changed. Larger vessels went fishing on deepes idehtified by trials or soundings. Today,



baited traps are the only gear used by commetsia¢ifs. Trap dimensions are regulated and
escape gaps for juveniles are compulsory in dlirig traps (Anon, 2006). In the 1990’s, the
rock lobster fleet was composed of more than 3@&els ranging from 6 to 45m in length.
The majority of the vessels were made of timberrtmwer vessels began to be made of steel
to fish in rougher areas. Commercial fishers arevanly distributed along the coast of
Tasmania. The main part of the fleet is basederstiuth-eastern part of Tasmania and on the
East coast where most of the Tasmanian populasidocated due to the milder climate and
access to infrastructure. The rest of the fleetefrom, by decreasing number of vessels, the
north coast, the Bass Straight Islands (King Island Flinders Island), the west coast and
other Australian states (Williamson et al., 1998hile commercial fishers cover the state’s
waters to catch rock lobster, recreational fislverscentrate on areas close to populated areas,

by diving for rock lobsters or using traps or rimgfs (Lyle et al., 2005).

In the late 1980’s, declining catch rates led towgng concerns in the industry. Despite the
numerous management measures based on input soaleddy enforced, fishing effort was
higher than the effort estimated to sustainablyémstrthe resource and needed to be reduced
(Anon, 1993). Two management options were suggestddiebated within the industry. The
first advised the reduction of the number of trapshe fishery by about 30%. The second
option recommended the introduction of a total wéble catch and its allocation through
ITQs (Ford, 2001a). Although, most in the industgognized the need to reduce catch and
effort in the fishery, a consensus on the method ad to reach (Ford and Nicol, 2001).
Eventually, a majority of the industry voted foethifQ option and in 1996 the Government
established a committee to oversee the implementati output controls and the merit of
retaining some of the existing input controls aachhical measures already implemented in
the fishery (see figure 1-2 on history of the rddbster management). The Government
supported the introduction of ITQs because it giswvided a mechanism to restructure the
industry and allowed fishers who decided to leavdd so with a reasonable return (Ford and
Nicol, 2001). ITQs were implemented in March 1998.



technical conservation measures: input restrictions: lead-up to quota mgt |output conirol:
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Figure 1-2 Timeline of management measures in thea@manian rock lobster fishery.
(adapted from Bradshaw, 2004).

5 Structure of the thesis

This study investigates the outcomes of the intctidn of ITQs in the Tasmanian rock

lobster fishery 10 years after their introductiomd dhe behavioural responses of the industry.
In chapter 2, the observed impacts of ITQs on tkleefy are compared to the theoretical
expected effects of ITQs drawn from the literatdree response of the fishing fleet in terms
of rationalization and change of fishing practidestarget more valuable products are
investigated. Moreover, the extent to which quotasvaccumulated by quota owners is

guantified.

Chapter 3 focuses on individual responses. Theontiehaviour of fishers is studied to test

whether the changes in fishing practices identifiedchapter 2 result from a change of

individual behaviour or from the departure of fish&aditionally operating the less profitable

fishing activities. Fishing activities are idengifi and characterized at both short-term (the
location choices at the trip level are called “retl) and annual scales (“fishing strategies”).

The analysis shows how the activity of individuishkrs has changed since the introduction
of ITQs.

The second approach developed in this thesis useelimg and computer simulation.
Chapter 4 describes a fleet dynamic model develéqethis study. The fleet dynamic model
is designed as an agent based model of short tehavibur. Quota owners select fishing
activities among the métiers defined in chapten® laase in or lease out quota to match their
catch expectation to their quota entitlement. Thetfdynamics is integrated into the existing
biological operating model (Punt and Kennedy, 199Nhe dynamics of the fishing fleet is
affected by the lobster dynamics which is itsefeeted by the response of the fleet in a



“feedback” loop at the monthly level. Thus, choicéjuota owners/fishers impact, and are
impacted by, the lobster stock. The model is thesduto investigate the potential effects that
different quota trade limitations would have hadtbe fishery, as compared to the observed

changes following the introduction of ITQs.

Using the bio-economic model developed in chaptehépter 5 explores the possible future
of the fishery taking into account environmentatl @tonomic perturbations. The future of
the fishery is highly uncertain as impacts of cliemahange on the Tasmanian rock lobster
population have already been identified (Pecl et 2009). The potential response of the
fishery to climate change impacts and to changtheriobster market are examined, and the
importance of including dynamic responses of fighiinms, in terms of fishing activity and

guota trading is assessed in this evaluation.

Finally, chapter 6 summarizes the results obtainethe study. The findings are put in the
broader perspectives of ITQ management and futesearch avenues flowing from the
results presented in this thesis are identified.
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Abstract:

Individual transferable quotas (ITQ) were implensehin the Tasmanian red rock lobster
fishery in 1998 and ten years later we assesseiuntbects on the fishery. Particular attention
was devoted to investigating the performances effithery with regard to three features
identified as major impacts in the literature: oatlization of the fishing fleet, change in
fishing strategy in order to maximise the fishgsfit and concentration of fishing rights and
activity. On average, the fishery reacted as eqggeeind reached its objective in terms of
reconstruction of the biomass, but the overall sssent in terms of resulting profitability is
not very conclusive. There is no evidence of demeaaf the profitability over the period of
the study but the fishery is more reactive to exdkfactors on its export market in China than

to changes in its own structure.



1 Introduction

The state of worldwide fisheries is alarming withiftof global fish stocks reported as fully
exploited and a further quarter as either overatgaoor depleted (FAO, 2007), reducing the
long-term economic benefits derived from fishingaf®, 2006, Hilborn, 2007). There is
growing international consensus on the central oblthe “race for fish” in the development
of excess harvesting. The common-pool status ofn@mdish stocks leads to the existence of
reciprocal negative externalities between fishipgrators (Hardin, 1968). These externalities
entail a divergence between individually and sdgcigptimal choices, and the development of
excess fishing capacity. Fishers tend to inveshame powerful and efficient fishing gear and
techniques in order to stay in the race, leadingamnomic inefficiency, conflicts and social
disruption, and in many cases to the depletionigif §tocks beyond safe biological limits
(Thébaud et al., 2006a).

These difficulties are not new and have led to diegelopment of fisheries management
policies which can be broadly classified, accordingheir purpose, in two complementary
sets of regulations (Troadec and Boncoeur, 2003)mgasures aimed at the resource
conservation, and (i) measures aimed at reguldhiagaccess to resources. To a large extent,
fisheries management worldwide has rested excllysose the first category of measures, at
least initially. Although such regulations have y&d indispensable, their effectiveness has
been limited by the fact that they do not tackle #conomic and institutional roots of excess
capacity. Economic difficulties and conflicts hatveis continued to develop, and resources
are degraded despite the existence of conservatessures. In addition, the tense social
climate resulting from excess capacity situatioas loften led to pressure being put on
decision-makers to water-down conservation objestithemselves. Hence, many fisheries
which have been conventionally managed for decadaesinue to show poor performances
(Hilborn et al., 2003).

As stressed in the latest report on the statusooldwide fisheries published by the Food and
Agriculture Organization of the United Nations (FA@007), there is growing recognition
that the allocation of access rights to fisheried fish resources is at the heart of sustainable
fisheries management. Boncoeur et al. (2006) pexpasset of tools to regulate the individual
access to fish stocks, including the use of ingerbased approaches resting on the definition
of individual fishing rights (Grafton, 1996, Clark006, Hilborn, 2007). In particular,



implementing individual transferable quotas (IT@ktlbeen proposed as a regulation measure
which can produce the incentives required for fisheo harvest fish stocks sustainably
(Arnason, 1990). Moloney and Pearse (1979) exyilzan fishers are expected to maximize
profits within ITQ constraints, usually defined skares of a given total allowable catch
(TAC). The transferability of fishing rights woullkad the most efficient fishers to buy
additional quota shares from the least profitaldkifg firms, thus reducing fishing capacity

and improving the economic efficiency of fleetsdfkl 2006, Copes, 1986, McCay, 1995).

Such a rationalization process may take severaby@dgpending on alternative opportunities
for vessels and crews (Campbell et al., 2000, Gmaft1t996) and on the degree of
transferability of quotas (Dewees, 1998), but ixpected to improve the overall profitability
of fisheries, and to reduce conflicts due to exagsacity. Increased profitability can also
result from improvement in the market value of fishded. A better market value and hence
a higher ex-vessel price received by fisher foirtbatch can be achieved in different ways,
e.g. fish quality improvement by i) the use of ldasnaging fishing gears (as expected for the
Baltic Sea herring fishery in Kulmala et al., 200)on-board processing, and iii) the value
of the catch can also be increased through pfi¢shing occurs in seasons with high prices
or if fishers can target fish categories fetchimghkr prices, see Annala (1996) for examples

of fisheries implementing on-board processing dmhging fishing seasons to fit the market.

A number of potential problems arising from the iempentation of ITQ schemes have also
been highlighted; see Copes (1986) for a compréretist of drawbacks of ITQ systems.
Some of these difficulties relate to output-basedtls. In particular, given individual catch
constraints, fishers may choose to discard theVaksble fish caught, in order to save their
quota for more valuable fish (so-called high-graglirthus leading to increased catches and
fishing mortality for given levels of landings. lindetected by catch monitoring systems,
high-grading may lead to “data fouling”, which imrns leads to less reliable stock
assessments and setting of TAC at unsustainal#si@@opes, 1986). Other difficulties relate
to the social implications of the changes in figg®entailed by the adoption of ITQs, both in
terms of reductions in employment (Copes, 1986, 8§c@995), and concentration of quota
ownership. The latter have often led to the adoptd measures aimed at limiting the
aggregation of quota shares (Dewees, 1998). A kmgtipn which has also been largely
debated in various contexts concerns the initildcation of quota shares; see Arnasson

(2002) for an overview of the different allocatisystems worldwide.



The fishery investigated in this paper is the Tasarared rock lobster fishery (Australia).
The fishing fleet is composed of more than 200 edsssargeting rock lobsterJdsus
edwardsi) in the State coastal waters (figure 1I-1) durihg official fishing year from March

to February with a seasonal closure in Octoberdtept males during moulting and a ban on
retaining female during the reproduction periodrfrbay to September. Lobsters returned to
the water after capture are considered to sunheefishing process. The fishery currently
generates a gross revenue of about AUD 60 millibriirat sale (ABARE, 2008). The
employment related to the rock lobster industry@smania was estimated at 1350 jobs in the
early 2000s (Haddon and Gardner, 2008). The TAQ5&3 tonnes in 2008, is caught with
baited traps. Most rock lobster caught in Tasm@nexported overseas (approximately 74%
according to Bradshaw, 2004) especially to the {Brenese market where the fishery is a
‘price-taker’, sensitive to Chinese prices. To rhatbhe Chinese market prices, processors
practice split prices in the fishery with rock ltdrscategories depending essentially of two
factors, size and colour. Those two factors arsedjolinked to the spatial distribution of
effort based on two dimensions, the depth fishatlitae latitude. Red lobsters are caught in
shallow waters (less than 40m depth) whereas Iabstaught in deeper waters are
‘strawberry’ to whitish in colour. The growth radé lobster is highly variable spatially with a
positive growth gradient from the southern to tletimern regions of the state (Punt et al.,
1997). The difference in growth results in a sizg&dgent with small lobsters in the south and
bigger lobsters in the north. Due to the differeimcgrowth rates eight areas are modelled and
assessed separately despite a statewide managéigént Winter prices are also higher due
to a decline of international supply of southermkrdobster (mostly Australia and New
Zealand, Annala, 1996).

Tasmanian rock lobster has been exploited for ntfome@ two hundred years and was first
managed in 1889 with the “Fisheries Act” followirg decline in lobster abundance
(Winstanley, 1973). Until 1967, only technical censtion measures were implemented,
including gear restrictions, minimum landing sizgasonal closure, and a ban on the
harvesting of egg-bearing females. The sustairtphili the stock remained questionable
under those measures which did not prevent a aanis increase of fishing effort. In an

attempt to curb this effort, input restrictions wemplemented from the late 1960s onwards,
which capped the number of fishing licences andhtimaber of traps used (Bradshaw, 2004).
Despite these input controls, catch and catch redesinued to decline in the fishery to a
historically low level in 1994, and in 1996 thehiisg industry voted in favour of an ITQ



management system for the Tasmanian rock lobsteerfy, after several years of debate
involving the industry, scientists and managerse ThQ system was implemented in 1998
and the initial allocation was a particularly sénsi and strongly debated issue (see Ford and
Nicol, 2001 for details). The final allocation wpamarily based on trap ownership, with a
minor share of the quota allocation based on daistory in such a way that, during the first
three years of the ITQ implementation, catch hyseecounted for 9%, 5% and 2% of the
TAC. Individual catch history was set as the sunth& best three years from the period
November 1988 to October 1997 (Ford and Nicol, 200ke 10 507 quota units are currently
worth 145 kg each. To limit aggregation of fishinghts, a 200 quota unit limit per quota
owner was implemented (Anon, 2006).
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Figure 11-1 Location of the Tasmanian rock lobsterfishery and the assessment areas

Based on a literature review, we identified the kffgcts expected from the implementation
of ITQs in a fishery displaying excess capacityaiagt which to confront the experience of



the Tasmanian rock lobster fishery. We classifiedsé expected effects in three broad
categories:

* Fleet rationalization following introduction of ITQs, less efficient sgels are expected to
leave the fishery, leading to a decrease in ovedts of harvesting and to an increase in the
economic efficiency of the fleet. Associated soaainsequences relate in particular to
potential reductions in employment in the fishefyr (examples of rationalization Annala,
1996, Arnason, 1996, Arnason, 2002, Arnason, 2G0&fton, 1996);

« Changes in harvesting strategigbese relate to the fact that fishers will selgét the
best value out of their individual allocation, antay entail high-grading, and selection of
areas, zones and fish targeted in order to lantheatat the highest possible prices (Annala,
1996, Arnason, 2002, Campbell et al., 2000);

« Concentration of landings and quota ownershighas been observed in various contexts
where ITQs have been adopted, and is seen as a sogjal effect of such systems (Annala,
1979, Brandt, 2005, Eythorsson, 1996).

The objective of this paper is to examine the inpaaf the adoption of ITQs in the
Tasmanian fishery for rock lobstelagus edwardsiithat have operated since 1998. Despite a
growing number of papers describing the effectl&)g all over the world, fairly few studies
have analysed the retrospective economic impadiseoitroduction of ITQs. Apart from the
analysis of the halibut fishery in British Columliog Casey et al. (1995), we are not aware of
any similar analysis of the economic effects of $TiQ a fishery. We present a retrospective
analysis of the effects of the adoption of ITQ$eméng to the main expected effects of ITQ
systems as they have been proposed and discusthetliterature: i) the rationalization of the
fleet, ii) the change in fishing strategy and iifje concentration of activity and quota
ownership. Descriptive statistics for key variablesre produced, as well as simple indices
calculated to measure changes in the status disiieg fleet. Variables considered include

vessel numbers and characteristics, fishing efi@ngings and sale prices.



2 Materials and methods

2.1 Data

211 Vessel data

Information on fishing vessels was compiled fromvesal databases. First, vessel

characteristics since 2000 were collected from dambase of the Department of Primary
Industries, Park, Water and Environment (DPIPWERiclw manages Tasmanian natural
resources. These characteristics include lengtimaige, construction type and the home port
of the vessels. The second source of data was Manml Safety Tasmania (MAST), a

statutory authority responsible for the operatioeafety of recreational and commercial

vessels of Tasmania. The MAST database includeatnrdtion on length, gross tonnage,

construction year and horsepower for 2007. Inforomabn vessel characteristics was used for
1997 and beyond.

2.1.2 Catch-and-effort data

The catch and-effort data analysed in this papee w&tracted from the DPIPWE database,
which consists of compulsory logbook data recordaily by fishers since 1993. In addition

to catch—and-effort data, various spatial and teelhrdetails concerning fishing trips are

recorded in the database. The catch- and-effort teries were completed with monthly
aggregated historical data available for the pet®@0-1992.

2.1.3 Price data

The monthly ex-vessel price of rock lobster wasivéer from processor records, also
collected by DPIPWE. Individual processors musbinf the Department of the average
monthly price at which they bought rock lobsternfrdishers and of the amount of lobster
bought per month. The monthly price of rock lobstes thus calculated as the average price
paid by individual processors weighted by the giiastof red rock lobster bought. Nominal
prices (i.e. non-deflated) were used for the paicalysis, while the Australian consumer price
index was used to deflate the total value of tehadry using 2006 as reference year (source:

Reserve Bank of Australidattp://www.rba.gov.al




2.2 Retrospective analysis

The retrospective analysis was carried out withaine to assess the changes observed in the
fishery with respect to the three broad categooiesffects, namely, rationalization of the
fleet, change in fishing strategies and concemwinatif activity and fishing rights. Analyses
are based on the compilation of the different data describing the evolution of the status of

the fishery over the last decade following impletaéon of the scheme.

2.2.1 Analysis of the fleet

The evolution of the fleet in terms of total numlz@rd composition was assessed through
simple analysis of vessel characteristics. Lengith ®onnage were the only characteristics
included in the analysis because of the qualityhef coverage of the data, respectively 100

and 95% of vessels covered.

2.2.2 Changes in fishing strategies

Several factors affect the profit of the fisherye toperating costs, the fixed costs and the
revenue generated from fishing. While fishers cardly influence their fixed costs, they can
seek profit maximization by decreasing their opegatosts, depending on costs per unit of
effort and effort, and increasing the revenue fifghing, which mostly depends on the price
they received for their landings, given that theoant of rock lobster landed is fixed by their
guota shares. Unfortunately, data were not aval&i costs which could not be included in
the analysis of the evolution of fishing strategidswever, we did examine extensive time
series and evolution of revenue through catch aimmk.pChanges in fishing strategy were
expected to occur with fishers seeking to maxinteereturn from their quota allocation due
to the existence of market categories fetchingedsffit prices (Frusher et al., 2003, Bradshaw,
2004). The market categories of a rock lobster dems several factors including (i) physical
condition, (ii) colour and (iii) weight resulting i‘split” prices, with “premium” lobsters with

a rigid shell (i.e. not soft due to recent mouljingompletely red in colour and weighing
between 0.8 and 2 kg, receiving up to AUD 10 mareky (C. Gardner, pers comm.). These
characteristics are affected by spatial and tenhpar@meters, i.e. latitude, depth and season.
To investigate potential changes in effort allomatrelated to premium prices, we compared

the proportion of effort in the high-prices catager (premium size, shallow waters and



winter) for periods of 5 years before (1993-199)l after (2002-2006) introduction of the
ITQ system.

Specific attention was devoted to rock lobster egsel price, with the aim to assess whether
sale prices for rock lobster had improved after ititeoduction of ITQs. The analysis was
carried out using the Hodrick-Prescott (Hodrick d@Prscott, 1997) filter. This is used to
identify long-term trends in time series by decosipg a time serieg as the sum of a trend
component; and a cyclical component y; = 7 + ¢;. The filter finds they that minimizes the
following expression over the time series of length

T T-1
min, (El()’t ~1,)+A EZ [(Tt+1_rt e -74) 2)

Two terms are identified in this expression. Thstfterm constrains the cyclical component
and the second constrains the trend componentpditaenetei influences the strength of the
penalty on the trend component. The lower the 8tep between observations, the higher

in order to smoothen out the series. The data sedlin this paper are available at a monthly
time step; the value for theparameter used in the analysis is that recommebgétbdrick
and Prescott (1997) for monthly data, i.e. 14 400.

2.2.3 Evolution of activity and ownership concentraon

The evolution of concentrations of activity andhfigy rights in the fishery was explored
through methods commonly used in economics to nmeaseaquity of wealth distribution, the
Lorenz curve and the Gini index (Lorenz, 1905, G18i21).

3 Results: the effects of adopting ITQs on the fish  ery

The introduction of ITQs in 1998 involved the sedgtiof a TAC which had not previously
been implemented. The initial TAC was set at 150@tich was lower than the pre-ITQ
catch. In 2002, the TAC was raised to 1523 t (Hadalod Gardner, 2008).

Prior to the introduction of ITQs, total effort agdtch increased mainly as a result of fishers
building catch history, while discussions went @yarding the implementation of the

scheme. This is supported by the reduction of eiffothe summer (November to February) of



1997, five months prior to the introduction of ttpgota management scheme, which was not

taken into account in the definition of catch higto

Fishing effort continued to decrease after theoohiction of quotas, in the absence of further
regulations on the input side (figure II-2). Follogy adoption of the TAC, and the capping of
catch at a constant level, the stock has beenldatgi This has contributed to an increase in
average catch rates (figure 11-2), as in 2006/2fihers used 20% less trap-lifts to catch the
TAC than in 1998/1999 (Haddon and Gardner, 2008).
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Figure 11-2 Annual trend in effort, catch and catch rates in Tasmanian red rock lobster fishery.

3.1 Changes in the fishing fleet

3.1.1 Rationalization of the fleet

As expected, the size of the fishing fleet was ceduby 25%, from 325 to 242 vessels, in the
first three years of quota-based management (tkl)e It then stabilized around 240 vessels
until 2004 before a further decline, with the latestimate of the fleet size being 214 vessels
in 2006. The number of traps used by fishers isiledgd and the amount of traps allowed



onboard varies from 15 to 50, depending on the amk gross tonnage of the vessel (Anon,

2006).

Table 11I-1 Number of fishing vessels per length cks
Length class 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

<10m 39 28 18 12 10 10 10 9 8 6

10-18 m 271 244 225 217 214 208 207 202 199 193

>18m 15 15 12 13 15 17 17 21 18 15

total 325 287 255 242 239 235 234 232 225 214
3.1.2 Characteristics of the vessels

The size composition of the fleet did change over years, as expected. Most vessels
measure between 10 and 18 m in length (table MWith the number of vessels in this fleet
segment rising from 83% of the total fleet in 198/0% in 2000. Most of the vessels less
than 10-m long left the fishery in the first thrgears of quota: from the 39 vessels catching
rock lobster in 1997 only a third remained in 2008e number of the bigger vessels (>18 m)
in the fleet remained the same, with 15 vesse®06 as in 1997 and even increased up to 21
in 2004. The evolution of the structure of the flean also be considered in terms of
contribution of size classes to the capacity of fthet (gross tonnage), which was reduced
more strongly for the small vessels as shown itetd2.While most of the fleet’'s capacity
has been composed of vessels between 10 and 18 mem@ained consistent at around 80%
of the fleet capacity, the proportion of capacity bigger vessels has varied, from 13% of
fleet’s total tonnage in 1997 to 20% in 2004 an#olif 2006 (table 11-2).

Table 11-2 Contribution of length class to the totd physical capacity of the fleet as percentage ofass

tonnage
Lengthclass 1997 1998 1999 2000 2001 2002 2003 420005 2006
<10m 3 3 2 2 1 1 1 1 1 1
10-18 m 84 81 85 84 83 83 83 79 82 83
>18m 13 16 13 14 16 16 16 20 17 16

This evolution of the size distribution of vessetsild be related to the development of winter
fishing for the Asian market in the early 1990s,ickhhled to the construction of bigger

vessels, more suitable for rougher winter and weast seas. It is also likely that the carrying



limit of traps on board influenced this distributidndeed, only vessels longer than 18 m and
bigger than 30 t are allowed to carry the maximdraQotraps.

3.2 Changes in fishing strategy

3.2.1 Seasonal distribution of fishing activity

Like all crustaceans, red rock lobsters exhibitcaiiginuous growth in size by periodic
moulting. During the first stages of moulting, whire carapace is extremely soft, lobsters
remain in dens and do not feed. The combined stéssoulting and fasting lowers the
condition of the rock lobsters. The end of the rtinglperiod in November was historically
the beginning of the fishing season: once the exesdn begins to harden, rock lobsters are
highly catchable as they attempt to replenish tfuaid reserves. However, those rock lobsters
are in poor physical condition, and processorésn reluctant to purchase them because of
the large mortality rates suffered during shipnterthe Asian market. Softer lobsters are thus
normally retailed on the domestic market at lowgcgs.

The proportion of fishing effort allocated to thénter season increased after the introduction
of ITQs from a median value of 39 to 46% of effalibcated to winter months (figure II-3).
Fishers’ response to the new regulation was exisefast, and it may have been facilitated
by the change which occurred in the regulatory slatethe management year. Managers
decided to set the official fishing season from dhato February and opened fishing in
September (but kept the seasonal closure in Ocfobéhe moult), instead of the traditional
fishing season from November to August to encoufesipng in winter (April to September)
when prices are high. Indeed, keeping quota foteriwould have been risky, as catch rates
are lower and weather conditions can prevent fsshem going out to sea. With the current
fishing season starting in March, fishers can pleair fishing calendar without fear of having
a portion of their quota uncaught at the end of 4dbason. The variability of the seasonal
fishing allocation is relatively high due to thectahat fishers are opportunistic and can
change their fishing plans depending on weatheditions or if winter prices are not as high
as expected (this happened during the severe aespeatory syndrome (SARS) outbreak.
Despite a high variability in the proportion of wen allocation, it should be noted that there is

no overlap of the error bars between the beforeadtied periods (figure II-3).



3.2.2 Fishing depth

The colour of rock lobster depends on the depiitsdiabitat. In shallow waters (less than 40
m) the rock lobster is uniformly bright red. In dep greater than 40 m, rock lobsters become
paler and their appearance is speckled. Followntgpduction of individual quotas, the
proportion of fishing effort in shallow waters testtito increase, most probably due to a
targeting of these premium rock lobsters (figur8)ll before 1998, around 70% of trap-lifts
were made in shallow waters and this proportiomeased to 80% in the 2002-2006 period.
This change in effort allocation to shallow watafso allowed reduction in steaming time,

and therefore fuel costs.
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Figure 11-3 Proportion of effort resulting in catch of red rock lobster of premium depth, season andze.
The height noted above the bars represents the medt, and the whiskers the min and max non-outlier
values. Before and after periods are respectively993-1997 and 2002- 2006.

3.23 Lobster size

The fishing strategy regarding the size of targeted lobsters was calculated as the average
lobster size per trip (total weight of lobster caudivided by their number). Before 1998, the
proportion of trips with average lobster size i toremium size range (0.8 to 2 kg) was

slightly above 55%, while the proportion of tripsthvpremium average size has grown to



around 67% of total effort since 1998 (figure II-3)hree factors might have led to the
increase of average size of lobsters, (i) a lackméller lobsters in the north of the state,
where fishers and scientists have observed a @erlitobster recruits in the past few years
(Haddon and Gardner, 2008); (ii) animals left ie tlwater growing further, increasing the
proportion of big lobsters in the water resultimgnh the rebuilding of the stock, and (iii)

fishers targeting specific sizes. It is likely thall these factors combined are partly
responsible for the increase in premium size inlémelings. However, no trend could be
identified in the average size of lobster in ea@nagement area (figure 1l-1), suggesting that
the targeting of specific size classes is probdbé& main factor affecting average size in

landings.

Contrary to expectations, there was no clear egielé¢hat high-grading has increased in the
rock lobster fishery after the introduction of mdiual quotas, and discards have been
assumed to have remained constant over the périod.was checked against the new data
system whereby fishers record the number of lobgtet back in the water, and very little
discard was recorded. The only high-grading thatuc is the discarding of big lobsters
(more than 2 kg) because the beach price of thasstdr is much lower than for any other
size category, and this only occurred since 200#enmhe cost of leasing quota increased
over AUD 20 per kg. However, discarding has nevarban issue in this fishery because
lobsters are released alive in the water causingrneery little mortality. Fishers can also
target particular sizes by setting their pots #edent latitudes (there is a south-north positive

growth gradient in the Tasmanian rock lobster patooh).

3.24 Consequences on ex-vessel prices and grossrres

Most Tasmanian rock lobster is exported to the Wéilze lobster market (Bradshaw, 2004).
The beach price of rock lobster is therefore highijuenced by the Chinese market and
exchange rates. The trend line computed with theridlo-Prescott filter applied to the
nominal ex-vessel prices (figure 1I-4) shows anréase in lobster price in the early 1990s
corresponding to the development of exports of Trmemanian rock lobster to Asian markets.
The decline observed in 2003 is due to the SARSodgi in Asia which affected tourism and,
as a result, decreased the demand for high-val pooducts on Asian markets (Hacourt,
2003).
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Figure 11-4 Hodrick-Prescott filter of monthly ex-v essel prices of Tasmanian red rock lobster.

Because of this incident, it is difficult to cleaitdentify at the scale of the study period the
long-term effect of ITQs on beach price for lobstethich could be expected from the
changes in the composition of landings. Howevertha first few years following the
introduction of ITQs, the trend price increasedrfraround AUD 34 per kg (1995-1997) to
more than AUD 40 per kg in 2002 in nominal (nonkakefd) terms. The exchange rate with
Hong-Kong is certainly the most important factofluencing the average ex-vessel prices,
even though there is some inconsistency at theoétite time series (figure II-5). The price
trend followed the exchange rate as a mirror imageept for the few years after the SARS
crisis (2005-2007); during these years, lobsterepdontinued growing despite an increasing

exchange rate (figure II-5).

The seasonal redistribution of effort explains sting change observed in the intra-annual
price variability for lobster, shown by the cycligattern (figure II-6). The variability of ex-
vessel prices (i.e. the difference between the @maximum and minimum price) decreased
from around AUD 30 before 1998 to less than AUDa#@r 1998. Overall, and excluding the
SARS episode, winter prices are not as high asréef® introduction of ITQs, and summer
prices are not as low either and the intra-annugdepvariability has been significantly
reduced (figure 1I-6). Higher summer prices arebpiuy related to a decrease in soft-shell

landings in November.
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Figure 11-5 Exchange rate and Hodrick Prescott prie trend.
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Figure 11-6 Variability of price cycle.

The consequences of the price variation in ternteetotal value of rock lobster catch can be
estimated on the basis of the product of the mgnthtch and the average monthly beach
price (figure II-7). To analyse the evolution oéthalue of lobster catch, we consider deflated
prices and correct gross value by the Australiamsaomer price index (CPI) relative to 2006
(CPhoos= 1). The TAC, set in 1998, was below the pre-lddch and resulted in a decline in
the total value of the fishery in 1998 and 1999e Térge increase in nominal value of the
catch in the following years (2000-2002) is a resifilan advantageous exchange rate (figure
[I-5). The drop observed for the following yearsided from the decrease in the price of

lobster due to SARS as the quantity landed didchahge. However, the last increase in total



value (2005-2006 on figure 1I-7) cannot be expldibg the exchange rate (figure 1I-5), as the
increasing exchange rate would have had the ogpefct. The individual quality of rock
lobsters is most likely to be the cause of thedargrease in gross value product for the
period 2005-2006. The deflated gross value of igteefy in 2006 is around the same level as
at the introduction of ITQ in 1998 despite the SA&Sident (figure 11-7).
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Figure 11-7 Evolution of the total nominal and deflated value of Tasmanian red rock lobster catch.

3.3 Concentration of rights and activity.

Concentration of quota was not regarded as a pakessue in the Tasmanian rock lobster
fishery because the aggregation limit per quotaeswvas set relatively low (2% of the TAC,

Anon, 2006). This is confirmed when looking at tomcentration profile of ownership (

figure 11-8a). As expected from the theory, thetsition of quota shares in the fishery was
less equitable in 2006 than the initial allocation 1998 but the Gini index, which is
commonly used as a measure of the inequity ofikdigton (Gini, 1921), remained at a fairly
low level (0.36 in 2006). The extremely low levéltbe Gini index at initial allocation (0.20)
proves that the extensive debate prior to impleatent of the management scheme led to an

equitable repartition of fishing rights amongstustty participants. It should be noted than



the number of owners is almost the same in 2006 4998 (respectively 292 and 291) and

that the number of quota owners remained stabletbeegperiod.

The concentration of activity, however, has notngeal. Despite a major decrease of the
number of vessels in the fishery, the catch (aretefore the TAC) has been distributed
evenly amongst the remaining operators and theiltliton of activity has been maintained
at a relatively constant level (Figure 11-8b); thias also assessed by looking at the evolution
of Gini indices. Catch distribution exhibit low Gimdex (around 0.35), suggesting a rather
homogeneous distribution of catch in the fisherg.ddange can be identified in the evolution
of the index, the concentration of catches havippasently remained stable as the
overlapping curves on Figure [I-8b suggest. We @¢dwdve expected a distribution of effort
‘flatter’ after 1998 as the less active vesselsanexpected to have left the fishery but it seems
that there were still fishers with low catches @pi@g in the Tasmanian rock lobster fishery
in 2006.
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Figure 11-8 Concentration profiles of (a) quota owrership and (b) catch by vessel.

4  Discussion — Conclusion

The studies and debates over ITQs are still digidioientists, and the management system
once presented as the ideal management tool ftaisable fisheries is now considered as a
very efficient scheme under certain given condgio@rafton and Mcllgorm (2009) defined a
formal framework for ex-ante evaluation of a fishéefore introduction of ITQs, based on

five criteria to ensure that the conditions fouaessful ITQ system were satisfied.



The Tasmanian rock lobster fishery would have phfise five criteria they proposed. Firstly,
the gross value of production (GVP) was twenty sintegher than the AUD 2 million
threshold they chose which could support the aultéii costs related to management.
Secondly, the rock lobster fishery is a single-sgedishery with very little by-catch,
satisfying the targeting ability required. Thirdlhe number of vessels in the fishery was
relatively small (just over 340 in 1993) but higoegh to allow competition in quota trading.
Fourthly, there is the ability to get premium prottu through seasonal and spatial
redistribution of effort as discussed extensivalyhis paper and, finally, the variability of the
stock recruitment relationship is rather low relatio harvest-effort relationship (Haddon and
Gardner, 2008). As a result, the Tasmanian rockiéldishery would have been considered a
very good candidate for ITQs as are most fishesigls high-value products (Mcllgorm and
Tsamenyl, 2000).

ITQ was introduced in the Tasmanian rock lobstendry as an attempt to limit the pressure
on the stock and stop the decline in biomass. Atiogrto the 2008 fishery assessment report
(Haddon and Gardner, 2008), the management sysasninden successful, with exploitable
biomass doubling since historical low record in 49%he expected impacts on the fishery
identified in the literature were largely obseniadthe Tasmanian rock lobster fishery, and
fishers mostly behaved as anticipated by the masagbe decrease of the fleet capacity and
of fishing effort relieved the pressure on the kfachich rebuilt over the period. The decrease
of effort should be related to operating costs aven though the time series of costs was not
available, the decrease of fishing effort by 30%ween 1997 and 2006 can be compared to
the 28% increase of CPI over the same period, wtéchbe taken as a proxy for operating
costs. The number of vessels operating in the rfistlecreased dramatically by 25% during
the first three years of quota and further untd tturrent size, slightly over 200 vessels, i.e.
60% of the initial fleet. The fishing vessels wenestly made out of timber and sold as
leisure sailing boats because most valuable fisearound Tasmania had been locked down
with a similar limited-entry scheme by the time §@ere implemented for rock lobster
(Frusher et al., 2003). The total fixed costs effishery are positively related with the size of
the fishing fleet. Although mostly smaller vesskdft the fishery, it can be assumed that,
given the large amount of vessels leaving, at wahee total fixed costs of the fishery

remained stable and they might even have decresdigétly.

The overall assessment of the fishery in termgaofitds not very conclusive. The total profit

of the fishery is likely to have remained stableimthe period when taking the inflation into



account, but owner-operators are probably bettebefause fewer of them are sharing this
profit. As Frusher et al. (2003) observed by intmming fishers in the industry, the situation
of leasers is more complex because the profitaa $hared between the owner of the quota
share and the fisher through leasing price. Fishax® adapted their fishing behaviour to
maximize the return per kg of rock lobster. Thelysia of the data confirms what Frusher et
al. (2003) had identified as emerging behaviounough interviews. Fishers chose to
reallocate their effort, both spatially and tempigratowards more valuable lobsters for
export to Asia. This new fishing strategy has hadiract effect on the gross value of the
fishery which, despite the SARS accident, has lggewing against the exchange rate for last
few years of the period studied.

While the Tasmanian rock lobster industry is smikfby the ITQ system (Treloggen,
Tasmanian Rock Lobster Fishermen’s Association’scetive officer, pers. comm.), the
change in fisher's behaviour brought about by th@ kystem has focused attention on the
need for improved spatial management of the fishergnsure productivity from optimal

harvest regions.

The implementation of an ITQ system has had anativpositive impact in the Tasmanian
rock lobster fishery. However, given how well ittished the required conditions stated in
Grafton and Mcllgorm (2009), the results can bepiminting. The global trend in fisheries
management still focuses towards right-based mamexge which is currently being

intensively discussed in the European Union asréutommon policy. The lessons learned
from the Tasmanian case study show that, evereiffifihery behaves in an expected way,

unexpected external perturbations can greatly injp@cperformances of such a system.
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Abstract:

The effects of individual transferable quotas (IT@ave been widely studied in fisheries.
However, little has been done on identifying th@acts of ITQs on individual fishers. In this
study, we investigate the response of the Tasmaroak lobster fishing fleet to the
introduction of ITQs in 1998 in term of structudanges and in terms of fishing behaviour.
We use vessel characteristics to examine the egnlatf the fishing fleet and describe the
profiles of vessels leaving, staying or entering tishery. We define a typology of fishing
activities at the trip and annual levels, and s tb investigate individual fishing strategies

and their evolution since the implementation of $TQ

The movement of vessels was primarily related w@rtphysical characteristics and their
region of origin. Vessels holding the maximum numbegtraps entered the fishery while
smaller, old, wooden vessels left. The responsas\aried regionally with vessels based in
regions further from the major fishing grounds legvthe fishery. The change in temporal
and spatial fishing patterns at the fleet levelultesl from two distinct effects. Fishers
changed their fishing practices and fished moreinter and shallow waters to obtain higher
prices per kilogram of lobster. However, very ditthange could be seen in the large scale
spatial distribution of individual effort of fish&ras fishers remained strongly dependent on
their traditional fishing areas, closer to theinfesport.



1 Introduction

The Tasmanian rock lobster fishery has been managgdindividual transferable quotas
(ITQs) since 1998 when they were chosen after yehdebate because, unlike alternative
management measures, they were expected to leihe t@tionalization of the fishing fleet
while an appropriate total allowable catch (TAC)ulb rebuild the lobster stock (Ford,
2001b). The theory on which ITQs are based predlesdeparture of the least efficient
fishers by selling or leasing their quota to morficient fishers, resulting in the
rationalization of the fishing fleet (Campbell ét 2000). In addition, the fishers staying in
the fishery would shift their effort towards moralwable products, as the allocation of catch
quotas removed the “race to fish” and provided tgreeertainty for individual fishers. The
value of a unit of fish could be increased by fighwhen prices are high (e.g. winter fishing
for rock lobster in New Zealand, Annala, 1996),tamgeting market categories with higher
value and commercialising the product in more Valleidorms (e.g. fresh halibut in British
Columbia, Casey et al., 1995, live fish in New Asal, Annala, 1996, and herring for human
consumption in Norway, Kulmala et al., 2007). Teans after the introduction of ITQs in the
Tasmanian rock lobster fishery, the overall impdwse been assessed and compared with
the expected effects (chapter 2, Hamon et al., 2868 the Tasmanian rock lobster fishery
was found to behaved largely as expected. The fieetdecreased by about 25% within the
first three years of the new management systemeffioet towards lobster market categories
and seasons with higher beach price increasedmamal concentration of quota ownership

was observed due to strict limitation on quota aggtion.

The aggregated effects of ITQs on fisheries hawen veidely studied worldwide (Arnason,
1996, Annala, 1996, Campbell et al., 2000), butpilesa growing recognition of fishers
behaviour being the main source of uncertaintyshdries (Wilen, 1979, Fulton et al., 2011,
Hilborn, 2007), little work has been done to studg changes induced by ITQs on a finer

scale, looking at the individual changes in fishilegts.

In this study, we investigate the response of et fle the introduction of ITQs at the vessel
level, using the Tasmanian rock lobster fisheryaasase study. The southern rock lobster
(Jasus edwardsiiis exploited in the coastal waters off Tasmawiastralia (figure IlI-1).
Except for a seasonal closure in October to proteates during moulting, the fishery
operates throughout the year and most lobstersslaipped alive to the Chinese market

(Haddon and Gardner, 2008). Although the fishergdis a single species, southern rock



lobster, it presents complex spatial and tempoadiens due to heterogeneity of the stock
and commercial fishing fleet. The Tasmanian roddster population is spatially structured in
terms of i) individual size, from small lobsterstire South to larger lobsters in the North, ii)
population density, with higher densities in deepaters in the South and West, and iii) shell
colour, with shallow water lobsters being brighd khile lobsters caught in deeper water are
“strawberry” or whitish (Bradshaw et al., 2000).€Tkize and colour of lobsters are highly
influential in determining the price fishers obtainthe Chinese market (Chandrapavan et al.,
2009). White coloured lobsters do not reach precedigh as red coloured lobsters because
culturally in China, the colour red is associatedhwuck, happiness and prosperity. In
addition to spatial discrepancies, the availabdityl quality of lobsters varies highly between
seasons within a year. A peak in catch rates igergbd after the male moult in November
(Austral spring). This is due to the entry of poasly undersized lobsters to the exploitable
biomass through growth, but also because lobstersotieat during the moulting process and
are therefore attracted to bait after moulting, andsequently, highly catchable in traps. In
contrast, winter fishing (May to September) displdgwer catch rates because the catch of
females is prohibited during this period as thegulrate eggs and catchability declines with
water temperature (Ziegler et al., 2002a, Ziegtaale 2002b). The fishing fleet also displays
spatial patterns. The western part of the statevhag little infrastructure and most fishers
come from their home ports in the south-east, aadtnorth of Tasmania. The East coast,
with better weather conditions and more residestitefis, has lower catch rates while the West

coast, subject to rougher weather conditions angdosteaming time has higher catch rates.

After the introduction of ITQs in the Tasmanian kdobster fishery, fishing was directed
toward higher value lobsters and to seasons wghenibeach price (chapter 2, Hamon et al.,
2009). The combination of these two changes createrkd fishing strategies observed at the
fishery level. Individual change of fishing strategand exit of fishers have been observed in
other fisheries during the transition between ifguiput control management to fishing right
based management and were linked to the econorficierty gains of such fisheries
(Brandt, 2007). A socio-economic study conducted 987, the year before the introduction
of ITQs, suggested that the Tasmanian rock lobstdustry would change under the
introduction of ITQs (Williamson et al.,, 1998). Thikeet would adapt to become more
economically efficient as big vessels would be ¢chdbr vessels with lower operating costs
and fishers would invest in vessels allowed to hb&lmaximum number of traps. The initial

allocation of quota was related to the number apgra fisher was allowed to use, depending



on the size of the vessel rather than on the Isidocatch. Fishers with high catches felt
disadvantaged and the socio-economic survey pestlittiat those fishers would have to

target more high-valued product or increase thelt by purchasing or leasing more quota.
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Figure 1l1-1 Location of the assessment areas in thTasmanian rock lobster fishery.

In this analysis, the evolution of the fishery mveéstigated through log-book data and other
official data containing vessel characteristics amtlvidual fishing activity to answer two
guestions: what type of fishers stayed in the figlamd how did the fishers that remained in
the fishery modify their activity in response te timtroduction of ITQs? This study relates to
Brandt’s (2007) as it examines the response afleefi to the introduction of ITQs in terms
of vessel exit and change in efficiency of the rigning fishers. In addition, the current study
investigates the characteristics of selection dfirex and staying fishers and explores how
fishers that stayed have changed their fishing \iebato achieve greater profitability. The
first part of this study examines the fishing fleebrder to identify the profile of vessels that
stayed or left the fishery. The second part of shedy is devoted to the definition and
description of a typology of fishing activities fihe Tasmanian rock lobster fishery at the trip
and annual levels. The last part considers howefssithanged their fishing activities and

verifies the extent to which changes in fishingigrais observed at the fleet level were due to



spatial and temporal changes in individual fishstigitegies of the fishers who stayed, or to
the exit of fishers traditionally operating in lgg®fitable fishing strategies.

2 Material and Methods

2.1 Data

The Tasmanian rock lobster catch and effort dasdyaad in this paper were extracted from
the Tasmanian Department of Primary Industrieskfalater and Environment (DPIPWE)
database, which consists of compulsory logbook datarded daily by fishers since 1993. In
order to identify fisher choices of fishing locatjdfishing activity is examined at the “trip”

level. Trips used in this study are defined asntomthly aggregation of fishing operations (1
trip = fishing operations of 1 month) for each \edsecause of the lack of information on the

duration of fishing trips.

In addition to catch and effort data, spatial agchhical details concerning fishing shots and
vessel characteristics are recorded in the databadieis study, a fishing shot corresponds to
the setting and hauling of a number of traps aedasually, all the traps onboard the vessel).
The depth, spatial location by quarter degree bluk number of lobster caught are recorded
for each shot. The total catch weight is estimdt@deach trip or unloading. The weight is
then divided by the number of lobsters caught dutime trip to estimate average weight.
Vessel characteristics include length, tonnagestroation material, age of the vessel and
home port. Unfortunately, it appeared that the hgo information defined in the database
is partly inaccurate because it is not updatedéf fisher changes home-port or when the
vessel is sold and used in another port. Sincespatial allocation of fishing is highly
dependent on the origin of fishers, “home regiohse been defined and fishing and
unloading data have been used to identify the begien of Tasmanian rock lobster vessels
for the 1993-2008 period (see details of the regimition in appendix A). The definition of
home regions for vessels from King Island, Flindistand and vessels coming from other
Australian States is difficult because fishers framterstate keep their vessels in King or
Flinders Islands during the fishing season (Willkam et al., 1998). For the purpose of this
analysis, vessels from King Island, Flinders Islamdl interstate have been grouped in the

“other states and Northern Islands” region.



Data on quota and vessel ownership is also collelbsyeDPIPWE. Unfortunately, the data
available did not allow the characterization ofiundual owners nor the exploration of the
dynamics of the fleet at the owner level becaus#agand vessel owners can be companies to
which no personal information is attached in theabase, and the name of the company can
be modified without changing the quota owner (esgveral companies changed from
individual ownership to family trust after the iotluction of ITQs). Quota owners could be
linked to vessels annually over the 1998-2008 pieoiat could not be followed over time due
to change in company names. Owners were charaaddbased on their quota holding and the

amount fished by their vessel annually (van Pugitah Gardner, 2010), as

1. investorsleasing all their quota to other fishers,

2. income supplementarishing only part of their quota and leasing tast out,
3. quota redistributorsleasing quota in and out,
4

lease dependent fishefsshing all their quota plus some additional quigased from

other owners, and

o

independent fishergishing exactly their quota and not involved e tquota market.

2.2 Definition and description of fishing activity

Numerical analyses have been used to describeothplexity of fisheries in terms of fishing
practises and their effects on fish stocks (Murawslal., 1983, Bertignac, 1992, Rogers and
Pikitch, 1992, Lewy and Vinther, 1994). Ordinatiand classification techniques have been
used to define groups of fishing practices with iEimcharacteristics, either combined
(Pelletier and Ferraris, 2000) or separately (elassification: Murawski et al., 1983, and
ordination: Biseau and Gondeaux, 1988). Groupsnddfiby fishing operations have been
called various names, including the term “métietiieln will be used in this study (Biseau
and Gondeaux, 1988). A method combining ordinatind classification was adapted from
Pelletier and Ferraris (2000) by separating Tasamamiaters into a number of fishing areas
and combining the management areas (figure 1) dégpths deeper or shallower than 70
meters. This resulted in defining 16 fishing grosin@he stock characteristics across the
fishing grounds covered size, abundance and caombinations in that size varied from
north to south, abundance varied from west-east labster colour varied from deep to
shallow. A principal component analysis (PCA) wasried out on a normalised matrix

describing the proportion of effort in each fishiggound (columns) per trip (rows).



Classification was performed after the PCA as difficult to interpret factorial analysis of
16 variables. Classification techniques aim to grmdividuals into clusters that are both well
separated and as homogeneous as possible withcrespehe observed variables. The
grouping of trips with similar geographical distition was achieved with a hierarchical
agglomerative cluster (HAC) on the 15 first PCAtéai@ls (out of the 16). Ward’s minimum
variance method (Ward, 1963) was used on Euclidkstances to group clusters. To the
authors knowledge, there is no optimal way of chapthe appropriate number of clusters. In
this analysis, the proportion of variance explaiveas used to determine the number of
clusters retained (Legendre and Legendre, 1998). nimber of groups was chosen as the
number for which the increase of variance explaipkadeaued (Ulrich and Andersen, 2004).
Due to computational limits, the typology was pemied on a sample of 7293 trips
corresponding to three years of data spread oeepéhiod of study: 1994, 1997 and 2000.
The clusters were then examined to ensure that com@ined less than 1% of trips. Clusters
with similar fishing grounds were pooled to fornsiagle métier. Finally, all the 34219 trips
undertaken by the Tasmanian rock lobster fleet tvermperiod 1993-2008 were allocated to
métiers by a set of simple rules based on the figlimg zone during the trip. The allocation
rules for each métier are defined in table VII-3ajppendix B. The results of this analysis
gave a classification of all fishing trips into feéifent métiers defined by the allocation of

fishing effort to the 16 fishing grounds during leagp.

In a similar way, annual fishing patterns were g$&dl and vessels who operated in the same
areas within a year were grouped. The classifinadiod description of fishing activity at the
annual level were based on the same analyticalodsthusing all 4239 observations defined
as vessel-years with full information on their aityi in the Tasmanian rock lobster fishery.
The resulting groups of vessels practicing simaletivities throughout the year will be called
“fishing strategies” in this study (Fall et al.,38). Fishing strategies were defined as the
combination of métiers that operated during a fighseason. A normalized PCA was
performed on the matrix defined as the percentdgectivity in each métier (columns) per
fishing-season (year) and per vessel (the vessel-gleservations as rows). A “no fishing”
métier was added to the métiers identified in ir& Btep of the analysis to account for the
time spent not fishing for rock lobster during th&hing season. Seasonal closures of the

fishery were excluded from the analysis.

The resulting métiers and fishing strategies wdraracterized with a set of indicators.

Métiers were described by spatial and seasonalitdisbn of effort, the intensity of the



fishing activity and the variability in the resultj catch. The spatial component of a métier
was described by the main fishing grounds. Theosedisy of métiers was compared to the
average seasonality of fishing to identify “abowerage” occurrences. Fishing intensity was
investigated through the number of days spentrfgsiper month. The resulting catch for each
métier was characterized by the average lobster sizd by the average catch rates in each

métier.

Annual fishing strategies were characterized withralex describing the flexibility of vessels

in changing métiers within a year, the proportibtime active in the fishery per year, and the
seasonality of the activity. The diversification wéssel activity in different métiers was
expected to be relatively high because métiers wlefamed as fishing locations using the
same fishing gears, so no investment was requoethange métiers. A seasonality index
based on Ulrich and Andersen (2004) was used tesssthe distribution of activity
throughout the year. It was computed as the maxinmumber of consecutive months
dedicated to one métier within a year. A high seakty index (around 6 or 7) for a vessel
indicates that one main métier is favoured throughioe year while a lower index, around 3
or 4, reflects a higher seasonal pattern in thesahanétiers and an index close to 1 reveals a

high variation in the activity and probably a mopportunistic behaviour.

The time evolution of métiers and fishing strategieere examined with linear models. For
each métier, the proportion of trips allocatedhe métier was calculated as the ratio of the
number of trips in the métiers over the total numdifetrips that year and the null hypothesis
“no temporal trend” was tested with classical lnesgression models. The same method was
used for fishing strategies with the annual praparbf active vessels operating following a
strategy, calculated as the ratio of the numbaregkels following the strategy over the total
number of active vessels that year. Proportionvpeeferred to absolute numbers because
the total effort input and the number of vessetssadn the fishery decreased over the period

of study (chapter 2, Hamon et al., 2009).

2.3  Dynamics of the fleet

Two perspectives of the fishery dynamics were itigated: the evolution of the entire
fishing fleet, and the evolution of fishing activibf the vessels that have remained active in

the fishery since the introduction of quota. Thesseds operating in the Tasmanian rock



lobster fishery have been divided into three grotips “exit vessels” that were present in the
fishery before 1997 and exited after 1997, the “mewers”, entering the fishery since 1997
and the “stay vessels” that have been active infifhery since before 1997 and were still
active after 2006 (with a possibility for temporanyerruptions of activity). The new-comers
include vessels entering the year before the fesir of ITQs as it is believed that people
anticipated the implementation of ITQs in March 898nd bought licences and fishing
vessels before the price increased (Williamson let 2098). Each vessel group was
characterized by the physical attributes (i.e. tengonnage, material and age) and fishing
characteristics (e.g. strategy, fishing efficiencihe average fishing efficiency of a vessel
was calculated as the average individual deviatminsatch-rates compared to the average

catch rates in the fishenging a closed-form estimation method (Haddon, 2001

The shift of vessels between strategies from yegear was investigated as the percentage of
vessels following a stratedyin yeary that followed strategi’ in yeary + 1 similar to the
index of stability in Ulrich and Andersen (2004helaverage proportions of vessels changing
strategy over the period were used as indicatotReofransitions in fishing activity. Changes
in fishing activity were also investigated in terrok fishing seasonality as winter lobster
prices are higher than summer prices (Austral wibtgng defined as April to September).
The concentration of fishing was explored througbk evolution of catches by individual
vessels. Additionally, the “stay vessels” were stigated in 2005-2007 through a number of
characteristics (catch, evolution of catch overyg@rs, region of origin, quota units owned
and quota ownership type) using multiple correspord analysis (MCA, see Venables and
Ripley, 2002 for the plot of MCA). All the analysegere performed using R statistical
packages (R Team, 2009).

3 Results

3.1 Evolution of the Tasmanian rock lobster fishing fleet

Although vessels have entered and exited the fisbeery year over the 1993-2008 period,
the number of vessels in the Tasmanian rock lolhister dropped by 25% in the first 3 years
after introduction of the quota management systeee igure 1lI-2). The number of entrants
and exit vessels generally balanced each otherréoelfbQ probably reflecting either

investment in new vessels or fishers retiring aglting or leasing their licence to new fishers.



Response of the Tasmanian rock lobster fleet to ITQ

Since ITQ introduction, the departure of vessels hegularly been greater than entries,
leading to a reduction of the fleet size althougle Bnnual TACs were set at a level
comparable to catch in the mid 1990’s (see cha@jtefhe rationalisation of the fleet has not
been uniformly distributed around the state (figik8). Eight years after the introduction of
ITQs, the South-East region has remained the aratie most fishers and the number of
active vessels only declined slightly (from 95 ®wssels). The north coast and west coast of
Tasmania had a smaller fleet but they also remaiakdively constant over the period. In
contrast, the East Coast used to be the home-regianarge part of the fleet in 1995-1997
(74 vessels) of which 56% only remained active iy tnid 2000’s. This can probably be
explained by the demographic structure of the patpan in the area. The East coast is the
residence of an older population and the retireroéafying fishers might explain the decline
in the local fleet (Williamson et al., 1998). Thetlier states and Northern Islands” region
displays the largest decrease in the number oklseddost vessels in this group have owners
from interstate so the strong decline in this péarhe fleet may be due to higher travel costs

ITQ first entry

making fishing less profitable.
re-entry
stay -

definitive exit
temporany exit
200
100
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Figure 11I-2 Annual vessels movements in and out ahe Tasmanian rock lobster fishery.(1994-2008).
Re-entry and temporary exit correspond to a suspeisn of rock lobster fishing for at least one yearThe
category “exit vessels” corresponds to the sum ofiéfinitive exits” between 1997 and 2006. “New-comst
are vessels that first appeared “first entry” in the fishery between 1997 and 2008; “stay vessels” are

vessels which were in the fishery before 1997 andeve still active in 2007 and/or 2008.
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Inter-annual variations of the fleet size are alse to temporary suspension of rock lobster
fishing. The number of vessels interrupting theshihg activity for at least a year increased
after 1998 (figure 1lI-2). Several factors can eiplthis increase. First, the transferability of
quota entails higher flexibility. If fishers needl interrupt their activity for personal reasons,
they can do so and maintain an income by leasieig ¢fuota. Second, quota owners who also
own a vessel, regularly compare the price of qageinst the lobster beach price and decide
to either lease their quota or fish it. Last, tbgulation requires every fisher to hold (own or
lease) a minimum of 15 quota units at the beginwinipe season to be allowed to go fishing.
Lessees who own little quota may have difficult@staining 15 quota units and may be
forced to skip a season. Overall, 166 vesselsnigsbefore 1997 definitively left the fishery
over the 1997-2006 period (exit vessels), 113 \essatered the fishery for the first time
between 1997 and 2008 (new-comers) and 150 velsaeésremained active throughout the
period (stay vessels, with some temporary exits).additional 96 vessels were not included
in the analysis because they left the fishery l@e1®96, and their exit is assumed unrelated to
the introduction of ITQs.
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Figure 111-3 Number of vessels by region before andfter the introduction of ITQs.
Number of vessels before introduction of ITQ estimgd as average 1995-97 (light grey circles) and aft
ITQs as average 2005-07 (dark grey circles).



Movements of vessels have modified the averageactarstics of the rock lobster fishing
fleet. Most small vessels have exited the fishetyle larger vessels, both in length and gross
tonnage, have entered (see figure Ill-4). More thalf the vessels entering the fishery have a
capacity of at least 30 tons and have thereforeighe to carry the maximum number of traps
on-board (50 traps according to fisheries rulesprAr2006). While most vessels leaving the
fishery were made of timber, this material was amged for 20% of new vessels. The major
construction materials of the entering fleet weteels and fibreglass, attesting to the
modernization of the fishing fleet with lighter reatls that are also cheaper to purchase and
maintain. The fluxes of vessels in and out of the fisheryehalso rejuvenated the fishing
fleet with at least 20% of new vessels younger tHagears at the date of entry, attesting to a

positive investment in the fishery.
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Figure 11l-4 Characterisation of vessels leaving,taying and entering the fishery.
Exit vessels are vessels that left the fishery aft&997, stay vessels remained in the fishery siné896 until
2007 and new comers are the vessels that entere@ tishery after 1997. Characteristics include (a)eassel
length in meters, (b) vessel construction materigkimber, steel, fibreglass and others), (c) grosetnage in
tons and (d) vessel age in years. The age of vessshown here are the age of the vessel at the lgstr of
activity prior to leaving, the age at the first yea of activity for the new comers and the average agover

the period 1996-2008 for vessels remaining. NA repsents the percentage of non available data.



Fishing efficiency coefficients are the individudéviations of catch rates compared to the
average catch rates. Because average catch rategeghted by catch in the calculation of
fishing efficiency, the weight associated with vefficient fishers who catch more lobsters is
higher than the weight of less efficient fishersl dhe median of individual efficiencies is
lower than 1 (0.8 here). While some of the fishafiliciency patterns are expected, such as 95
fishers leaving the fishery being less efficierdrtithe average fisher (fishing efficiency lower
than 0.8, see figure llI-5), analysis at the vessetl only allows for a limited interpretation
on the movements of fishers. A quarter of “exitseds” (or 45 vessels) are in the category
“very efficient” but some are likely to be fishesho invested in new vessels and would then
also be found in the very efficient “new-comerstegory. By comparing the number of exit
vessels and new-comers for each efficiency leveletaexit of vessels is observed for the
extreme categories: very efficient and least efitifishers. The departure of about 20 of the
most efficient vessels can be surprising but fighefficiency also reflects the experience of
fishers and, fishers retiring after decades ofirfiglfor rock lobster are possibly some of the
most efficient in the fishery. Twenty-six vesseB)% of the stay vessels) with very low
efficiency stayed active in the fishery. The mdjoaf vessels remaining in the fishery have a
fishing efficiency around the average fishing e#fircy with only 33 “stay vessels” being in
the 25% most efficient fishers observed over 199882 The new-comers are evenly spread
in all fishing efficiency categories. The occurreraf new vessels in the two highest efficient
categories can probably be explained by investnoérthe most efficient fishers in new
vessels. Another possible explanation relates éoptiysical characteristics of new vessels.
More resistant to rougher weather, with a higheeasibility to less exploited fishing grounds
and with newer technology, the new vessels aregtmgmore efficient at tracking lobsters.
The least efficient new comers are probably news lexperienced fishers buying into the

fishery after quota introduction.
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Figure 11I-5 Distribution of vessels by fishing effciency levels for exit vessels, stay vessels arelncomers.
The observations are divided in four levels followig the 25%, 50%, 75% and 100% quartiles: the least
efficient fishers (fishing efficiency lower than 065), the medium low fishers (efficiency between (b6éand
0.8), the medium high fishers (efficiency between®and 1) and the very efficient fishers (efficienchigher
than 1).

To summarize, the Tasmanian rock lobster fishiegtfldecreased since the introduction of
ITQs. The exit of vessels from the fishery led tet@ng decline in local rock lobster fleets
from the “other States” and Northern islands witghler travelling costs and from the East
coast probably due to retirement. The reductiorthef fleet happened at the expense of
smaller wooden vessels with investment in largeunger vessels made of steel or fibreglass.
The rationale behind using larger vessels is totrteerequired regulated size to carry the
maximum number of traps onboard and thus increasecatch per day. In addition, larger
vessels can operate in rougher weather increabiegoossibility of fishing during winter
when beach prices are high and the new lighter mabigecreases fishing and maintenance
costs. Despite expecting that the most efficiesttdrs would remain in the fishery while the
least efficient would leave (Anderson, 1986), thetyse observed in the Tasmanian rock
lobster fishery is more complex. Only a third ot thiessels leaving the fishery were less
efficient, some of the best fishers also left tishdry. The exit of some of the most efficient
fishers can be explained by the aging profile effishery (Frusher et al., 2003). Older fishers
either retired from the fishery and sold their guot became investors, leasing their quota to

active fishers.



3.2 Description of fishing activities

3.21 Métiers

The classification of fishing trips for the threslexted years 1994, 1997 and 2000, resulted in
the identification of 36 clusters of fishing trigharacterised by the location profiles (16
fishing grounds) explaining 93% of the variancee3én groups were then pooled into 13
métiers with similar dominant fishing grounds iriegrthat no cluster contained less than 1%
of trips. The importance of each fishing métierténm of number of trips over the period
1993-2008 varies from 345 (or 1%) for métier NW mlée more than 6000 trips (18%) for
métier SW shallow (see table llI-1). The métiersezaall the areas in Tasmanian waters, each
métier focusing on one fishing ground or two whems of the fishing occurs in deep water
(table IlI-1). The first nine métiers cover shallavaters (less than 70 m deep) all around
Tasmania. In addition, four métiers target deepetew lobsters on the West coast of
Tasmania, focusing on deep water fishing in thetiN@est (métiers 10 and 11) or
combining shallow and deep waters of south westeeas (métiers 12 and 13). No deep
water fishing was identified on the East coast.llBivawater métiers have been preferentially
chosen by fishers throughout the period of studyerCthe 1993-2008 period, at least a
thousand trips have been undertaken in each shalber métier (up to 6103 trips for métier
SW shallow) while deeper métiers have been opetassdfrequently (from 345 trips for NW
deep métier up to 871 for WNW deep métier).

The métiers in shallow waters target primarily rédgh value, lobsters while métiers in
deeper water target the less valuable white lobdtat with higher catch-rates. The north-
south geographical partition shows that métiersdistributed along the coast covering the
full range of latitudes and lobster sizes, from tloethern areas targeting the larger lobsters
(average lobster size during a trip between 0.8rd) 1.5 kg for métiers 1, 2, 4, 10 and 11) to
the southern areas with smaller lobsters (aver@ugedr size less than 0.8 kg for métiers 7, 8,
9 and 13). Métiers in mid-range latitudes (3, &né 12) target intermediate sizes.

The métiers devoted to fishing in shallow wateffstio¢ East and South coasts (métiers 2, 4,
6, 8 and 9) seem to be favoured during winter mortimpared to the métiers on the West
coast (shallow, métiers 1, 3, 5, 7; and deep, ms&tl® to 13). This seasonal partition is
expected because most of fisher's home ports artertast coast and fishers tend to fish
closer to home during winter, partly due to rougheather conditions in winter which is
exacerbated on the West coast where fishing camnbetiazardous.



Table IlI-1 Characteristics of the rock lobster métiers.

Trips represents the number of trips undertaken inthe métier between 1993 and 2008. The main location

corresponds to the assessment areas split by depéiss or greater than 70m. Season represent highdran

average occurrence in months. CPUE is the averag@fraplift. Fishing days is the average number of

days spent fishing during a month. The Trend is calulated on the proportion of trips spent in the méer

per year. In parenthesis are indicated'percentage,? the trends and significance of trends at 5% level

indicated by star *

Metier name Trips Main location® Season Lobster siZeCPUE®*  Fishing  Trend
days’
1 NWshallow 5899 area’5<70m (93) High Mar-May 0.8-1.5kg (85) 1.0 (0.02%) 17 (-0.21%) -0.18
NE shallow 4601 area4<70m (90)  High Jun-Aug 0.8-1.5kg (84) 0.9 (0.02%) 17 (-0.31* -0.05
3 WNW shallow 2515 area6<70m (89) HighJan-May 0.8-1.5kg (63) 1.1(0.02*) 13 (-0.18%) -0.05
& < 0.8kg (36)
4 ENEshallow 2839 area3<70m (90) HighJun-Aug 0.8-1.5kg (76) 0.6 (0.03%) 19 (-0.09%) -0.23*
5 WSW shallow 2033 area7<70m (85) High Nov-May < 0.8kg (56)& 1.3 (0.04*) 11 (-0.08%) 0.05
0.8-1.5kg (44)
6 ESEshallow 3280 area2<70m(90) HighJun-Aug <0.8kg (51) & 0.7 (0.03%) 17 (-0.19%) 0.12
& Nov-Dec  0.8-1.5kg (48)

7 SW shallow 6103 area8<70m (90) High Nov-Feb < 0.8kg (73) 1.0 (0.03*) 13 (-0.17*) 0.2*
8 SE shallow 3523 areal<70m(89) HighJun-Jul <O0.8kg(70) 0.7 (0.02%) 15(-0.26%) 0.4*
& Nov-Dec
9 S shallow 1091 areas 8 <70m (50), High Jun-Jul <0.8kg (75) 0.8 (0.02%) 16 (-0.18*) 0.18*

1 <70m (42)
10 NW deep 345 area5>=70m (77) High Feb-May 0.8-1.5kg (74) 1.7 (0) 14 (-0.41%) -0.09*
11 WNW deep 871 area6>=70m (67) HighJan-May 0.8-1.5kg (71) 1.8 (0.05%) 13 (-0.28) -0.16*
12 WSW deep 554 area7>=70m (40), High Dec-May < 0.8kg (59) & 1.2(0.02%) 13 (-0.16%) -0.12*
<70m (32) 0.8-1.5kg (40)
13 SW deep 565 area8>=70m (53), High Sep-Feb <0.8kg (82) 1.3(0.03%) 12 (-0.06) -0.09*

<70m (36)

The time spent fishing each month decreased fanétlers with the number of fishing days
decreasing by 0.06 to 0.41 days per trip each (ear métiers SW deep and NW deep
respectively). While the TAC remains stable betw&&00 t/yr (1998-2000) and 1523t/yr
(2001-2008), the decline in the number of daysiriigls a result of the increase in catch rates
and the increase in trap-lifts per day per vesseltd the use of larger vessels with more traps

onboard (see figure 111-6).



1.6
-
o
o
=104
I
=
[
o
i 0.5
< —— traps onboard
E —— Cpue

—— total days
0.07 T T T T T T
1995 2000 2002 2004 2006 2008
Quota year

Figure 111-6 Relative evolution of fishing indicators.
Traps onboard are approximated by the average numbeof traps used per shot, CPUE (non standardised

catch rates in kg/traplift) and annual fishing daysfor the fleet.

The distribution of trips to métiers changed thiowgt the time period examined. All métiers
that operated in western deep waters (10 to 13)tlmdhallow waters of the North (1 to 4)
showed declines in the proportion of trips takerybar, although the trend is not significant
for métiers NW shallow, NE shallow and WNW shall@table 11l-1). The decrease in the
northern deep and shallow waters is balanced bpadséive trends for all the shallow water
métiers in the southern half of the state (sigaificfor métier SW shallow, SE shallow and S
shallow). Before introduction of quota, fishers diot have secure catch shares and the “race
for fish” probably led fishers to develop strategmaximizing catches, even if this was at
lower prices. With the individual quotas, fishees/d been allocated secure catch shares and
have had the opportunity to develop strategies @imtetargeting specific lobster market
categories and seasons with higher prices, as aglreducing the costs per kilogram

harvested, which are higher for deep water fishing

The decrease in deep water fishing is probably tduthe lower price received for white
coloured lobsters that constitute the deep watehcgChandrapavan et al., 2009). Prior to
guota introduction, high catch-rates in deep whtdanced the lower beach price fetched by
whiter lobsters and the fishing costs associateth ishing further at sea. With the
introduction of ITQs and the rebuilding of the ltdrsstock, catch rates increased all around

Tasmania and the decision of fishers to fish classinore was driven by a combination of



factors including higher beach prices, lower tringl costs and increasing catch rates in
those shallow areas.

The decline in the proportion of trips in the Nodhthe state is related to the change in the
structure of the fleet and to fishers favourindpifigy grounds closer to their home region (see
figure 1lI-7). The selection of fishing métiers éghly related to their home-region. From
1993 to 2008, a small proportion of fishers opetatet of the direct vicinity of their region of
origin. Among the vessels fishing far from theimm® port, fishers from northern parts of
Tasmania and interstate have been the most mobgalarly fishing in the South and South
West (figure 11I-7). Métiers NW shallow, NE shalloand ENE shallow have mainly been
operated by vessels from “Other states and Nortl&amds” and from the “East coast”,
which are the two regions with the largest decimaumber of vessels. Inversely, the métiers
with positive trends in proportion of trips (méseSW shallow, SE shallow and S shallow)
are operated by vessels from the South East wheraumber of vessels remained constant

(see figures I1I-3 and II-7).

Other states
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Figure 111-7 Average distribution of the 1993-2008rock lobster fishing trips by vessel's region of agin.
The grey shades represent the different regions @frigins for each métier numbered from 1 to 13 in tale
I-1.



3.2.2 Annual strategies

Rock lobster fishing occurs all around Tasmania (seation of métiers figure 11I-7), most of
the fishing activity happens in shallow waters édirgg red lobsters but fishers have also
ventured to deeper waters on the West coast. fgsininthe different métiers results in
different lobster in terms of colour with brightdréobsters in shallow water and in terms of
sizes, from larger lobsters in the North to smdtksters in the South (table Ill-1). This is an
important feature of the Tasmanian rock lobstehdry, since ITQs fishers have had
incentives to increase their profit per kg of l@vsas their total catch is fixed. Fishers can
increase the value of their catch by fishing inseea when the price is higher but also by
targeting lobster categories more valued on then€d@ market. The colour of lobsters is
selected through the depth of the fishing grou@isagdrapavan et al., 2009) and the size by
varying the latitude where fishing occurs (Gardeerl., 2006). Fishers can also decrease
their fishing costs by fishing closer to their hompert and in areas where catch rates are
higher. Although there are no restrictions to rdokster fishers operating throughout
Tasmanian waters, Tasmanian rock lobster fishe¥sattached to specific fishing grounds
within a trip and are consistent in their choiceradtiers within a fishing season (table I1I-2).

The annual combinations of métiers are groupedantuial strategies using a cluster analysis
which identified 14 groups explaining 68% of therigace in the data. The size of the
different fishing strategies varies from 82 obs&ores or “vessel-years” (i.e. 1.9% of the total
number of observations for fishing strategy 4) &y 6ressel-years (i.e. 14.8% for fishing
strategy 14) over the 1993-2008 fishing period.hEsitategy is characterised by a single or
set of dominant métiers from the range of métieeBndd previously. Nine strategies are
mainly composed of métiers operated in shallow weategies 2, 3, 5, 6, 8, 9, 11, 12 and
13 in table 11I-2), four associate a mix of botrabw and deep water métiers off the West
coast (strategies 1, 4, 7 and 10) and the ladegiravas characterised by a low number of
rock lobster fishing trips per year (strategy 1Except for the south-western shallow
strategies (8 and 13) in which fishers operate redveétiers, the strategies directed toward

shallow water display a high métier fidelity, edohusing on a single rock lobster métier.

All strategies include at least a month withouhifig in addition to the seasonal closures. The
number of months active in the fishery is slightigher for shallow strategies (from 8.2 to
9.7 trips per year) compared to the strategiesiuwvg deeper fishing (from 7.2 to 8.3 trips
per year). Comparatively, in the strategy calleaW'IRL fishing”, fishers are active in the



Tasmanian rock lobsters (RL) fishery only four nienturing a year. The average number of
months active per year does not follow a cleardrBr most strategies but strategies “SW
mix” and “NW shallow” where an increase in the n@nbf trips undertaken per year can be

observed (respectively 0.1 and 0.03 additional mpet year).

Table 111-2 Characteristics of the final fishing strategies.
“Obs” represents the number of 'vessel-year' pracsing the fishing strategy during the 1993-2008 fishg
years, “Main métiers” is the dominant métiers operaed in a strategy, “Trips/year” is the average numier
of months of activity per year, “CPUE” the catch rae in kg/traplift and “Seasonality” represents the
seasonality index i.e. the number of consecutive mils practicing the same métier. In parenthesis are
indicated *average number of trips in métier per year’the trend of the variable (* indicates a significan
trend at the 5% level) .

Fishing Obs Main metiers' Trips/year? CPUE? Seasonality Trend
strategies
1 NW mix 137 NW shallow (4), inact (2.7), 7.8(0.04) 14(004) 4.7(0.01) -0.26%
NW deep (1.9)
2 NWshallow 457 NW shallow (8.4) 9.7(0.03) 1.0(0.03%) 6.8(0.12%) -0.06
3 NEshallow 478 NE shallow (7.3), inact (1.7) 9.0(0.01)  09(0.03) 54(0.05 -0.15
4 WNW deep 82 WNW deep (4.1), inact (2.2), 8.3(-0.03) 20(0.09%) 3.0(0.05) -0.11*
WNW shallow (1.1)
5 WNW shallow 250 WNW shallow (7), inact (1.6) 9.0(0.04)  11(0.02% 57(0.07) -0.13*
6 ENE 264 ENE shallow (7.7), inact (1.1) 9.4(0.02)  06(0.029) 57(0.01) -0.30%
7 W mix 155 inact (2.5), WSW deep (2.3), 8.0(0.05)  1.3(0.04%) 3.6(-0.05) -0.25%

SW shallow (1.6)

8 WSW shallow 231 WSW shallow (5.9), inact (2.1), 8.5 (0.02) 1.3(0.04*) 4.7 (-0.05) 0.02
SW shallow (1.1)

9 ESE 392 ESE shallow (6.4), inact (2.4) 8.3 (-0.01) 0.8 (0.02%) 4.6 (-0.1¥) 0.15

10 SW mix 196 inact (3.4), SW shallow (2.3), 7.2 (0.1%) 1.2 (0.04*) 4.0(-0.06*) -0.25*
SW deep (2.1)

11 SW shallow 325 SW shallow (7.8), inact (1.8) 8.8 (-0.02) 1.0 (0.03*) 5.6(-0.13%) 0.05

12 SE 351 SE shallow (6.7), inact (2.5) 8.2 (0.02) 0.7 (0.02*) 5.4 (-0.07*) 0.31*

13 S shallow 294 SW shallow (4.4), S shallow (2.1), 9.2 (0.02) 0.9 (0.03*) 3.3(-0.01) 0.40*
inact (1.5), SE shallow (1.4)

14 Low RL 627 inact (6.5), NW shallow (1.3) 4.2 (-0.01) 1.1 (0.03%) 5.9 (0.04) 0.59*

fishing

As expected, the seasonal component of the anmtadkges is inversely related to the
number of métiers practiced in the strategy. Theemmétiers practiced in a strategy, the
lower the seasonality index (number of consecutim@ths in the same métier). The lowest
seasonal indices are observed for the “WNW deep’shallow” and “W mix” strategies and

the highest for the “NW shallow” and “low RL fislgh strategies. Fishers operate in their



main métier for a minimum of three to four monthsdaup to more than five months
consecutively for half the strategies. The seasiynaldex is a measure of the flexibility of
changing métier from month to month. Although te&tively high seasonal indices denote
that fishers are strongly attached to a small sulfseétiers that they operate for periods of a
few months, four annual strategies (9-12) showgaiitant decreasing trend of seasonality
indicating that they have been changing métier nudten. Alternatively the strategy “NW
shallow” with the highest specialization has itasmality index increase over the period of

study.

No relationship could be identified between theclkatates in the strategy (CPUE) and the
diversity of métiers or the seasonality. Catch gadee primarily determined by the fishing
location and the season. The East Coast is eastlgsaible to most fishers and has been
traditionally fished more intensively than the wesast and especially the deeper areas of the
west coast that are less accessible due to chalemgeather conditions for part of the year.
As a result, strategies focusing on the easterasa®rategies 3, 6, 9 and 12) display lower
catch-rates (i.e. less than 1kg/traplift) thantsetyges operated in the west. Weather conditions
are harder on the west coast, limiting the timbifig in winter, when catch rates are lower
due to the ban on females and lower catchabiligtciC rates in the strategies that primarily

fish in the west in summer are driven by the higinser catch rates.

The evolution of annual strategies from 1993-20@l®Wws similar trends as observed at the
métier level, i.e. decrease of the proportion afpdevater fishing in the north of the State
while the proportion of fishing in the southern lha water increased. A significant
reduction of the proportion of active vessels isaled in annual strategies oriented towards
deep fishing grounds on the West coast (strateé®leg mix”, “WNW deep”, “W mix” and
“SW mix”) and towards shallow areas in the Norttrgtegies “WNW shallow” and “ENE”").
The decline in those strategies varies from 0.14%.30% less vessels per year (table I11-2).
In addition, the other two northern strategies (“dWallow” and “NE shallow”) display non
significant negative trends. Only the five stragsgtargeting southern and shallow waters
(“WSW shallow”, “ESE”, “SW shallow”, “SE” and “S stllow”) had positive trends although
only the “SE” and “S shallow” were significant. THew RL fishing” strategy displays the
record high trend with 0.59% more vessels choosirgduced activity every year.



3.3 Evolution of the fishing activity

3.3.1 Spatial

Since the introduction of ITQs, the effort in thehery has decreased from about 1.7 million
trap-lifts per year in the mid 90’s down to 1.3 lioih trap-lifts in the mid 2000s (chapter 2,
Hamon et al., 2009). However the decrease in effast not been distributed homogenously
around Tasmania. The proportion of fishing effogtidtased in the North and deep Western
areas balanced by an increase in the shallow Sousheas.

The inter-annual shifts of vessel strategies detnatesthat fishers seem dedicated to their
traditional fishing strategy with high percentagaefsfishers being observed in the same
strategy the next year (on the bolded diagonaktdbB). This is particularly true for shallow
strategies with 64 to 76% of fishers operating shene strategy from year to year, except
“SW shallow” and “S shallow” which have only 55 add% of loyal fishers but fishers
remained in close areas. On average, the “deefegiea” display a lower rate of devoted
fishers with respectively 35, 50, 32 and 30% didis keeping the “NW mix”, “WNW deep”,
“W mix” and “SW mix” as their strategy for two comsutive years. Although the “low RL
fishing” is the strategy with the most vessels #mal highest increase rate (table 1lI-2), only

29% of fishers stay in the strategy from one yedhé next.

The increasing and decreasing trends observedtfategies (table 1lI-2) are due to the
rearrangement of vessels to other strategies., fiseers who had originally fished in a mix
of shallow and deep métiers relied more on thel@hainétier they practiced for a greater
portion of their catch as fishing stocks rebuilec8nd, possibly due to recovering stocks,
higher catch rates and quota limitation, fishersrel@sed their activity in terms of months
active and ended up in the “low rock lobster figfiiatrategy. For all deep or mix strategies, a
shift of fishers to the shallow counterparts iseled. An average of 21% of fishers fishing
in the “NW mix” strategy fished in the “NW shallovstrategy the following year, likewise
fishers have switched from strategies “WNW deepV tnix” and “SW mix” to “WNW
shallow”, “WSW shallow”, and “S shallow” at a regpiee rate of 9, 14 and 13% per year
(table 111-3; figure 111-8b). In addition, in fiveof the six strategies with significant negative
trends, more than 10% of the vessels engaged ifiaweRL fishing” strategy the following
year (figure 1lI-8c). Finally, the strategies witlecreasing trends attracted less fishers from
other strategies over time, the negative signaltetlll-3 indicate decreasing flows towards
northern and deep strategies. Interestingly, onllgva percentage of vessels left the fishery



(temporarily or definitively) that were engagedarmajor activity. Most of the vessels that
exited the fishery were in the “low RL fishing” ategy during the previous year.

Table 111-3 Average percentage of annual vessel dts between fishing strategies.
Shifts are indicated from year y (in rows) to yeary+1 (in columns) over the period 1993-2008. Valuem
the diagonal represent the percentage of vesselsghg in the same strategy from year to year. Minug-)
and plus (+) signs indicate significantly decliningand increasing trends, although the coefficientsfahe

trends are not specified. Percentages higher thard% are bolded.

Yeary+1 NW NW NE WNW WNW ENET W WSW ESE SW SW SE° S LowRL temp. definit.

Yeary mix~ shall shall deep” shall” mix "~ shall mix "~ shall shall * fishing *  exit exit
NW mix~ 35 21 3 3 1 7 2- 1 19 3 5
NW 6 69+ 2 2 1 1 1 1 2 12 3
shallow - . :

NE

shallow 1 2 76 4 1 2+ 8 1 5
WNW

deep 9 1 50 9 8 6 14+ 1 3-
WNW

shallow - 3 1 1- 67 2 4 2 2 1 1 1 8 5
ENE” 6 71 1 4 1 10 2 5
W mix” 3 2- 6 4 1 32 14 1 3 6 11 2 5
WSW

shallow 1 2 4 2 5 64 1- 6 1 2 5 2 6
ESE 1 2 1 1 75 1 3 4 5 1 6
SWmix~ 3 2 1 1 2 8 3 30 9 2 13 12 3- 4-
SwW

shallow 2- 4 2 4 55 1 15 8 1 5
SE* 1 1 1 1 4 1 2 70 6+ 5 2 8
S

shallow * 4 3 1 1 3 1 4 4 15 12 41 7 1 4
Low RL

fishing * 3 8 5 2 1 3 2 1 2 3 4 2+ 3 29 7 24
re-entry 1 1 1 4 1 6 9 4 8 2 9 5 43+

firstentry 2- 4 3 1- 4 2 2 4 7 7 1 9+ 1 54

Among the increasing strategies (with a plus sigauperscript next to the strategy nhames in
table 111-3), strategy “SE” is the only one with mothan half the vessels staying in the
strategy from year to year. In addition to 70%lod vessels continuing in the strategy every
year, vessels operating in the closest strateggh&low” switched to “SE” (12% of the
vessels, see table 1lI-3 and figure IlI-8b) and 8%the entrants (first entry and re-entry)
chose the “SE” strategy (table 1lI-3). Despite wéo rate of vessels staying in the strategy “S
shallow” and vessels entering or re-entering thategy, the strategy “S shallow” increased
over the period due to the shift of vessels fromtBdVest strategies (“SW mix” and “SW

shallow” see table 11I-3 and figure IlI-8b).



The “low RL fishing” strategy seems to hold an imediate position in the fishery. It is the
first step towards exiting the fishery definitel2406 per year in average, decreasing) or
temporarily (7%) and it seems to be the preferteategy of entry or re-entry in the fishery
with more than half (54%) the first timers choostogstart with this strategy and 43% of the
vessels re-entering each year use this strategy ihkermediate position can partly be
explained by the vessel registration processvéssel is changed in the middle of a fishing
season, the activity allocated to the vessel ferydar is low and therefore the vessel ends up
in the “low RL fishing” strategy. Thus the figureilwalso reflect fisher's upgrading or
changing their vessels. Although, less than a tbirdhe vessels in the “low RL fishing”
strategy remain in the strategy the following ydhe strategy has gained vessels over the
years through entry of vessels in the fishery dad major shifts from other strategies (figure
[1-8¢). A variety of factors can have caused theréase of the “low RL fishing” strategy.
With secure rock lobster fishing rights and inchegsatch rates, some fishers have spent less
time fishing for lobster and have been involveather professional activities, like fishing for
scallop or giant crab. Quota owners who are ndy fetired may fish part of their quota to

assess the state of the fishery first hand ane lgsrest of the quota to other fishers.

-

0-14%
-» 15-19%
=P 20-25%

Figure 111-8 Approximate geographical position of drategies and movement of vessels.
Strategies are numbered in bubbles as on table 2; NW mix, 2- NW shallow, 3- NE shallow, 4- WNW
deep, 5- WNW shallow, 6- ENE, 7- W mix, 8-WSW shallv, 9-ESE, 10- SW mix, 11- SW shallow, 12- SE,
13- S shallow and 14- low RL fishing. The averageumber of vessels in the strategy per year are indated
by the size of the bubbles on panel a), inter-annliahifts to active strategies are indicated with aiows on

panel b) and inter-annual shifts toward “low RL fishing” strategy are indicated on panel c).



3.3.2 Seasonal

The seasonal allocation of fishing effort for rdokster has changed since quota introduction
with an increase of winter fishing (chapter 2, Haned al., 2009). In 1995-1997, the majority
of the fishing fleet (about 80%) spent between B &0% of their fishing effort in winter
months when beach prices are higher (see figw®).llTen years later vessels fished more
during winter, half the fleet sets more traps imter than in summer (compared to 16%
before ITQs), while only 40% of the fishing fleetk the previous seasonal pattern (30-50%
of effort in winter). The increase in winter fishins mainly the result of fishers redirecting
part of their fishing effort to winter. The “exiegsels” fished as much in winter as the “stay

vessels” prior to ITQs.

exit vessels [ll stayvessels I new comers [
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Figure 111-9 Average number of vessels by proportio of effort allocated to winter before and after ITQs.
Number of vessels by categories: exit vessels, stagssels and new comers before (left) and after gtit)
implementation of ITQs. Exit vessels are vesselsigrg after 1997, Stay vessels are vessels stayingthe

fishery over the 1997-2007 period and new comerseawessels that have entered since 1997 .

3.3.3 Catch aggregation

Williamson et al. (1998) predicted that the effemftsntroducing ITQs in the Tasmanian rock
lobster fishery would be different for “big” andrtwll” catchers. Over the first 10 years of the
guota management system, the catch profile haggeldanith less “small” catchers (less than
5t per year) and more “big” catchers (more thandl@ear, see figure 11I-10). The change in
the catch profile is due to the exit of small catsh(107 vessels or 65% of exit vessels fished
at most 5 tons of lobsters per year prior to quutaduction). Between 1995-1997 and 2005-
2007, vessels remaining in the fishery have infextstheir catch as almost a quarter of those

vessels fish more than 10 tons a year in 2005-28@4inst 9% 10 years earlier).
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Figure 111-10 Average number of vessels by catch tensity before and after ITQs.
Vessels catching less than 5t, 5 to 10t or more thalOt per year before(left a) and after (right) the

introduction of quota by category.

The characteristics of the fishers that stayedcha fishery over the 1996-2008 period were
investigated using multiple correspondence analyM€A) with five factors and the
individual fishers are plotted on figure 1ll-11 &apanel corresponding to the projection of
one of the five factors used for the MCA and induals are coloured according to their
value. More than half of the vessels that remaaive over the 1996-2008 period increased
their catch (figure 111-12) resulting in a fleet twimost vessels fishing more than five tons a
year (figure IlI-10). Those who decreased theicleahainly fished at most five tons a year in
2005-2007 (figure llI-11-a and -b).
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Figure 111-11 Multiple correspondence analysis plotof the stay vessels.
The dots represent vessels and the colours represestates of the qualitative variables. a) annual dah in
2005-2007 (<=5t, 5-10t, >10t), b) the evolution ofdividual catch between 1995-1997 and 2005-2007 the
region of origin of the vessels in 2005-2007, d)émumber of quota units (QU) owned (less than 25Q25-
49QU, 50-74QU, 75QU and more), and e) the type ofvaer as defined in methods (income supplementor,
independent fisher, quota redistributor and quota apendent fisher). The positions of the categoriesea

defined by the multiple correspondence analysis.

The catch intensity should be related to the typgquota ownership observed in 2005-2007
(figure 1lI-11e). Almost half the fishers who stalym the fishery were quota lease dependent
fishers in 2005-2007 (figure 11I-12), the rest betfishers staying were evenly divided into
independent fisher, income supplementor and quedistributor categories. Only fishers
actively leasing quota in (quota redistributors d&mke dependent fishers) fished more than
10 tons a year in 2005-2007 and mainly increased thdividual catch since the introduction
of ITQs possibly making up for the lower marginabig of catch leased quota (figure Il1-11-
a, -b and —e). Lease dependent fishers and qudtstrileutors differed by the amount of
quota they owned and their region of origin. Quadistributors owned more units (figure
[1I-11-d) and while the lease dependent fishersecamainly from the South, East and West of
Tasmania, quota redistributors came from the Noodist and the other States and Northern

Islands, i.e. the regions furthest from the snabsters in the South of Tasmania (figure Ill-



11-c). Quota redistributors may compensate thaumist to the best fishing grounds by higher
flexibility in their fishing plan (hence lease gaotn and out). Fishers became income
supplementors by decreasing their catch over thegand leasing the surplus out. In 2005-
2007 they owned between 25 and 49 quota units rffidik-11-d), probably their initial
allocation, but fished less than 5t of lobster peair (less than 34 quota units). Some quota
owners have remained out of the lease quota mandgpendent fishers have increased and
decreased their catch over the period, possibipatch their quota allocation. Independent
fishers catch less than quota lease dependentdisimel quota redistributors suggesting that

the consolidation of their quota holding has beentéd.
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Figure 11I-12 Characteristics of the fishers remairing in the fishery.
Characteristics include the average annual catch i2005-2007, the evolution of the catch between 1995
1997 and 2005-2007, their region of origin (SE: StluEast, EC: East coast, NC: North coast, WC: West
coast and OTH: Other States and Northern islands)the average quota units owned over 2005-2007 and

the type of quota ownership.

Over the 1993-2008 period, fishing practices hawsnged in the rock lobster fishery. Fishing
decreased in the North and deep areas off the ¥dast while higher proportions of fishers
operate in the shallow waters in the South of Tasanand spent less time at sea. Even if
spatial shifts of activity from deep to shallowdragegies have been observed, fishers have
remained attached to their traditional fishing grdst. Thus, the decrease of effort in the
Northern strategies was mainly driven by the departof vessels operating in those
strategies. Fishers have been more flexible regarttie time of fishing and they increased
their catch during the high price season in wirdespite lower catch rates. Although the
number of fishers has decreased and the concentrafticatch in the hands of fewer vessels
has been observed, more than a third of the vessmigining active between 1995-1997 and
2005-2007 decreased their catch over the periopitdeimcreasing catch rates. The industry

spread in two directions, the vessels decreasigig dctivity to fishing less than 5t a year in



2005-2007 and the vessels that increased thein cgt¢o 5 to 10 tons a year, the latter group
depending on quota lease to cover their catch.fiShery is divided in two major groups, the
investors and income supplementors drawing an iecfsom leasing quota on one side and
the lease dependent fishers and quota redistribigasing quota to fish on the other side. In
between, the number of independent fishers declmest time, fishers either becoming

income supplementor or lease dependent fishersRu&en and Gardner, 2010).

4  Discussion and Conclusion

The Tasmanian rock lobster fishery has undergohbstantial changes since the introduction
of individual transferable quotas in 1998. Thisdstinvestigates the changes observed in the
fishery over 16 years between 1993-2008 lookingvatcauses: structural modification of the
fleet (exit of fishers) and individual adaptatian the new management system. After ITQs
were introduced, vessels left the fishery and nelaeger and more modern vessels entered.
The analysis is based on vessels as vessel owmelc ot be followed over time. The 113
vessels that entered the fishery, including vessglgcing some of the exiting vessels, can be
seen as a measure of the health of the fisherytl@dlynamic investment following the
introduction of quota. Fishers from interstate, Narthern Islands and from the East coast
were the most impacted and accounted for the ntyajofivessels that exited the fishery. In
contrast, the local fleets from other regions waeentained at their pre-ITQ level. The likely
explanation for fishers from other States leaving fishery is the high costs induced by the
travelling from their home port to fishing grountiscatch a limited quota. Prior to ITQs, the
travel costs were balanced by high catches butirtiementation of individual quotas
limited their catch and quota leasing costs deekdiseir marginal profit on catch over their
quota allocation. The East coast decline was pigbalso caused by the demographic
structure of the local population (Williamson et,al998). Older fishers seized the
opportunity of retiring with a “golden handshakérédshaw, 2004). The resulting fishing
fleet is thus not only composed of the most tedihicefficient fishers, some fishers
remained in the fishery despite low fishing effraig while some of the efficient fishers left.
In addition not every fisher increased their cagdme decreased their fishing activity while

supplementing their income by leasing their extratg.



Fishers remaining in the fishery adapted theirifigtbehaviour to the new regulation system
in order to increase their marginal profit (chaperHamon et al., 2009). If the seasonal
distribution of catch has been individually modifieo benefit from the higher winter prices,
fishers kept fishing in the areas they traditiopdibrvested. Although, they fished more
inshore where lobsters are bright red and fetchédrigrices, closer to their home port to save
on fuel costs, fishers did not explore new aredariget a different range of sizes. The size of
lobsters is determined by the latitude of the fighgrounds, the departure of fishers from the
North of Tasmania and interstate released thenijsipressure in the North of the Island
where big less valuable lobsters are caught. unidear if the price difference between sizes
caused the departure of vessels from the Northentnop the State. It is interesting to see that
although fishers have changed their fishing patterrarget more valuable lobsters (in winter
and shallow water) they stayed in areas they ajfr&adw. Rock lobsters are found on rocky
reefs and the knowledge of the distribution of tebs on these reefs obtained from years of
fishing experience cannot be found on maps or eiéictronic devices. The consistency of
fishers in terms of spatial allocation of efforsti€éy to the importance of local knowledge in

the rock lobster fishing activity.

This study investigates the individual adaptatidérighers to the introduction of ITQs. Ten
years after the introduction of ITQs, the Tasmamaok lobster fleet as a whole had behaved
largely as expected although there was varialbiveen individuals. The patterns observed
at the fleet level can be due to two causes bosiervled in Tasmania: less profitable fishers
left the fishery resulting in the fleet becoming ma@rofitable on average, and remaining
fishers modified their fishing strategies towardrenvaluable activities (Brandt, 2007). While
fishers have remained attached to fishing areagegidns, they fished more in winter and in
shallower water, increasing the value of their lagd and decreasing their fishing costs. The
decline in Northern areas was primarily due togki of a part of the fleet that traditionally

travelled from interstate to fish in these areas.

Scientists and managers seek better understantiithg decisions taken by the fishers, such
as their participation in a fishery and the cha€eheir spatial and temporal distribution of
effort and how those decisions vary with exterratyrbations such as management measures
or change in ex-vessel prices. Econometric modelexd behaviour are useful tools for
managers to predict the evolution of a fishery espy in the anticipation of the
implementation of ITQs (Thébaud et al., 2006b, Btar2007). However, basing the exit

decisions solely on economic factors seems to bwoamg assumption as, in the long term,



individual characteristics like age can affect thecision to remain active in a fishery.
Moreover, it appears from the current study that éxit of the fishery is a progressive
decision and fishers decrease their fishing agtivéifore leaving the fishery. In addition to a
better understanding of vessels movements in andofthe fishery driven by economic
considerations and individual characteristics, thierent study set the base to understand
fishing allocation by defining a discrete set afhing alternatives (or métiers) from which
fishers choose every month. Biseau and GondeaB8j1ld:fined the description of métiers
as the first step of bio-economic modelling of &8ks. The métiers defined here will be used
to feed a micro-economic fishers behaviour moddisbiing allocation and to investigate the

factors affecting their choices.



IV Simulation of the effects of quota trading
limitation in an ITQ fishery using an agent
based model of fishing allocation and quota

trading
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Abstract:

Individual transferable quotas (ITQs) have beenduse several countries worldwide to
regulate access to marine fisheries. While ITQs icaprove the economic efficiency of
fisheries, in practice they are not a panacea &tdliition and equity issues have been raised
in many cases. To overcome those issues, ITQ sygdtene sometimes been designed with a
set of regulations limiting the trade and cappimgnership of quota units. In this study, we
use an agent-based modelling approach to simutatesffects of introducing ITQs in the
Tasmanian rock lobster fishery. Individual agentisiens regarding spatial and temporal
fishing distribution are modelled at a monthly letaking into consideration the profitability
they derive from fishing rock lobster. A quota fregl model is integrated into the fisher
decision making process allowing fishers the choideasing quota units in or out depending
on economic performance and their catch expecttibhe model is then used to investigate
the consequences of setting a limit on quota tradResults are presented on how the
different harvesting patterns induced by a capradet and concentration of quota effect the

socio-economic performance of the fishery and tbigical resource.

Allowing quota trade has been important in reductagacity in the fishery. Simulations
suggest that non tradeable individual quotas wooldhave led to the observed reduction in
the active fleet. The model was also used to siteuhe trajectory of quota leasing prices
over the first decade of the ITQ systeand to assess the sensitivity of quota price tereal

drivers such as the market crisis observed in &k 2000s.



1 Introduction

Individual transferable quotas (ITQs) have beenduse regulating access to marine fish
resources in developed countries for the past tleeades (Chu, 2009). Although seen as a
successful management tool to improve the econaefficiency of fisheries, the social
consequences have been regarded as an issue (C8p6sMcCay, 1995, Bradshaw, 2004,
Bromley, 2009, Pinkerton and Edwards, 2009). Theomh behind ITQs states that more
efficient fishers will have incentives to buy/ leags the quota of less efficient fishers, hence
reducing the overall costs of fishing and subsetipenaking the fishery more efficient
(Anderson, 1986). However, the increase in efficyermay come at the cost of concentration
in quota ownership. The aggregation of quota shiarese hands of fewer operators and a
shift towards investor owned rather than owner-afperfishery are the potentially negative
social effects of ITQs. According to Anderson (2)G&cumulation of quota can lead to two
negative consequences. The first is that monopol&haviour can result if all quota is held
by a single company which has the control of thetgleasing price and thus the market. The
second negative consequence is in terms of eguityparticular, artisanal or small scale
fishers often lack the cash flow needed to expaed &llocation and the market for quotas
only profits the big companies (Bernal et al., 199doreover the transferability of quotas
and the possibility of concentrating quota shaies ltave an effect on local economies and
employment if quota is transferred to differentioeg (Campbell et al., 2000, Arnason,
1993).

In practice, rules can and have been adopted iattempt to avoid or at least reduce such
effects. Trade of quota is often constrained toicaiwoncentration of shares in the hands of
speculative investors. In Iceland, a fisher whanat willing to fish at least 25% of her
allocation for two consecutive years would forfledr permanent holding (Arnason, 1996).
New Zealand, the only country using individual stamable quota as the default management
tool for its fisheries, has restricted the holdofgquota shares to New Zealand residents and
to companies where the board has at most 25% eigfovoting power (Boyd and Dewees,
1992). In addition, all countries have limits ormhmuch quota a single operator can hold.
The limits range from up to 35% for deep sea sgeicidNew Zealand or 50% of the amount
of quota auctioned in Chile (Bernal et al., 1998wees, 1998), to lower limits, such as 10%
of total quota for rock lobster in New Zealand (@&s, 1998), or no trading at all, which was

implemented for the first two years in the halibshery in British Columbia (Dewees, 1998).



Iceland has also restricted exchanges of quotadestwdifferent regions even if in practice
most trades were allowed between regions (Arna$683). Such tight aggregation limits
however affect economic efficiency of the fisheAn@erson, 2008) because limiting quota
trading and aggregation can be inefficient if fira@not reach their optimal size (Asche et
al., 2008) or if the capital investment to harviést species is high (e.g. deep sea species in
New Zealand; Batstone and Sharp, 1999).

Rock lobster has been harvested commercially gl lomemmunities for over two centuries in
Tasmania, South Eastern Australia (see map fig¢we and Winstanley, 1973 for the history
of the fishery). The fishery had been managed tjttommput controls for about a century
when in the late 1980’s, concerns were raised daggrdecreased catch rates and the
sustainability of the rock lobster fishery. Limiig the number of fishing traps per vessel, a
seasonal closure for moult and minimum legal sieeevall insufficient to cap the growing
effort in the fishery. After several years of debgton how to reverse the declining trends in
biomass, a quota management system was adopteth@indlual transferable quotas were
introduced in the fishery in March 1998 and addethe pre-existing management measures
(Ford and Nicol, 2001). As in other fisheries, sulwere implemented regarding limits on
ownership and exchange of quota. Equivalent tondrali total allowable catch (TAC) of

1 500t, the 10 507 quota units were each worth §48id quota owners were limited to 120
quota units per license or 200 quota units in tdiaihce the aggregation limit was lower than
2% of TAC and despite the possibility of nominatfagnily members as beneficial owners, as
a way around the limit, evidence for concentratbiguota has been minimal, although some
concentration of quota ownership has occurred theel 998-2006 period (chapter 2, Hamon
et al., 2009). A common measure of wealth distrdsytthe Gini index (Gini, 1921) has been
seen in the Tasmanian fishery below values obsearvether fisheries meaning the quota is
more evenly distributed among participants. Fomgpla, values over 0.7 have been observed
for the Icelandic cod fishery (Palsson and Helgad®95) whereas the Gini index of quota
ownership was only 0.36 in the Tasmanian rock Ebishery in 2006 (chapter 2, Hamon et
al., 2009). The introduction of ITQs has had somgaicant impacts on the fishery, leading
to changes in the harvesting strategies of fishopgrators towards increased value of
landings, with a modification in the spatial anthporal distribution of fishing effort, as well

as a reduction in the overall capacity of the flset chapter 2 and 3).
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Figure 1V-1 Map of Tasmania with the eleven assessnt areas.

In this chapter, we examine the dynamic respondesioing operators to the introduction of
an ITQ system in this fishery, using a bio-economiimulation model which includes an
explicit representation of the choices fishers faseto where and when they fish, which in
turn depends on the returns they obtain from fighiand on quota trading. Individual
responses to management perturbations will differ t the heterogeneity of fishers in terms
of their port of origin, cost structure and quotanership. In this study, we consider results
on the ways in which scenarios related to tradimgations implemented to prevent quota
concentration influence the individual behaviourfishers/quota-owners, and the ensuing

biological and economic consequences at the stéhe dishery.

2 Model

The Tasmanian rock lobster fishery has been astessmially since 1997 using statistical
catch-at-length models to assess the state ofishery and forecast its future (Punt and
Kennedy, 1997, Frusher, 1997). The projection maddghe Tasmanian rock lobster stock
dynamics used for these assessments is descrilbathinand Kennedy (1997) and Hobdsy

al. (2005). The biological projection model runs a fldgnamic module at each period, with

periods of one or three months (three month pemedsrring during the Austral winter, from



May to October). The fleet dynamics model, coded #&RTRAN 77 procedure, works as a
function called from the biological operating madelking stock information as input and
feeding back the percentage of TAC caught for #mgod in each area.

The allocation of fishing effort of the Tasmaniasck lobster fleet is modelled using an
agent-based approach (Uchmanski and Grimm, 199@&ryEagent in the model is a quota-
owner (fishers must hold at least one quota un# oock lobster fishing licence, van Putten et
al., 2011). Agents have a geographic location (h@oet), an initial quota allocation (the

same allocation at the beginning of every fishiagsen), individual fishing efficiency and a
vessel with specific characteristic ﬁ
drawn from real data. Agents mak -

no ,-""Bé'ginn}ﬁﬁ“~~a:,

decisions on whether, where and hc Ofoa;’és
Y

much to fish under their fishing righ - :
—™ Update fishing plan || Calculate Annual fishing plan

allocation constraint. |

oy
et J
Allocate quota to months left

At the beginning of the quota seasc

T

(beginning of year on figure IV-2), eac no _—trading ~~_ @

"~~~Hgﬂlxlowedt?',---"' O

agent computes an annual fishing pl: ““+”'yes €

[

defined as the choice of a fishing activi Trade Quota %

@

for every month based on expectatio )

. Allocate spatial effort o

on economic performances of tfF v S

different activities. For every month Compute Catch E’

o

fishers can choose between fishing in Y s}

. .o .- Update bi
predefined activity or not fishing. The e +'0mass 4
non-fishing” option is chosen by agent | nextmonth no ::Eﬁ-é';f pé‘r;;a:?::,

without vessels, without quota ¢ ;yes
without a profitable fishing option. Compute split

I

Quota trading is optional in the model, «
Figure 1V-2 Structure and components of the

uota trading is allowed, agents lease . .
9 9 9 Tasmanian rock lobster fleet dynamics model.

quota in and out in an attempt tOpark grey components run for each vess

maximise their profits, otherwise theyindividually, whereas light grey modules run for the
proceed directly to the next step. Basedl! fleet simultaneously.
on the quota price, every owner decides to leasguota to catch more during profitable

months (within the legal limit of quota usage) @tgase out part of or all their quota.



Finally the model captures the fishing dynamicd. @dents fish simultaneously. The fleet

dynamics model is run at the month level. For tsteps longer than a month (three month
steps in winter), catches are removed from a loopy of the exploitable biomass at the end
of each month and the fleet dynamic model is rusethimes. Once the fleet dynamics has
run for the period, the catch split by area (prtiparof the TAC caught during the period in

each area) is computed and exported to the bi@bgrojection model.

At the beginning of each month, agents update #gdectations on catch-rates, total catch,
costs and revenue for all the remaining monthshefduota season. They base their new
expectations on the latest information on the fighend on their knowledge on seasonal
patterns of catch-rates and prices. They then eptat allocation of their quota to remaining

months to maximise their profit, go to the quotaske market if trading is allowed and finally

go fishing in the areas they have allocated effort

2.1 Rock lobster dynamics

The biological projection model forecasts possibtares of the fishery based on assumptions
regarding future growth and larval settlement.He present study, this projection model was
modified to integrate greater details regarding tibenan dimension of the fishery in an
additional fleet dynamics procedure. Here, we lyiedview the comprehensive biological
processes included in the model, and describe tbdifications implemented. The rock
lobster population is structured using 5mm sizes#a. Biological processes are allocated to
specific “periods” or time steps within the assesstrmodel. During each period, lobsters die
due to natural and fishing mortality, while migoatj growth and lobster settlement at the end
of the larval stage only occur during specific pds. Although the lobster population is
considered to be a single genetic stock around @aasmthe growth gradient in Tasmanian
waters along with the limited movement of lobstexguires the resource to be divided into
eight stock assessment areas when modelling thelgimm. In addition to these stock
assessment areas, three of these areas have labed dnto shallow and deep water to
account for the difference of lobster colour depegan the depth at which it is caught (areas

9, 10 and 11 on figure 1IV-1), which influences galiees.



2.2 Fleet dynamics

2.2.1 Fishing plan

At the beginning of the year, agents define a fighplan for the year composed of their
monthly fishing activities or “métiers”. Métiers eardefined as fishing for rock lobster in
specific locations (see the map figure IV-1 for Hreas and chapter 3, for the definition and
description of the métiers practiced in the Tasmwamock lobster fishery). In addition to the
12 métiers describing spatially explicit rock lasfishing activities, agents can also choose
not to fish for rock lobster. The initial fishinggm corresponds to what agents could do if they
were profit maximisers and not constrained by gudkee effort per month is then set a priori
the maximum number of days fishing in the métievsan, the month and for vessels of the
same size as the vessd&ased on their fishing plan, agents calculatentibathly catch they
will try to attain by leasing quota, their initidemand for quota being the difference between
their total expected catch and their quota holdingeffect, most agents will have to scale
their fishing plan down and reduce their fishindgodf during the year due to their quota

constraint.

Modelling the choice by agents among alternatigkifig activities or métiersan be based on
several alternative approaches (see van Puttem,eihaPrep). In this study, choices are
assumed to be based on the relative profitabilityalbernative activities, following the
assumption that this is the main driving factor lakpng effort allocation in this fishery

(Hilborn and Kennedy, 1992). The choice of métgsiochastic with the probability of an
agent,v, choosing a métiemnet increasing with the associated marginal prdﬁﬁj?metmy

expected during montim of yeary (expected value indicated by the hat siynThe expected

marginal profit is calculated as the differencentsin expected revenues per d&y

;met, m y?

and expected operating costs per day divided bye®pected catch for the day] day

v,met my
H ; ; . fuel < labour
(equationiV.1). Operating costs include fuel cos&, ., ., ,, labour costsC °" ., and other
i ~other
fishing costsC) 1 1 4
Sexp _ [ (~ fuel ~ labour ~ other
ﬁkg — " V,metmy (Cvmetmf-c,vmetmtc,vmetr) V.1
v,metmy H" day .

v,metmy



The expected revenu®™, is the sum of product of the expected lobsterepriPe>s™

,met m y? catm, y?
and the expected catch per market categmly,ﬁjiﬁn met m , (EQUAtion IV.2).
day = ") day 0 lobster
,met, m y_z cha,t metm Y catm Iv.2

cat

Where the sum of the expected catch per markeg@ateorresponds to the expected catch

per day (equation 1V.3).

H, =D H % V.3

v,met my v cat met m
cat

Lobsters fetch different prices depending on thearket category based on size and colour,
with plate-sized red lobsters being the most vdkiaBecause of the absence of price
monitoring per market category, lobster prices ategory are defined relative to a reference
categoryyref, and the season-specific difference between tleeerece price and the price per

category, )., , (called the “split price”) is kept constant oveetyears (see section 3.5, model

calibration, for the calculation of the price spdmd the reference price). Ex-vessel lobster
prices have also a seasonal pattern with higheeprexpected in winter and lower prices in

summer (chapter 2, Hamon et al., 2009). Agentsaa&pens of lobster price per category for

each month until the end of the yeé{;’fff;, are based on the price pattern observed for the

previous year for a reference categoef, P>, /P’ |, the price offered in the current

lobster
ef ,cur,y?

month, cur, for the reference category, and the split price for the category,, .

(equation IV.4).

Plobster P lobster

A

Pl = (LMY LAY g e OM>cur V.4
I:)ref,cur,y—l
Daily expected catches per lobster categdt ometm . @r€ related to the number of traps

on-board of vessels,, ., the number of shots per d&,, and the expected catch-rates per

traplift, U Pt (equation IV.5).

v,cat, met m \

| day — " traplift
Hv,cat, metmy” T ym 31:8 nDJ v cat met,m IV.5

The number of quota units held by an agent (ownddased in) defines the number of traps

onboard a vessell

v,m,y?

within the limits of number of traps allowed fitre vessel (defined



by the regulation in Anon, 2006). The number ofesishers can set their traps per d&y,

depends on the fishing period: in summer daysargdr and two shots are possible while in
winter a single shot per day is assumed.

Similar to lobster prices, catch-rates also dis@ageasonal pattern due to the biology of
lobsters and the regulatory framework. Catch-rateease after moult in November because
of a part of the undersized stock growing to leggz¢. However, there is a ban on the catch of

female lobsters during Austral winter (May to O&obso only the male component of the

stock is available during these months. Expectdédheates for an agentj raplit are

v,cat,met m \?

calculated by lobster category for each month uii@ end of the year using normalised

rm

catch-rates of the previous month for each métgf,T., ..., ,» the seasonal pattern from the

previous yeanJ:a"tfr;‘]etmyl/U at met s, s1@Nd the knowledge of the relative fishing efficignc

of the vessqu,Efr (equation 1V.6).

R U norm norm
U traplift — quf cat, met curl, )U cat met m-yl V.6
v,cat,met m y \" U norm .

cat,met cu-1y-1

Normalised catch-rates in a métiér, . correspond to the catch per traplift of a fisher

eat,met m y
with an efficiency of one (average efficiency obeer in the fishery). It is assumed that
agents have perfect information on other agentishemtes and fishing efficiency and that
they know exactly how to rate themselves against rist of the fishery through their

efficiency coefficient. The initialisation of catchte expectations in the model is described in

appendix C.

Only operating costs related to rock lobster fighamne taken into account in the calculation of
marginal profit, i.e. costs for fishing in otheslieries are excluded. In addition, since the

model is used to predict short-term behaviour,digests are ignored. Expected fuel costs per

day C el are calculated as the product of the current ek, P and the fuel usage

v,met m y cur,y

per dayg, ... (€quation IV.7).

X fuel — pfuel
cle pue W v met r IvV.7

v.metmy~ ' cury



The fuel usage per day depends on the size ofedseland the distancB, between the

met, m
home port of the vessel and the métier specifturig grounds (equation IV.8 and parameter
values in table VII-4 appendix E.1).

Bomem=0,[alD

.metm—

+ b) V.8

v met m

In the model the daily labour cos8"  are the sum of the crew’s wagg.e" for each of

crew

the n,™" members (the number of crew is function of theseesize, see table VII-5 appendix

E.1) and the skipper wag&" ™" (equation IV.9).

Y

X labour — JCrewcrew skippe
Cv,metm y=N Syt Sy Iv.9

Although a share system is used in the Tasmaniek labster fishery, fixed wages were

adopted in this version of the model, with thewrdleassumed to be at the opportunity cost of
working in the fishery. In reality, it appears thhe cost of leasing quota is at least partly
shared between crews and quota owners in the yisimea model assuming that quota owners
seek to maximise their profits, if labour costs amaulated using a share system with no
minimum wage, quota prices will tend to reduce, trest to be shared” (revenue minus

leasing costs) and wages will fall below the oppoaity cost of employment in the fishery

(see Guyader and Thebaud, 2001, for the effecosif sharing). The crew wage and skipper
wage are thus fixed at the level of their estimaipdortunity costs, considering an average
employment time of 170 days at sea, with a 4% as®eper year (see figure VII-2 appendix
E.1).

The other fishing cost€"!

'metm y PEM day include bait, food, ice and equipmentscésguation

IV.10; details of the calculation of equipment and costs in equations VII.11 and VII.12

appendix E.1 and values for those other costs bte t¥1l-4 appendix E.1). The monthly

~other

expected value for those cos@, ., 1, -

is taken as the average costs over the activeh®on

for the previous yearCo"®

v (assumed to be independent on the month or méggrmtion

IV.11).

Cother _ PbaitSnTV,m,y + Pfood(n’crew+ 1)+ C; + equip V.10

v.metmy Y

éother = Cother V.11

v,met m y vyl



Tasmanian rock lobster fishers tend to keep fishongtheir traditional fishing grounds
(chapter 3). In order to capture this inertia ie thodel, we assume that the probability of
allocating effort to a métier is penalised by adaev (w between 0 and 1) if the agent did
not operate in the métier the previous month orsdrae month the previous year (equation
V.12).

~ i
I—I pen _ {rlv,gmet my If met[l{ met/ ml,y me; m‘)} IV.12

,met, - S .
Y Ml .., Otherwise

This penalty captures the existence of a varietgrofers which may influence decisions to
change fishing areas, including aversion to risiowdedge of specific fishing grounds and
imperfect information of what others have achieuedther regions. Sensitivity analysis on
the level of this penalty showed that, in the mpdegents would need an expected profit at
least 40% higher to that expected from their cur(eat shown) choices to be led to change
métier. To capture this, a penalty of 0.6 is applied to expected profits in métietisen than

the previous métiers.

For each agent, each month, the expected margmétspfor all métiers are rescaled by
removing the minimum marginal profit, in order tpresad the marginal profit expectancies

and to give less weight to métiers with lower gsotequation 1V.13).

trans [ pen —min( pen V.13
met

vmmet ™~ ' 'vmetmy v met m

Based on this calculation of marginal profit, agecttoose a fishing métier for each month at

the beginning of each fishing season with the pditya for each métier to be chosen

trans
v, m, met

proportional to the normalized value of expecteafiprIl (equation IV.14). If agents do

not expect a positive marginal profit for any méiie a month, they choose the métier “no
fishing” for the month.
trans
Proh, ,(me) = S HT:;T? V.14
v, m, met
met

Every agent calculates expectations of profit faerg month-metier pairs based on personal,
seasonal and metier characteristics. The margnadit gpxpectations are then used to select a
metier for each month of the fishing season defjran annual fishing plan for each agent.

The maximum expected rent per month (short ternfitpronus leasing costs) has also been



tested as a selection factor but sensitivity amaljresults not shown) was performed and the
percentage of correct predictions was higher usmagginal profit. For each month of the

max
,met, m?

initial fishing plan, the number of fishing dayssist to the maximum number of days

spent fishing for rock lobster in the métier chogeken as the $5percentile of the number
of days observed in the métiengt month,m, and vessels of the same size as the vesseé
figure VII appendix E.2). The maximum number of slagpent fishing in a métier varies
according to the vessel size and the month. Sontiensé&n the west coast of Tasmania are
exposed to rough weather and are therefore lestiqgadale than the ones in the sheltered East

coast.

2.2.2 Monthly quota allocation

In a fishery managed with individual quotas, assigntompliance with quota restrictions,
fishers will be constrained by their quota allooatiand may need to reduce their fishing
effort if they do not have enough quota to covesirtkentire expected catch. However, the
reduction of fishing effort will not be distributdtbmogeneously throughout the year as some
months are more profitable than others. Given tieétgnaximisation assumption underlying
the model, quota owners are assumed to use theiado the most profitable way and

allocate their quota holding to months based oim thenthly expectations on profit per kg.

In assigning monthly allocation of quota, expectadrginal profits are discounted at a
monthly rate,r . A discount rate of 2.5% per month was identiti@bugh sensitivity analysis
as the rate achieving the best prediction of sedslocation of effort (equation 15).

ki
rlg

A disc — v,met,m, y
v,met my — (1+ r)m_Cu IV.15

alloc

Agents assign quote; ", in priority to the month with the highest expettiscounted

disc

marginal profit, ﬁv,metm y?

and once the expected catch for the month isredvby quota,

they allocate quota to the month with the secogtiést marginal profit, and so on. The quota
allocation to months stops when the agent hasattdcall his quota or the fishing plan is full,

whichever comes first. At the beginning of each thpragents re-assess their monthly
allocation of quota based on the quota they havatel the updated expectations of marginal



profit in the remaining months. Finally, if theeno quota assigned to the current month after
guota trading, the métier is changed into “no figfiiand the effort is set to zero.

2.2.3 Quota trade

When quota is transferable, agents lease quota autoto attempting to match their fishing
plans every month. If quota is not tradable, agskig this step and directly proceed to fish

(see figure 3). Agents will attempt to acquire &éddial quota if their expected discounted

disc

marginal profitrdse,

is higher than the expected quota prigg,"* for months for which

1 month

the quota they allocate@;,,, is lower than their expected catchio, ,

oy (the months
satisfying these conditions make the Betsee top condition in equation IV.16). Individual
quota demands are calculated as the quota needbé hgent to cover the expected catch of
all months with a higher profitability than the exqped price of quota, within the quota

aggregation limitQ"™ (equation 1V.16).

Jmonth  _ ~alloc — 7 disc quo
D (Hy e = Qiee) M ={m m> cu& Mgy, = >PaoF
mIM
Demand = ara i 2 - ” I. V.16
im mont alloc ; mont oc im
Q™ - z Hv,menm y z Qv,m,y if z (Hv,metm y ,m,y) >Q
m=1 = cur nl M

Alternatively, agents can also decide to leasegoota they have allocated to months with a
discounted marginal profit lower than the expedajedta price. Agents are assumed to be
profit maximisers and will lease out all the reniainquota, Q", in excess of the quantity

disc

needed to cover the expected catch of the montihsdicounted marginal profit§] <, .

higher than the price of quot&;",™ (months inM’, equation IV.17).

Supply = ¢"- > @ M={m e a& N, < @ V.17

,met m y v,met my
mJIM*

The quota price is set as the price maximisingetk&hange of quota. The quota price could
not be simply calculated by optimisation becausmatel and supply are discontinuous
functions of the quota price (the functions willcdease/increase by steps when all the

expected catch of a month is removed/added frondéneand/supply so the functions cannot

be derived). Instead quota pride},*, was calculated as the price maximizing the exgésan

using the iterative bisection method (Press et1£192) with a lower boundP™", set to



AUDS$0 and a higher bound®®™, set to AUD$100 (as quota price was never obseabede
AUD$25/kg). The initial quota price in this processet as the last observed quota price. For
each iteration of the bisection method, individdaimnands and supplies are calculated as
described in equations 1V.16 and IV.17, and ar@ themmed over all agents and compared.
In case of mismatch between the total demand apglsuhe quota price is changed and
demand and supply are recalculated. If the demarigher (lower) than the supply, the
guota price is set to the average of the quotapreed to calculate the demand and supply
and the upper (lower) bound. The lower (upper) lboisnthen changed to the quota price
resulting from the previous iteration. Using thedation method (equations V.18 tolV.19),
the quota price converges quickly where a soluggists. Due to the discontinuity of the
demand and supply, there may be cases where itrabéthere is no price for which demand
equals supply exactly); in such cases, iteratitmg when the difference between quota prices
of two consecutive iterations is lower than $0.0ben the mismatch between supply and

demand is lower than 100kg (equation IV.20). Thiegors then set as the last quota price

calculated.
P, = Pl V.18
% if > Demang <> Suppl)
Oi >O,Pi — 5 5 v v V.19
) + max
—L— if > Demang > Supply
Pi*=p ,P-PR,<0.010r) Demang-> Suppj}% 100 | V.20

The quota leased in on the market is then alloceteétie most profitable months first as in
2.2.2 or in case of quota leased out, removed fitwenfishing plan from the less profitable

months first.

224 Fishing

Agents in the model go fishing with expectationsoaltch-ratesﬁ and the amount

v,cat, met m y?

of quota they want to us€® . The number of days they expect to spend fisHiegquota

v,m,y*

allocation for the monthévlm,y, is related to the number of traps they have acardhdl,

v,m,y’
the number of shots they can make per dgy, and the expected catch-rates per traplift,
U (equation 1V.21).

v,cat, met m \



Qalloc
v,m,y H max
A S — If < ‘met m

Evmy=9STm, YU Iv.21
else

The effort in trap-lifts devoted to each fishin@arlivya’myy, is then calculated as the product
of the proportion of effort in the area, ., ., . based on the meétier and the region of origin
of the agent (see figure VII-5 appendix E.2), thpeeted number of days fishini,m’y, and

the number of trap-lifts per dag, T, .., (equation IV.22).

,my

L\/,a,m,yzaa metmreg ,vm§ rI,vm IVZZ

Fishing occurs once a month, for all agents atsére time. Agents have expectations on

their fishing effort and resulting catch in eaclkaihe catch of each agent is computed in

weight for each lobster size-clabsin each area as the product of efforﬂ;’aymy, vessel

efficiency, g , catchability,q, ,,, and exploitable (legal-sized) biomags,>°', in the middle

’

of the monthm, after half the catch is removed (equation IV.28e appendix D for the

calculation of B&®").

a,m,y,

— ~Eff B loi
Hv,a,m,y,l_qv qa,mL\(am e;pn?l; V.23

If catch is higher than the exploitable biomass&marea, commercial effort of all agents is
decreased in the area and reallocated to the atieas visited proportionally to the effort

planned by the agent in those areas.

The monthly level of fishing effort is decided bds® expected catch-rates. However, catch-
rates experienced by the agent may be higher aritivan expected and agents need to adapt
their behaviour. With catch-rates higher than etgmbcagents will fish for the number of days
planned and their catch will exceed the quota they assigned for the month provided that
they hold enough quota. In the case of catch tatesr than expected, agents will try to catch
the quota they allocated to the month by increashegr effort within the limit of the

maximum number of fishing days.



3 Model calibration

3.1 Agents definition and characterisation

Agents are defined in the model as the quota owatdige beginning of the first quota season,
in March 1998. Quota owners were linked to theiP8%essel through the licence and
unloading databases of DPIPWE (Department of Pyimadustries, Parks, Water and

Environment). If no vessel could be linked to atquawner in 1998, 1997 licence data were
used to link the entitlement to a vessel. Ove@®) owner-vessel couples and 12 owners

without vessels were defined for a total of 302rage

Agents were then characterised with a set of indisaFirst, agents were allocated their real
quota shares as observed in 1998. Individual dllmts ranged from 10 to 100 quota units
with most of the agents owning between 20 and Sagunits (see figure VII-7 in appendix

E.4). The twelve agents without boats held a tot&91 quota units or approximately 2% of
the TAC.

In addition, agents with a vessel were charactériseterms of their fishing activity. The

length of the vessel and the region of origin wex&racted from data available from MAST
(marine and safety Tasmania) and DPIPWE (figure8vHppendix E.5). Key features of
fishing operations were defined based on the dizkeovessel, including the number of crew

members and the maximum number of traps (see tellkésand VII-8 appendix E)

Each fishing vessel was also assigned a fishingiefity coefficient, since for the same
effort, some fishers were observed to catch maostérs than others. The fisher efficiency
coefficient was calculated as the individual dagiatfrom the average catchability using a
closed-form estimation method (Haddon, 2001). Algito higher efficiency is likely to come

from superior knowledge of the fishing grounds @nerefore vary temporally and spatially
for each fisher, a constant coefficient in spacd tme, q-' , was used per fisher (see
equation IV.24).

1 Hv,a,m,y
Eff n z IOgL GanE . gexploit

qv —e a,m,y vamy=amy V.24

Where the individual catchH

'v,a,my’!

and effort,E, , . ,, by month and area are observations

extracted from log-books and the catchability,,, and the exploitable biomasB;?', are

amy ?



estimates from the stock assessment model. Thendiséfficiency profile of the fleet is
shown in figure VII-9 (appendix E.5).

3.2  Fishing activity

Every month, agents engage in a métier. Each méea month specific spatial distribution

of effort, a

ametmregr VAIying with the region of origin of the vesseltixonstant over the
years. The distribution of effort to the areasakulated as the proportion of trap-lifts in each

area for a métier based on log-book data (seedfiglr5 in appendix E.2).

The number of fishing days for a métier during anthofor a vessel of a certain size is

constrained to a maximumg™ because technical and regulatory factors, such as

met, m»
weather/sea condition and seasonal closures, tirmitnaximum number of days that can be
spent fishing for rock lobster each month in a Bréffhe maximum number of fishing days
in a month in a métier for a vessel is thus s¢hénmodel as the 5percentile of the number
of fishing days observed in the month in the mébgla vessel of similar size for the period
1993-2008 (see figure VII-6 in appendix E.2).

3.3 Management data

TACs have been set annually since the introduaifdi Qs. The historical commercial TACs
have been used in the model while estimates oftdted recreational catch are used as
recreational TAC (see table VII-7 in appendix EBje distribution of recreational catch to
months and areas used in the model is the samleeasne used in the stock assessment
model. In addition, to recreational and commercehovals of lobsters, the model also
assumes a non-compliance effect with illegal catchstimated to be 2% of commercial
catches in all months, all areas, but illegal catkhmot accounted in fishers economic

performances.

3.4 Biological parameters

Growth by area, lobster movement, natural mortabtge and sex selectivity are set at the

values used for projections in the fishery assessni@®ardner and Ziegler, 2010). The



catchability by month and by area, the recruitm®narea and by year and the initial status of
the lobster stock (as of 1997) included in the nhade derived from the assessment model
(ran in 2009).

3.5 Economic data

Economic data includes variable costs and lobstieesa Fuel pricesP, illustrated in

my
figure VII-3 in appendix E.1, are derived from loistal fuel price data. The cost data

collected in an economic survey in 2007 are usedht® other short term costs of fishing and

held constant for all years (Gardner and Van Pu2&98). They include estimates of bait

cost per traplift, food costs per day and per persme cost per trip, gear replacement and
clothes costs per year, estimates of fuel consemmtepending on the distance and the size
of the vessel and estimates opportunity cost o’ @ed skipper for calculation of wages (see

table VII-4 and figure VII-2 in appendix E.1).

Only the average beach price per month is recobyeDPIPWE, so beach price by lobster
market category had to be estimated. Chandrapavaal €2009) have identified price

differences for lobsters depending on the shelhogl white-strawberry lobsters in waters
deeper than 40m fetching lower prices than redtéwbsfrom shallow water. In addition,

disaggregated price data for 2009 from a procesave been used to identify four lobster
size categories and price differences between ererefe market category and the other
market categories (“split prices”). Due to the laifkadditional information, season-specific

split prices per category, size and colop, .., are held constant from year to year (table VII-

6 in appendix E.1). Using the catch distributiom prrket size class estimated by the stock
assessment model and the depth of fishing as & pooxolour, the proportion of landing by
market category allowed me to approximate a timeesef lobster price per month for the

reference categonP'™*  over the 1998-2008 period (see figure VII-4 ipapdix E.1). The

ref,m,y?
reference price and the split prices are used éennttodel to calculate prices by market

category (equation IV.4).



4  Quota trading scenarios

In the current study, the model was used to siraula effect of different trade limitations on
the fishery. Based on concentration limits foundother fisheries (from no trade initially
allowed in British Columbia, Dewees, 1998, to higkiel of aggregation in the deep water
fisheries of New Zealand, Annala, 1996) and on ¢heent management of the fishery
studied, four scenarios were investigated regarthegextent to which quota aggregation is
limited in the fishery. As the model includes omiye short-term drivers of fishing activity,
the quota trading modelled in this study is exslelsi temporary quota trades or leases. The
model was used to examine the effect of limitingtquusage rather than quota holding, by

addressing four scenarios:

1. A guota management system is simulated withraristerability of individual fishing
rights. This scenario is the most extreme in tewhgreserving a strictly equitable
allocation of catch shares across fishers. Sindg antive fishers can own quota,
rationalization of the fleet is prevented becauaehequota owner can only fish their

initially allocated quota.

2. Quota transferability is implemented but quoteners are limited to using 120 quota
units. This corresponds to the actual managemeasunes implemented in the fishery for
owners possessing a single license. The numbecesfdes available in the fishery being
limited (Bradshaw, 2004), in practice very few figtore than 120 units and fewer own

more than 120 units (van Putten and Gardner, 2010);

3. Quota transferability is implemented but witmiis of owning, holding or using a
maximum of 200 quota units per year for any agdiis limit became the official

aggregation limit per licence in March 2010 (An2610a) ;

4. Quota transferability is implemented but withliented trading and use of quota by
individual fishers, which has been suggested waniékimize economic efficiency in a

fishery, as only the most efficient fishers areentpd to remain active (Anderson, 2008).

For each scenario, 100 replicates are run, andtedlenodel outputs are examined in the
following section. The effects of quota trade liatibn on the fishery are investigated through
several indicators. First, the dynamics of quogalitrg are assessed through lease price and
trade volume. In an ITQ managed fishery, quotagpisacconsidered one of the most important



indicators (Arnason, 1990, Batstone and Sharp, R0@3heory, if the market for quota is
perfect (perfect information and access to allghgicipants), the quota price represents the
assessment of the fishery from an investor’'s pofntiew (similarly to market shares) and

higher quota prices indicate that the fishery isstdered worth investing in.

Second, the social impacts of the different trachitdtions are analysed through the number
of active vessels and distribution of catch amogenés. One of the main expected effects of
allowing transferability of fishing quota is to m@ase the rate at which the fishing fleet will
be reduced in a the fishery with over-capacitywas the case for the Tasmanian rock lobster
fishery at the time of introduction of ITQs (ForddaNicol, 2001). In this fishery, the number
of active vessels has decreased by 25% in thetliimsé years after the introduction of ITQs in
1998 (chapter 2, Hamon et al., 2009). The departdréshers led to the fishery being
increasingly operated by lease dependent fishérspfer 3) while quota is mostly held by

investors (van Putten and Gardner, 2010).

Third, the economic performances of the fisherycanesidered at different level, at the level
of individuals and for the whole fishery. The ecomo efficiency of the fishery is expected to
be highest when quota are tradable without limAtsderson, 2008).

Finally, the impacts of the different trading limibns on the rock lobster stock are evaluated
through exploitable biomass. Tasmanian rock lobsége sedentary crustaceans displaying
very little movement after their settlement on sedut they display substantial spatial
variability in their growth rates (Gardner et &003, Gardner et al., 2006). As such the stock
is assessed by areas to investigate local exptwitgiGardner and Ziegler, 2010). The
simulation results are compared to results fromstbek assessment model which represents

the best available information on the rock lobgigpulation.

5 Simulation results

5.1 Economic and social effects
5.1.1 Quota trading

The annual quota price was computed as the avenagéhly price weighted by the volume
exchanged per month. From 1999 to 2002, the pficgiota increases steadily (figure IV-3),
while the volumes of quota traded on the marketeiase until 2001 (figure IV-4). This is

followed by a period during which prices decline fawo years before increasing again until



2006. The decrease in quota price observed in 2003-is due to the impacts of the severe
acute respiratory syndrome (SARS) on the markerdok lobster. SARS hit Asia in 2003
and damaged tourism in the region, entailing a dnofpbster demand in China, the main
market for Tasmanian rock lobster (Hacourt, 2003)e beach price for lobster decreased
during the SARS episode (figure VII-4 in appendit):-as a contraction in the quota market
was observed, which the model captures well. Indgedta price is highly correlated to
beach price in the model (r = 0.92; p < 0.001).
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Figure 1V-3 Average simulated quota price per year.
Quota prices are estimated for the scenarios withrdde over the period 1998-2007 compared to anecddta
knowledge of the quota price in the fishery (blacklots) found in Frusher et al. (2003) and van Putteand

Gardner (2010). Error-bars show the dispersion ofisulated results.

In the model, fishers update their expectations taade quota every month to match their
expected catch for the rest of the year. The regultimulated market is likely to display

more active trading compared to historical data. &@ample, all years the total volume of
guota units exchanged in the model is higher thanréal volume of exchanges observed in
the fishery, with larger differences observed ia ittial years following introduction of ITQs

(figure 1V-4).The higher the quota aggregation tinthe more quota units are exchanged. At
the end of the simulation period, for the 120 Quditiscenario (corresponding to the actual
limit implemented in the fishery) the number of tpanits exchanged each year is still 1.7
times higher than the real number of exchanges.sithelated volume of quota exchanged

annually, when there is no limit on aggregatiorglase to or above the total number of units



in the fishery and on average two to three timesntlimber of units actually exchanged in the

fishery.
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Figure 1V-4 Average quantity of quota exchanged peyear.
Simulation results (grey bars) are compared to olesved exchanges (black bars). Error-bars show the
dispersion of simulated results and the horizontaline indicates the total number of quota units in he
fishery (10507).

Simulated agents account for risk by discounting éxpected marginal profit for future
months, and continue leasing quota in or out utnid economically unprofitable for them to
do so. If they expect their marginal profit (or@bsnted marginal profit for the months after
the current month) to be higher than the markettajyice, they will lease quota in. In
reality, fishers probably also take some of theded costs into account causing the price they
are ready to pay for quota to be lower than sinedlgsimulated price is 30 to 50% higher
than observed prices, figure IV-3). The quantitgheanged (figure IV-4) has little impact on
the price of quota (figure IV-3), predicted at $@me level for the three scenarios with trade
in the range of scenarios examined. Agents arg figlkible, have full access to all the actors
in the market and continue fishing within the lisdf each scenario as long as it is profitable
to do so, causing simulated exchanges to be mugtehithan the actual amount of quota

trade.

5.1.2 Fleet evolution

The high simulated quota transfers (figure IV-4Jiaate that the number of active vessels in
the model was reduced to a greater degree than adbadlly occurred (figure IV-5). The



simulation results also display phases where thieeafleet increases in size (e.g. during the
SARS episode in 2003) because even if agents berw@utve for a period of time, they can

re-enter the fishery when circumstances providgfofitable fishing possibilities.
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Figure 1V-5 Number of vessels active in the fisherper year.
Active fleet predicted by simulations compared to bserved number of vessels. The vertical bars represt

the 90% dispersion of results.

The flow of agents in and out of the active fishitegt depends on the trade limit scenario,
causing different patterns of quota usage. FigWb lillustrates the evolution of catch
distribution in relation with the amount of quotarted between the implementation of quota
(1998) and the end of the simulation period tenrgdater. The “no trade” scenario is
composed of agents who do not own vessels and oarfisn (concentration of points
vertically at zero quota units fished, figure IVap and agents fishing exactly their allocation
(on the diagonal). The division of agents in twougrs can be seen both in 1998 (panel a) and
2007 (panel e) as trade is not allowed and ageatsamnstrained by their quota allocation. In
the scenarios where trade occurs, the fleet is osegpof a range of agents from investors,
fishing zero units, fishers leasing some of theiotq out (left of diagonal) to fishers who

need to lease quota to cover their catch (righhefdiagonal, panels b, c, d, f, g and h figure



IV-6). While the distribution of agents is contirugin those three categories in 1998, at the
end of the simulation period (2007), the fleeteparated in two groups: the investors, on the

zero quota unit fished vertical line and the fishéepending on quota lease on the right of the

diagonal.
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Figure 1V-6 Average distribution of fishers with regards to the quota owned and quota fished.
Results are shown for 1998 (top) and 2007 (bottomJhe diagonal line indicates the limit where fishes
fish their own allocation, on the left of the linethey lease out, on the right they lease in. The grevertical

lines correspond to the 120 quota units and 200 gteounits aggregation limits.

Considering the 120 quota unit limit scenario, feglV-7 illustrates the simulated changes in
the fishing activity of agents, grouped in termstledir initial quota allocation. Quota was
allocated on the basis of the number traps pendeand 40 traps was the maximum allowed
on a vessel prior to quota introduction (when itréased to 50), so most fishers were
allocated 40 quota units or less as initial allmegtexplaining the horizontal lines at 40 units
on the figure IV-6. The proportion of investorsaach group increases for all groups, while
the proportion of fishers with a limited to mediufishing activity (less than 100 QU)
decreases (figure IV-7). In contrast, the proportiof highly active fishers increases,
particularly in the groups owning larger quota slsamwhich would indicate a shift to larger

scale fishing operations.
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Figure 1V-7 Distribution of fishers according to their catch and quota owned for the 120 QU scenario.

Comparison of the number of fishers in in 1998 an@007

Another notable result seen in figure IV-6 is tiveaf size of fishing operations. On average,
about 40 vessels would increase their fishing dperdoeyond the 120 quota units if allowed
(limit at 200 quota units or no limit), but onlyv&n vessels would fish more than 200 quota
units if allowed. This indicates that the 120 quandt limit is constraining the fishing activity
while the 200 quota unit limit would not constraimany fishers assuming all the current

technical regulations enforced and a fleet commrshiased on that of 1998.

5.1.3 Economic performances

The profitability of agents is examined through #reual short-term individual rent (profit
minus lease costs), excluding fixed costs (seadidu-8). Agents have been divided in two
categories depending on whether they fished, “ovaperators”, or not, “investors”. Owner-

operators have an average annual rent betweenR0@nd $ 200,000 per year, lower if



trade is prohibited. The number of owner operatbosyever, is smaller in the case of trade
scenarios (about half the 1998 fleet), so on awragner-operators catch more than in the
“no trade” scenario where agents are limited byrtimitial allocation. As a result, for most

years, the average rent of owner-operator per kgbster caught is probably lower with trade
than without, due to the payment of quota leasiogt In a transferable quota system,
fishing not only pays the skipper, crew and firmnaw as in traditional fisheries, the quota
owner also gets a share through quota leasing. vEniability of owner-operators’ rent

increases with the degree of transferability oftqué&nder the scenario with no aggregation
limit, some owner-operators make twice as muchhasaverage, but some, who probably
leased in more quota than they could fish haverkents. Greater flexibility in trade appears
to come with greater risk to fishers who plan thisining season at the beginning of the year
and lease in the quota they think they will needcase of degraded economic conditions

fishers may loose money along the year by leasuwagat too high a price at the beginning

of the year.
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Figure 1V-8 Average annual rent for agents.

Rent are estimated for owner-operators (left) andrivestors (right) bars indicate 90% confidence inteval.

The rent difference between the “no trade” scenand the three scenarios with trade is
obviously more important for investors as theirtrisrdirectly proportional to the quota price
and their quota holdingand investors cannot lease their quota out in“tleetrade” case
equivalent to a quota price of zero). The intrauahrvariability of investor rent depends
mainly on the amount of units they own. The interaal variability follows the trend of



guota price as on figure IV-3, explaining the reasdy average annual rent of investors
decreased during the SARS episode. The revenuavoéreoperators declined during the
SARS episode because beach prices declined, whathol low quota price, thus mainly
affecting the rent of owner-operators in the “red&” scenario. For the scenarios with trade,

most of the lobster price declined was incurredlgstors.

On average, the simulation results suggest thatethieper kg (total rent of quota owners in
the fishery divided by total catch) is 10 to 15%Her if trade occurs (figure IV-9). This
confirms the theoretical basis of the model that fishery is more economically efficient if
quota is transferable. The difference in efficierecynainly due to lower fishing costs as quota
is transferred to the more efficient agents (figi¥ed). The average beach price is the same
for all scenarios, confirming that even if quotancd tradable, individual agents will seek the
highest return for their allocation by modifyingethfishing strategy (as seen for the fishers

staying in the fishery, chapter 3).
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Figure 1V-9 Prediction of economic indicators.

Average simulated beach price, fishing cost pre kgnd marginal rent in the fishery for the four scerarios.

5.2 Effect on the lobster stock

The historical simulated exploitable biomass issistent with the stock assessment biomass

in all areas (figure 1V-10). The “step down” obsedvin areas 6 and 9 is due to high amounts



of effort devoted to those two areas the first tygars of simulation (figure VII-10 in
appendix F). The catch rates in those two areakigher than in the rest of the fishing areas
(Gardner and Ziegler, 2010), therefore high catate rexpectations lead many agents to
choose the métiers operating in those two areascaadnassive shift of effort from area 1 to
5 and area 8 to areas 6 and 9 for that initial .yAthough the simulated effort returns to
observed levels in areas 6 and 9 from the secomad gk simulation (figure VII-10 in
appendix F), high fishing effort keeps the pressureghe local population and the deficit of
biomass is carried on throughout the simulationsrdality, various reasons such as the
weather or the accessibility to the good fishingugids probably limit the fishing effort in
areas 6 and 9.

Over the simulation period, predicted effort isawerage lower than observed in areas 4 and
5 leading to higher local biomass. Two causes cqotam this. First, the fishers typically
fishing in the northern areas come from other Aalstn States or from the northern regions
of Tasmania (see chapter 3) and most of thoserfiglisplay a lower fishing efficiency (see
figure VII-9 in appendix E.5). While those fisheggited the fishery more efficient fishers
caught the northern lobsters using less efforaaddition, lobsters in area 4 and 5 are larger
and do not fetch as high a price as in southerasar@iven that the model runs under the
assumption that all lobsters caught are retaingeinta would not target northern areas and
large lobsters as much as southern areas (seelpatuiea figure VII-11 in appendix F). The
lower simulated catch in the north leads to indreabiomass in the two areas up to 1.5 to

twice as much biomass than estimated by the aseassnodel (figure 1V-10).
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Figure 1V-10 Exploitable biomass at the beginning beach year per area.
The results for the simulated scenarios are compageto the real biomass from stock assessment. Avemag
exploitable biomass expressed in million tons caltated over 100 simulations for the scenarios. The

vertical line indicates the beginning of the simuldons in 1998.

Overall, the difference in trade allowance hagelitbfluence on the catch distribution and the
resulting biomass except that in absence of traue tfade” scenario) less efficient fishers

continue to fish their quota, increasing the efiorthe fishery.



6 Discussion

Modelling and simulations are useful tools, incnegly used by scientists and managers to
explore “what if” situations and understand thevelrs of fishers behaviour. The effects of
trade limitation on the fishery are discussed tglol) the structure of the fishery in terms of
active vessels and the involvement of quota owireffsshing activities and ii) through the
resulting economic efficiency of the fishery. Ind#en, the ability of the model to predict
fishers behaviour under the maximizing profit asptiam, is evaluated and potential

improvements of the model are suggested.

The model is used to compare different managemmasios regarding the limitations of
temporary quota trade. A scenario in which agergsaiocated quota but are not allowed to
trade is compared to three other scenarios whesamqwners can adjust their quota holding
by leasing quota in and out within the limit set tbe scenario. For two of those scenarios,
exchanges are constrained so that no agents ¢amése than 120 and 200 quota units per
year respectively. In the last scenario, exchaagesinrestricted and fishers can fish as much
as they want, provided they lease the quota cayehair catch. All the fishers of the initial
fleet (1998 fleet) still have a positive short teprofit from rock lobster fishing and can
continue fishing in 2007 (see the “no trade” caswever, when given the option to trade,
some agents stop their fishing activities and beroanvestors, leasing their quota out to
fishers with higher marginal profit. The less rigsive the quota aggregation limit, the more
quota transfers occur. Allowing the transferabiliyquota leads to the expected decline in
the number of active vessels in the fishing fleed @n increase in the profitability of the

fishery.

In reality, there are reasons for fishers leasiagisdons that are not captured by the marginal
profit equation used in the model. For example, rti@del assumes every agent to have a
perfect knowledge of the fishery, and while sometha# information is freely and easily
available to all, (e.g. beach price or fuel pricgher information like area-specific catch-rates
or quota price are probably only shared locallyisTihay have been particularly true of the
initial years after the introduction of ITQs, andriehg the time required for the market for
quotas to establish itself. In particular, the mMadsumes that all agents trade simultaneously
at a price maximizing the total volume of tradewdwoer van Putten et al. (2011) have shown
that the quota market was probably initially comgabsf many sub-markets, only developing

into a statewide market after a few years.



Other motivations limiting quota trade and keeppayticipation in the fishery high are
related to the agents’ opportunity cost of fishiBgnulated agents can fish almost the entire
year (except for technical and regulatory reasongihg the number of days fishing in some
métiers), as there is no limit on the number ofsdidney can spend at sea per year. In reality,
fishers will have families and other obligationsigéh constrain the number of days they
spend at sea. Conversely, some fishers enjoy fishgran activity and would keep some
quota even though they could get more money byrigasout. Owner-operators might also
want to keep fishing for a limited number of days pear to assess the state of the fishery
and have first-hand information on catch rates. é&Nohthe above drivers are considered in
the model, leading to a rapid decrease of the adishing fleet, the number of inactive quota
owners, and leasing of quota to more efficientdishboosting the quota market and driving
the price of quota higher. At the end of the sirtiata period, if quota is transferable the
quota-owners can be divided into two main groulps:itvestors and the owner operators who
lease quota, a trend actually observed in therygsfvan Putten and Gardner, 2010).

In the model, the overcapacity reduction happensetgction of the most efficient fishers. As
a result, the fishing effort needed to catch amiVAC is lower, reducing the fishing costs in
the fishery. The cutback of fishing costs has tvemsequences, it increases the overall
profitability of the fishery and it increases thanginal profit of fishers, driving the price of
quota higher. The predicted rent of the fisherfyigher when quota is tradable as agents with
higher marginal profit lease additional quota amh fas much as possible. Despite the
limitation of quota use, the competition betweea thost profitable agents drives the quota
price up, to the benefit of the non-fishing quoteners, the investors. It should be noted that
with a fleet that is highly reactive and completi#xible, the model predicts that an external
shock such as the one provoked by SARS on beach, psould mainly be supported by
investors as the quota price would drop followihg individual marginal profits.

The model presented in this study is purely prdfiven, agents are assumed to be profit
maximisers and indeed results suggest that Tasmaagk lobster fishers are for the main
part economic agents taking rational decision fairtfishing businessSimulations on the
first ten years of quota management allowed usotopare the model predictions with what
occurred in the fishery. The ability of the modelreproduce the reality is explored through
the difference between the 120 quota units liménseio and the actual assessment data. The
spatial distribution of catch and effort in thehiesy is well captured by the model, suggesting

that effort allocation decisions are mostly basedoonomic considerations. The differences



observed in the northern areas can be explaindtiégize structure of the landings in the
region where lobsters are larger and thus, fetdbweer beach price. Using a selectivity
allowing the discard of larger lobsters could i the attractiveness of these areas to the

observed levels.

If the spatial distribution of fishing is well caped in the model, quota trading is
overestimated with 1.7 times more quota units kédkan in reality. Agents are assumed to
keep fishing as long as it is profitable to dotberefore efficient fishers continue fishing and
aggregate quota resulting in a smaller active .flEbe distance between what agents would
do, and observations of what fishers have doneates that other drivers influence fishers
choice in terms of how much time they spend fishimgt are not captured in the cost and
earning approach to economic performance. Fishers reasons to limit the time spent at sea
that are not constrained by the measure of shon-tegofit used in the study. Fishers also
have reasons to stay active in the fishery despitat would be considered rational (e.g. to
have first hand information on the catch ratesjaddom utility model (RUM) could be used
to explore additional factors influencing agent®ichs in term of how much they fish.
Alternatively, if additional data are not availab# “inertia” variable is usually used in fleet

dynamics models to capture those drivers.

The simulated price of quota follows very closdig tbeach price of lobster, this means that
the simulated costs are low compared to what has bstimated in the literature (Ford and
Nicol (2001) suggested that fishing costs amoufte®5% to 76% of the total value landed
prior to the introduction of ITQs). The introducatiof ITQs is assumed to select the most
economically efficient fishers, lowering the ovérabsts of fishing. In the model, fishing
costs fall from about 45% of the revenue in 199&mdo about 22% of revenue in 2002 for
the scenarios “trade — 120 QU”, “trade — 200 QUd dmade — no lim”. Given that fishing
costs remain higher in the “no trade” scenario (@t85% of value landed), the decrease of
fishing costs can be related to quota transfersvever, the diminution of fishing costs is
probably overestimated in the model for two reaséinst, the simulations predict that the
most efficient fishers of the 1998 fleet remainthe fishery while the fishing fleet changed
after the introduction of ITQs and some of the madftient fishers left at the introduction of
ITQs (see chapter 3). Second, the model predietsetfficient agents concentrate most of the
catch lowering the average fishing costs. Agaimgisnodels with non-economic drivers to
predict the level of fishing for each individuasiier could improve the predictions and would

be expected to drive fishing costs higher.



7 Conclusion

The aim of this study was to develop and use a hmod@avestigate the effects of changing
the quota trading limitation in a fishery under B.Qr'he agent-based model captures the
short-term behaviour of the Tasmanian rock lobgteet combining individual effort
allocation and quota trading. The fleet dynamicslehaeveloped for this study assumes that
guota owners are economic agents whose goal isatonmeze the profit they draw from the
fishery. Although fleet dynamics models at the tflee vessel group level successfully
captured the spatial dynamics of fishing alloca{iBnos and Rijnsdorp, 2007), an individual-

based approach has been used in this study toreaptidynamics of quota trading.

The simulation results suggest that the reductionvercapacity would not have occurred,
were the individual quotas not transferable. Theehscenarios allowing quota lease give
similar results although the number of vessels ipted to remain active in the fishery is
higher for the case of 120 quota unit limitatiomsl dhe profitability lower. The differences
predicted in terms of number of active vessels qmata exchanged between the 200 quota
units limit and the no aggregation limit scenaraws very limited. Indeed, of the total fleet,
about 12% of vessels would fish more than 120 umiten allowed whereas only about 1%
would fish more than 200 quota units. This sugg#ss unlike the 120 units limit, the 200
guota units limit would not restrict the fishingtiatty with other current regulations applied
(e.g. the cap on traps onboard). The limit on qholding has been efficient in preventing the
concentration of quota into the hand of investanike what has been observed in other
fisheries (Hamon et al., 2009), but the result®wf study suggest that limiting the use of
quota to 120 units per license may have constrdiisbthg activity below optimum levels.
Although the real fishery has not been as readidhe simulated fishery, and the recent
pressure from the industry resulting in an increafstne limitation up to 200 quota units per
license tends to confirm the findings (Anon, 2010a)

The fleet is composed of agents with individualreleteristics and a quota allocation based
on real data. Expectations of catch-rates in tfferdnt métiers are initially drawn from log-
book data and updated by fishers on a monthly lisied on their “previous experience” in
the model. The fleet dynamic model is integratethwine biological model of the fishery
developed for the southern rock lobster fisherfgn( and Kennedy, 1997, Hobday et al.,
2005) using a feedback loop between the lobstekstod the fishing fleet at the period level

(one to three months).The dimension at which bigkdgorocesses are simulated is fixed by



the biological model and some assumptions have lpeade to obtain suitable data to
initialise the fleet dynamics (see description amgtussion of initialisation in appendix C).
The high expected catchabilities in some Westegasacreates instability at the beginning of
the simulation period and the model predicts at stieffort towards the western areas due to
high catch rates expectations. Despite this imsadlon driven shift, the profit-driven
behavioural model of fishing allocation and quatalé reproduces the reality well in terms of
spatial effort allocation, catch and effect on thielogical stock. The results suggest that
fishing effort distribution is primarily driven bgconomic considerations. Apart from the shift
of catches from northern areas to deep water effwhst coast, simulation results in all the
other areas are remarkably close to what was &ctladerved over the study period.

The model simulations suggest that if quota owmad been purely profit driven, the fleet
would have decreased more than the observed razatan. The simulated fishery is much
more reactive than what has been observed. Thengism that decisions are based on profit
expectations appears valid for the spatial allocatif fishing, but the difference between the
sizes of the simulated and real fleet suggestdtiar factors drive fishers decisions to keep
fishing or not. Fishers in King Island have traglially complemented their fishing activity
with a farming activity (Williamson et al., 1998)he double activity may explain why those
fishers kept fishing part of the year. Additionalipany fishers would have retired from
fishing during the 10 years period (due to the ggmnofile of the fishing population, see
Frusher et al., 2003). Data on those factors wetavailable or the coverage was insufficient
to be used for the whole fleet and further rese@aeeded to identify the macro economic

drivers of quota trading.

Reliable economic data is notoriously hard to ae@sl when it is available it is often too
aggregated to be used in economic studies. Fosthdy, landings and beach prices should
have ideally been disaggregated by market categugta lease price recorded since the
introduction of quota and variable and fixed cadtfishing monitored regularly (instead of a
single economic survey). In addition, an exhaussutely of the economic situation of the
fishery prior to the introduction of ITQs would pide a baseline to evaluate the evolution of
the fishery. The use and need of biological dataageess the state of a fishery is long
recognised by managers, when it comes to econoat& lidbwever, the need becomes less
obvious. Confidentiality issues are often citedaagifficulty to obtain such data but in the
Tasmanian rock lobster fishery, managers were wateaof the scientific value of economic

indicators and collection of economic data wasamisaged.



Modelling fisher’s behaviour is a challenging tdsk it seems that assuming that fishers take
rational decisions based on profit expectations good starting point. To capture the quota
trading and the evolution of the fishing fleet, aidthal information on the opportunity costs
of fishing and personal characteristics would bedeel. A maximum number of days at sea
per year could be implemented in the model to lianiificially the individual activity but a
more interesting way to capture the drivers of guadding decisions would be to use discrete
choice models such as random utility models to stigate the effect of fishers age, weather
conditions and additional factors believed to hawempact on the fishers activity. The model
predicted a response from the fishery to the eateoonomic shock of SARS in 2003-2004.
The simulations suggested that the drop in beante peading to a diminution of fishers
profits was mainly absorbed by non-fishing agemtsestors). Although this did not happen
in the fishery, as fishers and investors did nqteexed the crisis to last, the simulation results
indicate that quota price is sensitive to pertudoat modifying the profitability of the fishery
and that change in quota price impacts greatenwgstors than on fishers. The model will be
used to investigate the response of the fishegutd perturbations affecting catch rates such

as climate change (Pecl et al., 2009) in chapter 5.
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Abstract:

Fisher's behaviour is increasingly integrated indels used to predict the spatial and
temporal allocation of fishing fleet. In this cheptthe responses of three models of fleet
behaviour to external perturbations are investajaldhe models vary in complexity from a
simple model with constant allocation of catchime and space, to a model assuming linear
projection of the spatial distribution of catch dading on regional biomasses and to an agent
based model where every fisher chooses their gibocaf fishing effort based on economic
consideration and interact with the other quota e@wnon quota trading market.
Environmental and economic perturbations are agpie the fishery. The simulations show
that accounting for the dynamics of the fleet isassary when long-term disturbances are
expected. The environmental disturbance was captbah by the model using linear
projections function of biomass and the agent-basedel. In addition, the agent based
model responded to economic perturbations and atlave investigation of additional socio-

economic aspects of the fishery.



1 Introduction

The management of fisheries is complex. As no tlimeasurements of the size of the
exploited stocks are available, scientists uset afsmathematical tools to estimate the stock
state and calculate the proportion that can sustginbe harvested (see Haddon, 2001 for
details). Forecasting possible futures for a figherust take into account this complexity, to
adequately support the selection of managementuresa®y including external ecological
and economic perturbations which may affect theadyins of the fishery, and the response of
fishers. Integrating explicitly the human dimensiarfisheries advice through fleet dynamic
models has been advocated by scientists for owverdeecades (Hilborn, 1985, Branch et al.,
2006). Mostly, these models are used to try andtipate the behavioural response of fishers
to the introduction of new management measuress(lRRo@l., 2010), but they can also be
useful to predict the effect of other perturbationdisheries (Soulie and Thebaud, 2006).

Individual transferable quotas (ITQ) were introddice the Tasmanian rock lobster fishery in
1998 following concerns for the sustainability dfetresource (Ford, 2001b). Since the
introduction, the stock has rebuilt, catch ratesehancreased and the overall economic
performance of the fishery has improved (chaptan@ Hamon et al., 2009). Several factors
contributed to the recovery of the fishery inclugliseveral years of good recruitment
combined with the establishment of a total allowatdhtch (TAC) set at a sustainable level.
However, since 2008 catch rates have been declb@oguse of poor recruitment around the
island (Gardner and Ziegler, 2010, Linnane et2010) and a management plan has been
advised and partially adopted for the next few geathich includes cuts in the TAC. Climate
change has been identified as the probable cauigealecline in recruitment but the long
term effects of climate change and the future @f fishery remain uncertain (Pecl et al.,
2009).

In addition to environmental pressures, the Tasamarock lobster fishery is also subjected to
economic constraints. Most of Tasmanian rock lob&eexported live to China and the
industry relies entirely on this sole customer try their lobster (Bradshaw, 2004). In 2003,
the severe acute respiratory syndrome (SARS) cakbire Asia caused the lobster price to
drop suddenly in Tasmania, only to recover moraher] Since the SARS episode, fishers are

aware they should diversify their sale and finceraative markets like Europe or North



America but China has been the best buyer and Traamarocessors persist on mainly
shipping lobsters live to China (fish@ers. comn).

Pecl et al. (2009) studied the potential effectsclhate change on the Tasmanian rock
lobster fishery and identified certain limitatiotes their study. In particular, they suggested
that the response of the fishing industry to thedification of the structure of the stock
should be investigated by including fisher behawimua bio-economic model. The current
study addresses this gap of knowledge and aims@eérstanding better the response of
fishers to perturbations such as those which caulske from climate change. The current
study uses simulations to investigate scenariaxternal perturbations on the biology of the
stock and on the lobster market using three diffefieet dynamic models varying in
complexity. We compare the projection results avppus modelling attempts with a new
agent-based model of fisher behaviour developetiapter 4.

2 Models

The model presented in this study is based on aeldeveloped for the southern rock
lobster,Jasus edwardsiifisheries (Punt and Kennedy, 1997, Punt et 8971 Hobday and
Punt, 2001, Punt et al., 2006, Hobday and Punt9R0the model is now used for projecting
the stock assessment into the future (Gardner @gleZ, 2010) and runs for periods shorter
than a year, with ecological processes and humawites modifying fishing stock at each
period. The effect of the commercial fishing fleetthe rock lobster stock is modeled through
fleet dynamics models that are integrated intolindogical projection model at each time
step. The pre-existing fleet dynamics model is usetio forms in the current study, one
form includes a constant spatio-temporal distrdruif catch (static) and the other allows for
movement of the fleet to follow the biomass (seel Beal., 2009 for details). In addition to
the pre-existing model, an agent based model binfisallocation and quota trading has been

developed for this study (see chapter 4).

2.1 Dynamics of the Tasmanian rock lobster populati  on

For the Tasmanian rock lobster fishery, biologyisdelled at the period level corresponding

to time steps of one to three months. Three moetiogs are used in Austral winter when



less data are available (figure V-1). At each pkribie size-structured stock is modified in
each of the 11 fishing areas composing the Tasmdishing zone (see chapter 4 for the
fishing areas). While natural and fishing mortaktiaffect the stock during each period, other
biological processes including movement of lobstegsveen areas, growth and settlement,

only happen during specific periods (figure V-2).
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Figure V-1 Definition of the periods for which themodel runs.
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Figure V-2 Sequence of events happening to the rotdbster stock.
Events occur in each area, some at each period ethfor specific periods only. M* is the period speific

natural mortality.

Natural mortality is commonly difficult to estimatk this model, the total natural mortality
Is set constant to 0.1 for all sizes and was estidhasing tag-recapture data (Punt and
Kennedy, 1997). The natural mortality is then disited evenly throughout the year in
proportion to the length of the period. The fishimgrtality per area and period depends on
the fishing allocation of recreational, commer@al illegal catches. Recreational fishing is
regulated by a total allowable recreational caithRC). The TARC is set to 170 tonnes per
year if the total allowable catch (commercial aadreational catch) is less than 1700 tonnes.
If the TAC is higher than 1700 tonnes the TARCast® 10% of the TAC (Anon, 2006). In
practice, the TARC is not enforced even thoughTtA€C was reduced in recent years. The
latest estimates derived from surveys placed tbheeational catch at 135 tonnes during the

2006-2007 fishing season and the seven precediagoss (Lyle, 2008). In the model,



recreational catch, by period and area, is defased fixed proportion of a total recreational
catch set at 150 tonnes a year. The allocatiorowinaercial catch is defined as a percentage
of the TACC per area and period calculated by et ft/namics model (see next section for
the fleet dynamic models used). Given the lacknédrimation on illegal fishing, an arbitrary

value of 2% of commercial catch in each area amidgés applied.

Selectivity and vulnerability are used in the model determine how the catches are
distributed over sizes and sexes of lobsters. Tioadilly, selectivity relates to gear selection
depending mainly on animal size. In Tasmania, tobkter fishers use traps with escapement
gaps for juveniles. Fishers must adhere to thermim legal size of 105mm carapace length
for females and 110mm for males (Anon, 2006). Thar gelectivity used in the Tasmanian
rock lobster model is represented by a truncatgtic function (figure V-3) and despite the
use of different gears in the recreational fish¢rg. diving, ring nets and traps) the same
selectivity is applied to recreational commerciaballegal catches because of a lack of
information. Vulnerability is defined as the relegiavailability of female compared to male
lobsters. Males are vulnerable throughout the riglgeason while there is a ban on female
catch from May to October. Additionally, a largenmoer of females are already carrying eggs
in April and these females must be returned tosttee (Anon, 2006) so vulnerability is set at
0.5 for females during April. Catchability is petiand area specific but constant from year to
year and is derived by the stock assessment mGaetier and Ziegler, 2010, Ziegler et al.,
2003).
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Figure V-3 Selectivity of rock lobster fishing traps in the Tasmanian fishery for males and females.



Southern rock lobster is essentially a rocky reetlter and seldom ventures onto sandy
bottoms (Winstanley, 1973). Gardner et al. (2008)wsed that no long-distance movement
has been detected in Tasmania Jasus edwardsiiRock lobsters show a high site-fidelity

although tag recapture data have shown minor iesbffshore movements between areas 6-
9, 7-10 and 8-11. These are estimated as a propoofi lobsters of one area moving to

another at the beginning of each year.

There is no stock-recruitment relationship avaéatdr the southern rock lobster stocks but
the estimated recruitment is the combination of amerage recruitment and an annual
deviation that can depend on external factors @menet al., 2010). Growth of lobsters is
modelled using transition matrices between 5mm siasses (Punt et al., 1997, McGarvey
and Feenstra, 2001). As both settlement and groatds are believed to be affected by
climate change in Tasmanian waters, temperatureraigmt growth rates and settlement were

implemented in the model (Pecl et al., 2009).

2.2  Fleet dynamic models

The fleet dynamics component of the model defihesspatio-temporal distribution of lobster
catch. The three fleet dynamic models used ingtudy vary in terms of model complexity
and range from a constant model (FDO) to a lineadehfunction of the local biomass (FD1,
used in Pecl et al., 2009) and to a model explicgpresenting individual fishers and quota

owners using the agent based modelling approach,(&€fined in chapter 4 and table V-1).

Table V-1 Brief description of the fleet dynamic madels.

Model Description Modelling approach Catch allocaton based on Type
FDO Static model Constant catch « Historical catch distribution Deterministic
distribution pattern
FD1 Simple dynamic Linear regression e Historical catch distribution Deterministic
model pattern

e Local exploitable biomass

FD2 Complex Agent based model of « Economic data (costs, ex-vessébtochastic
dynamic model effort allocation and price)
quota trading » Individual characteristics
(vessel size, quota holding, fishing
efficiency)

« Catch-rates previously achieved




More complex models require more data for calibrgtmore time to develop and to run but
the loss in simplicity is balanced by the additianéormation obtained in the simulations and
the possibility to investigate more complex scesgariModel FDO assumes the fishing fleet
keeps the same fishing pattern from one year toéxé in proportion to the TACC in yegr

regardless of ecological and economic perturbat{egsiation V.1). This relies on a strong
assumption that the fleet remains unchanged andinthgiduals demonstrate the same

behaviour across years. The constant proportigns, are calculated as the average catch

distribution by area/period between 1997 and 2006.

Hapy =0, JACC, V.1

The fishing effort per period and per arég, used to calculate fishing costs is calculated

Py’

loit

from the catch and the exploitable biomd&g" in areaa at the start of period of yeary

by assuming constant period and area specific hiies g, , (equation V.2).

H
= q ang:)/Ion V.2
a, p

apy

a,p,y

Model FD1 is slightly more complex (equation V.8apated from Pecl et al., 2009). Although
the seasonal distribution of the catch is fixedhwat constant share of TACC caught per

period, A, , the spatial allocation within a perio@, is a function of constants and of the

apy’

exploitable biomas8”°" (equations V.4 and V.5, from Pecl et al., 2009).

a,p,y
—)IpPa 2 TACC, V.3
a, m/ d py V4
alA
whereY, , . is given by:
InY, ,, =0, ,+B. pBe;p;"'y‘ V.5

FD1 assumes that fishers are only driven by exdecach rates through perfect knowledge
of the levels of biomass. The effort needed to wapthe catch is calculated in the same way
as for FDO (equation V.2). In simulation runs witB1, the fishery is expected to respond to
perturbations affecting the fishing stock but rothanges in the economic conditions under

which the fleet operates.



Finally, FD2 integrates the key set of factors whdrive the fisher decision process. The
choices of fishing allocation and quota trading laamsed on expected marginal profit (chapter
4). Expected marginal profit for each vessel andtimalepend on vessel specific costs and
fishing efficiency, catch rates and cost of fishper area and price of lobster. Therefore, in
addition to ecological perturbations detected thloagatch rates, economic changes (e.g. in
fishing costs, in the demand and price by lobsé¢egory, in the beach price seasonality) will

also trigger responses from the fishery in the Riel.

2.3 Data and model calibration

231 Data

Similar to chapter 4, agents in model FD2 are @efias the quota owners at the beginning of
the first quota season of the simulation periodylarch 2007 (quota seasons are from March
to February of the following year). Quota ownergeviinked to a vessel through the licence
and unloading databases of DPIPWE (Department iofidPy Industries, Parks, Water and
Environment). Overall, 216 owner-operators andrié@stors (quota owners without vessels)
were defined for a total of 292 agents. Agents wadlecated their actual quota shares as
observed in 2007. Individual allocations rangedrirt to 172 quota units with most of the
agents owning between 10 and 50 quota units (a4t of owners). The 76 agents without
boats held a total of 2203 quota units or approt@ge?20% of the TAC. In addition, agents
with a vessel were described with additional charéstics (see chapter 4 for the list of
characteristics included in the model and chapttar 3he evolution of those characteristics
between 1998 and 2007). The biological parametarsock lobster stock dynamics used in
the current study were the same as in chapter dpéxbat the initial status of the stock was
taken as of 2006.

Economic data include variable costs and lobsteegr Fuel prices, illustrated in figure 4, are
derived from historical fuel price data at the ntontlevel since 2006

(www.fuelwatch.wa.gov.al/and the future projected prices (dashed lineiguré V-4) were

extracted from the northern prawn fishery regioasdessment group report (Anon., 2010).
The projected prices represent the best estimétée average future behaviour of the system
excluding all variability. Other costs were extetfrom Gardner and van Putten (2008) and
most are held constant for all years except foolalzost for an annual increase is assumed,
as explained in chapter 4. These include fishingtssdabour costs and gear maintenance



costs (see appendix E.1). In the FD2 model, castsl@pendent on both the choice of fishing
location and time and on the fisher operating @llation with vessel size and port of origin).
In the models FDO and FD1, the fleet is not exfialescribed so cost estimates are less
precise and are only used to output economic itmlisaPeriod- and area-specific costs per
traplift are defined and multiplied by an annuakndl factor (fishing costs per traplift
estimated for Pecl et al., 2009). In order to abtaamparable model outputs, the cost per
traplift by area and period used in the models DA FD1 is multiplied by an annual trend

(equation V.6).

Ctraplift - T;ost Ctraplift V.6

a,p,y a p 2007

The cost multiplier,T*¥, is defined as the combination of projected cesth the relative

importance of each determined from Ford and Ni¢2@01). Fuel costs account for 5% of
fishing costs and labour for 65%, the rest of fightosts (30% including gear maintenance,

bait, food, ice) are assumed constant over thelatroo period . The cost factor representing

the annual trend in cost ;"S‘, is calculated as follow:

T°%=0.30+ 0.0, "'+ 0.65,°

Where T, and T, represent annual fuel price (as on figure 4) anpodpnity costs of

fishing (with a 4% increase per year, see chaptir £stimates of labour costs) relative to
2007.

Beach prices are defined per month and lobstegeosés (by size and colour — see chapter
4). The price for each category is defined relatosa reference category. Different scenarios
for the projection of prices are considered (setic@e 2.4). The month specific split prices for
each category are kept constant, which reflectasisemption that the structure of demand by
size and colour remains unchanged over time, atirigmrices for rock lobster are demand

driven (see chapter 4).
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Figure V-4 Fuel prices at the month level.

Prices are expressed in cents/L (based on fuel peiscenario in Anon., 2010).

2.3.2 Management plan

Since ITQ were introduced in 1998, a TAC is setrgwgear. A committee composed of
scientists, managers, fishers and processors beie advice to the ministry based on a
scientific assessment of the fishery. Due to deslim catch rates since 2008, management
actions have been demanded by the fishing induatrpanagement plan is being considered
including the reduction of the commercial TAC bui ohange in the recreational catch
allowance (Anon, 2010b). The currently agreed mamamt plan consists of drastic cuts in
the commercial TAC over a 4 year period from 200212 (see figure V-5 for the TACC).
The TACCs after 2010 have not been voted at the dbimwriting this thesis (Anon, 2010b).
The other technical measures enforced by regulatiolude a maximum number of traps
onboard vessels, strict trap design, seasonalrelasuOctober and ban on females from May
to September (Anon, 2006). In addition, followingntand from the industry, the quota
holding and use limit has been increased from @00 quota units per licence in the
2010/11 fishing season (Anon, 2010a).
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Figure V-5 Projected commercial TAC between 2007 ah2016.

The values after 2010 have not been officially appwed.

2.4 Scenarios

Three fleet dynamic models are used to investigeg@arios of exogenous perturbations. The
Tasmanian rock lobster fishery is subjected to maomstraints on which stakeholders have
no influence. In particular, environmental pertuitxas have recently led to lower recruitment
in the fishery (Linnane et al., 2010). Although thract causes of reduced recruitment
episodes is unclear, the change in regional cuneiuced by global climate change is the
probable cause (Pecl et al., 2009). Climate chémgaifested by water temperature) is likely
to affect the settlement of juveniles and the glovates of settled lobsters. The settlement of
juvenile lobsters would be negatively impacted byircrease in sea temperature whereas
growth rates would increase with water temperatdovever, the recruitment predictions are
based on extrapolations beyond the range of avait#dta, which is fairly restricted, and the
prediction of recruitment based on future tempeestubeyond the range observed in
Tasmania may not be accurate. The future of thefisis therefore investigated according to

2 scenarios (see table V-2) :

« C1 - Climate change effect: increase of growths;atlecrease of recruitment (the most

likely)
* C2 - No effect of climate change (using the averageuitment of 2007-2009)

The area specific temperatures used for projectoadased on the Intergovernmental Panel

on Climate Change (IPCC) emission scenarios AlBh wownscaled data from a suite of



nine global climate models accessed using a CStR0OQzClim for Oceans (as in Pecl et al.,
2009).

The Tasmanian rock lobster fishery is a price taket beach prices are driven by the Chinese
market and the exchange rate (Hamon, 2008). Oeepdist two decades the beach price of
rock lobster has changed dramatically in Tasmanainly influenced by the development of
exports to the Chinese market (chapter 2, Hama. e2009). The Tasmanian rock lobster
price varies both inter-annually and seasonallyesehtwo sources of price variation are
captured in the definition of scenarios. The his@drinter-annual trend and seasonal pattern
of lobster price are investigated using the HodRec&scott filter (Hodrick and Prescott, 1997
as used in chapter 2). To extend the Hodrick-Ptesater-annual trend two scenarios are
explored, an increasing trend at the same ratbeofast eight months of data (about $2 per
year, dotted line figure V-6) and a constant patéhe level of the last available data point (in
April 2010, dashed line on figure V-6).

2005 20310 2015

date
Figure V-6 Predicted price trends for rock lobsterfor the period 2010-2017.
The full line is the observed historical trend esthated by Hodrick-Prescott filter, the dashed line $ the
constant trend at the level of 2010 and the dottetine considers an increase trend equal to the rate

observed for the last 8 months of the Hodrick-Presatt trend on historical data.

The seasonal price pattern was extracted as thke ®fc the Hodrick-Prescott filter.
Traditionally, the price is higher in winter andcdeases in the Austral summer (November to
March see full line figure V-7). However, since th@08-2009 fishing season, the decline in

summer has been reduced. This is supposedly dtletdecline in the Western Australian



(WA) rock lobster fishery. For years, the WA rodbster fishery dominated the Australian
production of rock lobster with about 65% of Austma rock lobsters (ABARE, 2008). The

decline in the WA fishery led to a change in seakgattern, where price for southern rock
lobster did not drop as much as expected in suniNogember — March (dashed line figure
V-7).
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Figure V-7 Seasonality estimates for the lobster lagh price.
The seasonality is estimated as the average cyclamponent of the Hodrick Prescott filter. The solidline
corresponds to the 2005-2007 period and dashed liteethe 2008-2010 period.

The four price scenarios envisaged combine assangptn the inter-annual trend and on the

seasonal pattern of beach prices:

* P1 - using the 2008-2010 seasonal pattern of pvitte the increasing trend (this is the

most likely scenario).

e P2 - Historical seasonal pattern (2005-2007) +eiasing trend
e P3-2008-2010 seasonal pattern, constant trend

* P4 -2005-2007 seasonal pattern, constant trend.

The three available fleet dynamic models are ueedssess the five scenarios presented in
table V-2 over a 10 years period (2007-2016) usi@geplicates of each run. The period of
simulation may seem short to evaluate the evolutibthe fishery with regard to long term
changes such as climate change but the agent baeddl focuses on the short term

behavioural response of the fishing fleet and ptexhis about the economics of the fishery



(e.g. input and output prices, production functiemchange rates) become quite difficult

beyond 10 years.

Table V-2 Scenarios description.
Climate change scenarios: Cl= effect of temperaturen recruitment and growth rates, C2= no effect of
temperature; Beach price: Pl=increasing trend & 208-10 seasonality, P2= increasing trend & 2005-07

seasonality, P3= no trend & 2008-10 seasonality, Pfo trend & 2005-2007 seasonality.

Climate Change Beach Price

C1 c2 P1 P2 P3 P4
Scenario 1 X X
Scenario 2 X X
Scenario 3 X X
Scenario 4 X X
Scenario 5 X X

2.5 Evaluation of the fishery performances

The sustainability of the fishery is assessed dhntlmough a set of variables that compared
performances measures against trigger points (@armd Ziegler, 2010). Indicators of the
stock status include the regional and statewidel Isge biomass, and egg production, and
indicators of the commercial and recreational sectf the fishery include regional and
overall commercial catch rates, size of the flewt total commercial catch. Even though the
Tasmanian rock lobster fishery harvests a singlekstthe use of trigger points by area is
justified by the low level of movement between areand the different growth rates
depending on latitude (Gardner et al., 2003, Gardhal., 2006). Initially, the trigger points
were defined as the worst state ever observedhé&obibmass, egg production and catch rates,
220 active vessels for the minimum size of thetfle@out 2/3 of the original fleet),
commercial catch of 95% of the TACC (insuring fareatrictive TACC) and the recreational
catch of 10% of the TACC (Frusher, 1997). Howevbke latest fishery assessment report
presents a new set of reference points definedeaktvest values observed for the variables
of interest since the quota management systemnteluced in 1998 (Gardner and Ziegler,
2010). In the current study, only the values ofilegjze biomass, egg production (estimated

by the biomass of mature females) and catch ra¢es kept for the evaluation (see tableV-3).



In addition to the official trigger points, econamindicators were determined from the model
outputs. Fishery revenue was calculated as theualize landed (sum of product of the catch
by month and fishing category times the beach focdhat category and that month). The
costs of fishing include only variable costs (lahowel, gear maintenance) such that the

fishery profit estimated by the model is the anralnart-term profit.

Table V-3 Fishery performance indicators.

Trigger points are adapted from Gardner and Ziegler(2010).

Indicator Trigger point Reference year = lowest sine 1998
Regional legal size  Minimum exploitable biomass by area 1998 for areas 1-4, 9-10; 1999 for 7-8;
biomass since 1998 2000 for 11; 2001 for 6; 2006 for 5
Statewide legal size  Minimum of total exploitable biomass 1998

biomass since 1998

Regional egg Minimum spawning biomass by area sincd&998 for areas 1-4,11; 1999 for 8; 2001 for
production 1998 7,10; 2006 for 5-6, 9

Statewide egg Minimum of total spawning biomass sincel998

production 1998

Regional catch rates Minimum catch rates by arez <998 1998 for areas 2-5, 9; 1999 for 1; 2@00 f
7-8, 11; 2001 for 10; 2006 for 6

Statewide catch rates Minimum of total catch ratese 1998 1998

3 Results

3.1 Climate change

The response of the fishing fleet to the differemtironmental conditions in Scenarios 1 and
2 is investigated with the three fleet dynamics etedFDO which assumes the fishing fleet
has a constant distribution of catch (not effod) prea and period, FD1 which assumes the
fishing fleet follows the biomass and adapts thatiapallocation of catch accordingly, and
FD2 which captures the fishing fleet response ®edhvironmental changes by adjusting its
fishing effort in time and space. The spatial adkoen of fishing effort shows that the fleets
respond differently to environmental pressuresufigV-8) which can be explain by the
exploitable biomass by area (figure V-9) but alad aainly by the assumptions driving the
fleet dynamics models. For models FDO and FD1 fish#ocate catch to areas and then input

the effort needed to obtain the catch (figure V-ddjle in FD2 fishers choose their fishing



effort and the resulting catch depends on the bésnaad on how much effort is applied by

other fishers.

Fishing effort is distributed differently among aseaccording to the fleet dynamics model
used (figure V-8). The FDO fleet allocates a lotreneffort in northern areas and less in the
south compared to the FD1 or FD2 fleets. The etibRDO and FD1 fleets can be compared
because the catchability is the same for both nsodlile the effort is usually lower with
FD2 as only the most efficient agents remain activehe fleet improving the average
catchability of the FD2 fleet. The different modeégpture the observations to varying degrees
in the different areas (i.e. the black dots onrggW-8 are closer to the model predictions of
different models in different areas). FD1 predictiare the closest to what happened in 2007
and 2008 in the north (areas 4 and 5), on thed&ast (areas 2 and 3) and in deep water (area
9) whereas FD2 predictions are closer on the Wasttq(areas 6 and 7). All models perform
equally poorly in areas 1 and 8 in the south andalygwell in areas 10 and 11 (deep south-
western areas). This probably means that therspatgally heterogeneous constraints that are
not explicitly captured in the models, FD1 and F®&ich influence the extent to which
fleets respond. The overestimations of effort ieaa® by FD2 model seem to result from a
shift of effort from areas 1, 2, 3, 4, 5 and 8. Twer-prediction of regional effort in model
FD2 could be due to real-life constraints not ideld in the model (e.g. weather constraint
and sea condition), while the under-predictionsf@drt in the areas close to shore can be due
to the exit of less efficient fishers who used &bcb close to their home port. With the less
efficient agents becoming non-active, the remairaggnts needed less effort to catch the
same amount of lobster on the East coast (areasl B an figure 8 for effort and 10 for

catch).
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Figure V-8 Average simulated effort per year per aea.
Effort in trap-lifts for the three fleet dynamics models with (red lines) or without (blue lines) clinate
change for the period 2007-2016. Black dots reprasethe latest observations. It should be noted thathe
y-axis scale is different for area 5 (0 to 1500) owpared to the other areas (0 to 500).

The models predict different reactions of the fleztclimate change (C1, red lines). The
dynamic models (FD1 and FD2) predict more fishimghie south and less in the north when
climate change impacts the stock (C1) while the Ra@lel predicts the opposite pattern. The
climate change scenario (C1) is based on the assmmimat the warming of sea water
temperature will entail an increase of the grovate rof lobsters but reduce the settlement of
post-larvae and therefore the recruitment of laissie the fishery (Pecl et al., 2009) whereas
scenario C2 assumes that the growth rates anditreend will remain consistent with
historical levels. Climate change does not have shme effect on each region. The
contrasting effects of climate change on biomasw&dxn the north and the south is observed



in the simulation results (figure V-9). Regardlesfsthe fleet dynamics model used, the
biomass is higher with climate change in the saritl lower in the north. In the northern
warmer waters of Tasmania (areas 4 and 5), thetgrmate of lobster has always been higher
than in the south where water is colder (Gardnerlgt2006). In the north, the lower
settlement of juvenile lobsters is already obsewgdishers, whereas the increase in growth
rate has resulted in increased profitability froncreased catch rates in southern regions.
(areas 1, 8 and 11) as an increased proportioheofarge undersized biomass attains legal
size (Gardner and Ziegler, 2010).
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Figure V-9 Average exploitable biomass per year pearea.
Exploitable biomass estimated as of the 1st Januayf each year for the three fleet dynamics modelsith

(red lines) or without climate change (blue linesfor the period 2007-2016.



Although the effect of climate change on the lobamimass is consistent for all the fleet
dynamic models (higher biomass in the south, lonweahe north), the differences observed
between the models come from the different degtbaes fleets adapt to their changing
environment by modifying their fishing practicesherl distance between the C1 and C2
biomass is greater when the fleet does not addpd)(Eompared to when the fishing fleet
adapts its spatial allocation to follow the biom#&®1 and FD2). By adapting its fishing
allocation the fleet reduces the effects of clin@tange on local biomass. It should be noted
that the lack of new recruits due to climate changeld eventually negatively affect the
biomass in the south of the state when the poaindkrsized rock lobsters is exhausted but
the period of study is too short for this to oc(Recl et al., 2009).

While, by definition, the non-adaptive fleet of th0 model keeps fishing the same
proportion of catch per area as during the 19976238#¥iod, fishing fleets in models FD1 and
FD2 react to the differential changes in biomas$ asapt their catch allocation accordingly
(figure V-10). Under the climate change scenar®s)( following the increase in exploitable
biomass due to faster growth in the south, fisheffgrt intensifies in southern areas with
models FD1 and FD2, particularly in areas 1 anih&ersely, in the north of the state, where
growth rates have traditionally been higher, theklaf recruitment results in lower
exploitation rates in the dynamic fleet versionsh&f model. The lower catches in area 5 with
the climate change effect) compared to no climaenge scenario do not come from lower
biomass in the area (the biomass for C1 and C2ascsnare superimposed for both FD1 and
FD2 models, figure V-9) but rather from the atthaehess of southern areas that have
increased biomass with climate change. The FD2 muadech includes the ability for fleets
to respond to the size structure of catches, pietbaver catches than the FD1 model in areas
4 and 5 with and without climate change. This canjustified by the structure of the lobster
population in these areas. The increase in groatth means that the lobsters found in the
north reach larger sizes faster and, combined wittecline in recruitment, result in fewer
small lobsters in the landings. Given that the @ large lobsters is much lower than the
price of smaller lobsters (about AUD$10 less pe), kiye average price per kg of lobster
caught would tend to be lower in the north, drivilegts away under FD2.
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Figure V-10 Average simulated catch per year per aa.
Catch is expressed as tons of lobsters for the theefleet dynamics models with (red lines) or without

climate change (blue lines) for the period 2007-261Black dots represent the latest observations.

The catches of FD1 and FD2 fleets converge towHrdsend of the simulation period for
most areas (figure V-9). Only area 9 (deep watethenWVest coast) shows notable differences
of catch between model FD1 and FD2. This comes fitoenlow effect of local biomass on
catch proportion in model FD1 (low in equation V.5). The FD1 fleet does not respand t
changes in biomass in area 9 and the level of ¢atoains close to the value observed (figure
V-9). In contrast, the FD2 fleet is highly attratte® area 9 due to relatively high expected
catch rates (also observed in the fishery see @awird Ziegler, 2010). Real-life factors such
as dangerous weather probably keep the fleet fraichmg more in the area. Such a factor

would be captured by FD1 in the estimation of thestant termd, , (equation V.5). The

similarity between fishing allocations of fleets Fland FD2 is expected because climate



change directly affects the biomass (driving FOeef] and subsequently catch rates (driving
FD2 fleet through marginal profit). However, it siid be noted that the fishing effort of the
FDO fleet remains also similar to the other modelthe south, suggesting that the positive
effects of climate change on the southern biomasse wrobably already observed in the
period of calibration of FDO (1997-2006). The lawkrecruits in the north was probably not
yet felt in the calibration period as the catctthe north remained high, driving the fishing

effort of the FDO fleet up to an unrealistic leuelrea 5 (figure V-8).

3.2 Impact of changes in the market for rock lobste  r

The lobster market disturbances in scenarios 31d#5investigated in this section relate to
the evolution of the lobster price both seasoratig annually, but do not include any change
in the demand for size or colour categories, he.grice difference between categories remain
constant. The catch distribution by area for thedet® FDO and FD1 is not affected by the
different price scenarios as fishing fleets donmespond to economic stimuli in those models.
Changes in the spatial distribution of catch anireffor FD2 are also limited as price
differences between market categories are assumeghtain constant over the years in the
simulation so the relative attractiveness of oreaarompared to another remains unchanged.
However, the change in price seasonality influertbesseasonality of catch. With higher
prices in winter (P2 and P4 scenarios), the propoxf lobsters caught in winter is expected
to be higher than for the scenarios with a lessausvprice seasonality (P1 and P3). This is
only observed if the price increases annually (R2yre V-11), while the proportion of catch

in winter decreases from 2007 to 2016 for all ogwEnarios.

While in 2007, the differences in catch proportioetween the price P2 scenario and the
others are not significant or the difference ingaion is low (table V-4). However, the
differences between the P2 price scenario and ther are significant in 2016 and on
average over the simulation period. In 2016, ageatsh 5 to 7% lobsters more in winter if
the price seasonal variability is high and theriatenual trend increases (P2) compared to all
the other scenarios. It seems that if the pricearemconstant over years (P4) higher winter
prices do not compensate for the lower winter ceatbs (from May to September all female
lobsters captured must be returned to the watearaméd) and increasing costs of fishing,

resulting in declines in winter effort and catch.
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Figure V-11 Proportion of catch in winter.
Catch expressed as the percentage of annual catchrohg the female ban (winter) for each price scendo
with model FD2 for the first year of simulation (2@7), the average over the period (“average”) and th
last year of simulation (2016). P1 and P3 are prisewith the recent seasonality (lower variation insasonal
price) and P2 and P4 reflect a much higher priceni winter. P1 and P2 scenarios assume an increasing
inter-annual trend while the inter-annual trend is constant in P3 and P4. The error bars represent the

90% confidence intervals.

Table V-4 Comparison of winter catch proportion betveen scenarios.
Difference in proportion of winter catch between tke price scenario P2 (scenario 3) and the other laies

price scenarios (scenarios 1, 4 and 5) for the S5hrmilations.

2007 Average 2016
Model tested (H)) coeff P value coeff P value coeff P value
P1-P2 =0 0.04 0.18 -3.71<0.001 -4,97<0.001
P3-P2 =0 -0.03 0.41 -2.41 <0.001 -6.87<0.001
P4-P2 =0 -0.63 <0.001 -2.64 <0.001 -6.69< 0.001

3.3 Performance of the fishery under perturbations

The environmental pressures applied on the fishad/the way the fleet responds to those
perturbations affect the viability of the fisherf/he overall performance of the simulated
fishery in terms of sustainability is assessedtikadao the reference points defined in table 3.
In this section the state of the Tasmanian lobsteck is examined at the end of the
simulation period in 2016 on the performance ofdkploitable and spawning stock biomass
for all assessment areas (figures V-12 and V-1I8)addition to ecological considerations,
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economic and social indicators are also exploreaksgess the viability of the fishery (figures
V-15 and V-16).

With climate change, southern areas are predideithidrease in exploitable biomass. For
models that enable the fleet to be dynamic, thiseimse in biomass redirects effort from
northern regions (areas 4 and 5) resulting in ithel firea specific biomass estimates in 2016
being closer to the trigger points in the soutlkedarl, 2 and 8) compared to the static model
where the fleet cannot re-distribute itself (figuvel2). The redirection of effort from
northern to southern regions releases pressurexthenn population (areas 4 and 5) which
results in the predicted biomass moving from betbe trigger point (model FDO) to being

above the trigger point (models FD1 and FD2).
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Figure V-12 Relative exploitable biomass by area Wi and without climate change.
Biomass is estimated by area and statewide ("all'iln 2016 relative to the reference points defined itable
V-3. Values are obtained by simulation models FD®D1 and FD2, with climate change (C1, upper panel)
and without climate change (C2, lower panel) with pce scenario P1. Error bars represent the intervabf
confidence of predicted values. The dashed horizaat line represents the reference point (relative

exploitable biomass = 1).

Climate change effects the conservation of the spaystock biomass (SSB), and lowers the

local and statewide performances of the fishethef fleet is dynamic (FD1 and FD2, upper



panel figure V-13). In all areas except for aread and 5 in the north, there is a risk of the
SSB falling below the respective regional triggeimp (figure V-13). If the fleet is considered
static (FDO), the opposite pattern is predictedittsern areas display higher SSB than with a
dynamic fleet but the northern areas show loweelkewf SSB close to or below the trigger
points (i.e. areas 3 to 5). In the case where ¢énchange does not effect the growth and
recruitment (lower panel figure V-13), higher SS® aredicted for most areas regardless of
the fleet responsiveness. The decline of SSB irstheethern areas can easily be explained by
the use of statewide regulation on minimum landiizg. Indeed, females in the south were
indirectly protected by the minimum size limit usiedthe fishery as most of the southern
female lobsters never reached the minimum legal @ thus the exploitable component of
the stock (Gardner et al., 2006). The faster gromaths expected with climate change push
part of the southern females over the size limigkimg them vulnerable to fishing. In
contrast, the spawning stock has always been patieoexploitable biomass in the north
(females mature close to the legal size), theretbee decline of the exploitable biomass

observed in the north with the static fleet is algen for the SSB.

Overall, the predictions for the fishery from theodel are promising (figure V-14). The
chances of statewide (“total”) exploitable biomamsd spawning stock biomass (SSB)
remaining above the reference level are higher 806 (figure V-14). The catch per unit of
effort (CPUE) is also estimated to remain high @xcee the case where the fleet is assumed
to be static (FDO, dotted lines figure V-14). Howegvperformance of the fishery at a local
level are on average lower than the statewide paences. In particular, high catches in area
6 and 9 at the beginning of the simulation perieslited in lower biomass in those areas. The
probability that the regional exploitable biomass2016 remains higher than the reference
local biomass is about 75% for all scenarios, andnly marginally lower than at the
beginning of the simulation period in 2007 (figi€l4).

The performance of the fishery regarding the maemee of a reproductive female
population looks more pessimistic than for the eipble biomass. Climate change leads to
the growth of southern females above the legalIsizié making them vulnerable to fishing,

especially when the fleet is dynamic and increéisbsg pressure in the south.
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Figure V-13 Average spawning biomass by area withral without climate change.
Spawning biomass is estimated by area and statewidgall") in 2016 relative to the reference point
defined in table V-3. Values are obtained by simutéoons using models FDO, FD1 and FD2, with climate
change (C1, upper panel) and without climate chang@2, lower panel). Error bars represent the intenal
of confidence of predicted values. The dashed hodntal line represents the reference point (relative

spawning biomass = 1).

In the model, the catch rates obtained by therglieet depend mainly on the exploitable
biomass. Lower catch rates are obtained by theinfishleet insensitive to biomass
fluctuations (FDO on figure V-14). Despite the deiclg biomass in those northern areas
(figure V-9), the fishing fleet keeps on catchingimportant share of the TAC in the north of
the state (figure V-10), mobilizing unrealisticaliygh fishing effort (figure V-8). Dynamic
fleets manage to maintain their catch rates asémee level as in 2007 by moving from areas
of lower catch rates to areas of higher catch réigsre V-14). It should be noted that the
biological performances of the fishery are notugficed at all by the different price scenarios
when FDO or FD1 are used and the effect of altermdteach price scenarios on the lobster
stock remains limited even with FD2, as the priegiation does not effect the relative
attractiveness of some lobster categories thatdcdaé targeted by shifting catches

geographically.
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Figure V-14 Summary of the performances of the fiséry in 2007 and 2016.
Results are presented for the three fleet dynamicsiodels. The performance indicators are expressed as
the percentage of the 50 simulation runs above theigger points. Only the climate change scenariosra

presented here (C1-red: climate change effect, CAde: historical recruitment and growth).

The fishery is managed with conservation objectaed with an objective of maintaining an
active professional fishing fleet. Although the stdr stock is likely to be less productive in
the future if the trend in low recruitment resunregjardless of the fleet dynamic model used,
the projections of the fishing stock for 2016 shibwat, with the current management plan, the
exploitable biomass available statewide would rema@gher than observed in 1998. The
economic viability of the fishery is determined dhgh costs and earnings (figure V-15).
While the revenue from fishing shows little varigiibetween models and within runs of a
scenario, the fishing costs are considerably hiftrea static fleet. The effort needed to catch
the historical proportion (FDO) in the northern lileog areas drives the fishing costs to
extreme values potentially resulting in negativerstierm profit for the fishery (negative
error bars in figure V-15). Under such a scenatieire is a considerable risk that the
commercial fishery would cease to exist. The fighoosts are expected to be considerably
lower and maybe underestimated in FD2 as only tbst mfficient agents remain active in the

fishery, leasing the quota from less efficient éih
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Figure V-15 Average of economic indicators on thashery in 2016.
Economic indicators are calculated for all modelsdrey shades) and all scenarios (x-axis). Verticalals

represent confidence intervals.

Although the different scenarios on beach pricedseinvestigated in this study do not affect
fishers behaviour and subsequently the sustaibalafi the stock, they strongly affect the
economic diagnostics of the fishery. In the scesawith constant trends (P3 and P4), the
fishery would be significantly less profitable thander the assumption of an inter-annual
increasing trend of lobster price (an increasebsier price is the most likely scenario). This
highlights the importance of these assumptions wiesting the economic viability of the

fishery.

The viability of the fishery is also explored thgiuthe number of vessels active in the fishing
fleet (figure V-16). Only the agent based model ZFRllows investigation of the effect of

perturbations on the size of the fleet, the siz¢heffleet in the other models is kept at the
current level and presented for comparison purposés The size of the simulated fleet is

much lower than the current fleet and probably vestenated indicating that real-life factors
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not captured in the economic model affect the belha\of fishers (see discussion on this in
chapter 4). The size of the fleet does not vanniSaantly between scenarios but the
differences between average fleet size seem retatdlde profit of the fishery. The model

predicts a larger fleet when the expected proftheffishery is higher.
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Figure V-16 Average number of vessels in the fishgiin 2016.
Number of active vessels in the fishery are compiefor the FD2 model and all scenarios (x-axis). For
models FDO and FD1, the number of vessels is assutreonstant at the 2007 level.Vertical bars represén

confidence intervals.

The variability of predictions using the FDO modelconsistently higher than the variability
of biomass and economic predictions using morasteaimodels with dynamic fleets (see
exploitable biomass, figure V-12; SSB, figure VEShd economic indicators, figure V-15).
With a static fleet, exogenous perturbations diyeatfect the fishery; while the response of
dynamic fleets attenuate the effect of these peations. Although the effect of the
uncertainty on the input parameters should be tigated by sensitivity analysis, it seems
that the complex fleet dynamics model includingcktstic elements (FD2) does not
necessarily increase the uncertainty on resultsshers adapt their behaviour to counteract
the negative effects of external perturbations.sTisi very important when studying the
economics of the fishery, as variability in profits a key driver of firm's decisions on

investment and production.
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As in other fisheries, spatial management of themfanian rock lobster fishery has been
suggested but fishers wish that their quota coesro give them access to the whole fishery
and to freely move around Tasmania, rather thacob¢ained to particular areas. This study
shows that spatial management would be detrimeatdéhe fishery under climate change

perturbation.

4  Discussion

The current study examines the effect of extereaiupbations on a fishery system and how
the likely change in fisher's behavior in respot@esuch perturbations may affect the bio-
economic performances of the fishery. Three flggtachics models are investigated. The
simplest model (FDO) relies on a static allocawbrcatch by area and by period based on the
historical catch distribution during the 1997-2Q8&1i0d. The other two models are dynamic,
FD1 integrates the effect of the local biomasshia distribution of catch to areas within a
period but catch per fishing period is estimatedstant over the years and both the period
and area allocation of catch are calibrated on1®@7-2006 log-book data. The third fleet
dynamics model used in the study (FD2) is basetheragent based modeling approach. FD2
allows for decisions by individual fishers on whathwhen and where to fish on a monthly

basis based on profitability considerations (chag)e

Unrealistic outcomes were obtained when no fleetadyic component was incorporated in

the model leading to three times as much effordedeto catch the same TACC as with

dynamic fleets. Importantly, the dynamics of theeflcounter-acts the effects of perturbations
resulting in the reduction in biomass being morengy distributed across regions. As fishers
are not constrained spatially in Tasmania, managendecisions need to account for

adaptation by fishers. The results also show thainple fleet dynamics model integrating a

biomass effect in the spatial allocation of cateB1) will successfully predict the reaction of

the fishing fleet to changes in the fish stock.

However, model FD1 does not account for econonutofa in the choice of fishing grounds
and although catch rates are used to calculatet,podher factors also contribute to the
profitability of fishing activity and should be tak into account when predicting fisher’s
behaviour. For instance, the composition of thelcatan influence fishers choice if some

categories are more valuable than others. Thisigase in Tasmania.



High-grading has been taking place in the norththef state where fishers put the larger
lobsters back in the water to save their quotasioaller lobsters that are more valuable. The
negative impacts of climate change are felt fastethe north of the state as the lack of
recruitment and faster growth rates of lobstersighahe size structure of the catch with less
small, high value lobsters (Gardner and Zieglerl®0 Subsequently the returns in those
areas are lower than what would be expected byingakimply at catch rates and an average
beach price and fishers are likely to respond byingpaway from these areas, to fish in more
profitable areas. Although the size structure @& datchis taken into account in the FD2
model, the unique, constant selectivity used in niedel may actually underestimate the
catch predictions for the northern areas. The maslelimes that all the catch is retained. As a
consequence, the simulated FD2 fleet avoids thasangth large lower valued lobsters. To
overcome this problem, the possibility for fisheos high-grade could be included in the
model. With this possibility, fishers would potaily remain in the northern areas more than
is predicted with the current FD2 model, althoulgl tosts associated with high-grading may

still act as a partial deterrent to fish in theszaa.

The effects of climate change on the fishing stac#l the response of the fishing fleet agree
with the findings of Pecl et al. (2009). The di#fat beach price scenarios show less
contrasted results. Tasmanian rock lobster fishaerge adapted their catch to the seasonal
distribution of prices after the introduction of % and increased their share of catch in
winter to profit from the higher prices on the Gése market (chapter 2, Hamon et al., 2009).
So a change in price seasonality was expectedpadtithe seasonal allocation of catch with
winter catch expected to be higher in winter wheogs are assumed higher (scenarios P2
and P4). However, higher winter catch were onlyeobsd for the P2 scenario. This could
once again be due to the composition of the cdticstorically, exploitable biomass in the
south-east was mainly composed of males as fergedes slower and most of them did not
reach the legal size (Gardner et al., 2006). Witherclusively male fish stock, the ban on
female catches did not effect the catch rates mtewi(although the colder water did, Ziegler
et al.,, 2004). However, under the climate changmagtos southern lobsters grow faster and
females which previously remained under the legad Bmit become part of the exploitable
biomass (Gardner et al., 2006). Thus, the lowertexicatch-rates decrease even further
during the ban on female lobsters, but higher witeach prices may not be enough to
compensate the lower catch rates, especially ifbéech prices remain at the same inter-

annual level (scenario P4).



Overall, the three fleet dynamic models give simdaological diagnostics of the fishery but
the model that captures fleet response to pertorb&ads to a more regionally homogenous
diagnosis. In addition to environmental consideraj the conservation of an active and
economically efficient commercial fishery is alsanajor objective. To assess the wealth of
the fishery, economic indicators have been caledlatith available economic information.
The amount of economic data needed for calibradfdhe FD2 fleet dynamics model may be
deterring but the same information is needed toutale cost estimates for FD1 models and
in the latter case additional hypothesis are reguio calculate average costs per traplift for
the fleet (i.e. hypothesis on the composition & tieet and the assumption that the fleet is
kept constant). Ultimately, it is on the economiagtosis of the fishery that disparities
appear between fleet dynamic models. The FD2 ngaled the most optimistic prognosis for
the future of the fishery, while the FDO model esisdly predicts the end of rock lobster
commercial fishing activity in Tasmania if the chte-change driven trends in recruitment
and growth rates persist. Static models of fistfiegt (FDO) are only useful for a fishery
without long-term perturbation, assuming a dynaregponse of the fishery allows to test for
ecological impact of perturbation as well as torges in the fishery, both in term of

reallocation of fishing effort (FD1 and FD2) andt@ims of economic performances (FD2).

5 Conclusion

Climate change will certainly play a major roledefining the future of the Tasmanian rock
lobster fishery. The findings of the current stuwdwfirms the prediction of Peet al. (2009),
namely the short term effect of climate change balthe increase of biomass through faster
growth in the south of the state and a commensuatateof fishing effort towards the south
to harvest the increased biomass. The situatiimeimorth will be less fortunate as the lack of
recruitment will rapidly result in the decline ajcal biomass. As projections in this study
have only been exploring the fishery until 2016 thositive effect of higher growth rates
outweigh the drop in recruitment and the overaltfgrenances of the fishery are still

reasonably good at the end of the simulation period

Two seasonal patterns and two annual trends ofhbgiaces were examined in the study. A
higher seasonal variation of lobster price ledfteet to fish more in winter when prices are
higher but only if prices are high enough (incregdanter-annual trend). If the lobster prices



remain constant over years, the higher seasonalfitgrices do not impact the seasonal
allocation of fishing and the simulated fleet fak®gummer fishing when catch rates are
higher. In addition to increases in rock lobstaces, decreases should also be explored as
rapid decreases have been experienced by theyfishench as by SARS in 2003 and with
market regulation in 2010 (ABC, 2010).

The use of comprehensive fleet dynamic models ffeany advantages. The scenario testing
possibilities increase enormously with complexitydathe diagnostics of the state of the
fishery can include more important aspects suckcamomic viability. In the agent based
model used in the study, fishers’ behaviour follogimple economic rules that try to
maximize the return they can obtain from their quaitocation, either by fishing it where and
when it is most profitable or by leasing it to atHeshers. As shown in this study, this
behaviour has important consequences on the spi&tabution of fishing effort, and on the
economic performance of the fleet. Although thewated fleet is probably adapting faster
than in reality, the model is a useful and novgbrapch to forecast the repercussions of

external perturbation on the fishery after the tieacof the fleet is taken into account.



VI General discussion



This chapter first provides a brief summary of fineings presented in the thesis. Second, the
results obtained are discussed in details in timegd of the Tasmanian rock lobster fishery.
The modelling approach and the main assumptionsd&aeussed in the next section,
highlighting the challenges encountered while miauglfishers’ behaviour. Suggestions
regarding improvements to the modelling of ITQ eyst are then presented. Finally, the
chapter concludes on the use of ITQs as managedowmatand how simulation work prior to

the implementation of ITQs can support decisiongh@design of such management systems.

1  Summary of findings

This thesis focused on the behavioural respondesioérs to the introduction of individual
transferable quotas in fisheries. The researchba&asd on the study of the Tasmanian fishery
for rock lobster,Jasus edwardsiiwhere ITQs were introduced in 1998. The response of
fishers to the implementation of ITQs was invesgdain four chapters. Chapter 2 showed
that the overall effects of ITQs on the fishery foomed to the expectations found in the
literature, i.e. rebuilding of the fishing stocleduction of fleet overcapacity, increase in
economic efficiency and some concentration of ggjogdthough the latter has been fairly
limited. In chapter 3, | demonstrated that the gesnnduced by ITQs observed at the fishery
level were the results of two combined factors, dtractural modification of the fishing fleet
and a change in individual behaviours of the fteat remained active. Then a bio-economic
model of the dynamics of the fishing fleet was deped combining fishing effort allocation
and quota trading to capture the decision procédsiwers and quota owners in this ITQ
managed fishery (presented in chapter 4). The medsl used to evaluate the effects of a
change of quota trading limitations on the fish@ityapter 4) and to predict the future of the
fishery, taking into account possible effects amelte change, and scenarios regarding the
rock lobster market, driven by exports to Chinaaler 5). The model performed well for
fishing effort allocation but tended to overestintie dynamics of quota trading and the exit
of fishers from the active fleet. The fleet dynasnisodel proved particularly useful to project
the future of the fishery with perturbation sceasras it was able to account for the response
of fishers to those perturbations.



2 ITQs in the Tasmanian rock lobster fishery

This thesis examined the Tasmanian rock lobsteefisten years after the introduction of
ITQs to assess the response of fishers to theitemmgntation. With all the recommended
conditions favourable to a successful implementatd ITQs, the Tasmanian rock lobster
fishery was a good case study to investigate tkporese of fishers to this management
measure. Prior to the introduction of ITQs, theadetof the quota management system in the
Tasmanian rock lobster fishery were discussed &ysthkeholders with ecological, economic
and social objectives in mind (Ford and Nicol, 20000 maintain the lobster stock at a
sustainable level (ecological objective), a TAC waplemented about 10% lower than the
catch from previous years (Bradshaw, 2004) and added to pre-existing technical
measures such as minimum landing size, gear réstiscand seasonal closures. Economic
and social objectives were also discussed pritingantroduction of ITQs in the fishery with
two main concerns in mind: the equitable allocatbguota amongst fishers and to minimise
the risk of the concentration of quota into fewamers. The initial allocation of quota was
the most debated aspect of the introduction of I'8Q@d the reason why part of the industry
opposed ITQs. An agreed initial allocation was dase trap ownership which was the basis
for prior access rights in the fishery (Ford andad\i 2001). To prevent the concentration of
guota, limitations were set on ownership and usquaita at 120 quota units per licence or
200 quota units per person, i.e. less than 2% eflthh507 quota units of the fishery (Anon,
2006).

The case study used in this thesis presents all ctieracteristics of the successful
implementation of individual transferable quotasraf®n and Mcligorm, 2009). The
Tasmanian rock lobster fishery is a valuable fighsith a value at first sale estimated at
AUD$60 millions in 2006-07 (ABARE, 2008), targetiagsingle speciedasus edwardsifor
which the relatively small number of fishers (32&ssels in 1997) can obtain higher ex-vessel
price from catching at different times and placése conclusions drawn in the current study
may not be directly transposable to other fishedssdifferent results could be found in
fisheries with profiles less favourable to ITQs Isus a multispecies fishery where other
issues like high-grading and discarding shoulddesiclered.

ITQs were introduced because of the worrying stétthe lobster stock in Tasmania in the
early 90’s, which rebuilt rapidly resulting in irm&@sed catch rates after their introduction

(Haddon and Gardner, 2008). This recovery was dua positive recruitment peak that



flowed through the fishery in the first years aftgrota introduction and to the cap set by the
TAC. Setting adequate, restrictive TACs is essetdiguccessful quota management system.
Although the ecological effect of ITQs is positiie most cases, some fisheries such as
Greenland halibut and New Zealand orange roughye baen less successful than the
Tasmanian rock lobster fishery and have shown medh biomass after the introduction of
ITQs, possibly due to inappropriate TACs, the latkontrol or disregarded ecosystem issues
(Chu, 2009).

After the introduction of ITQs the economic effioey of the fishery has increased as a result
of the reduced capacity of the fleet, improved lcattes, and of more fishing effort directed
toward higher priced lobsters (chapter 2). The c&dn in overcapacity was fairly rapid, 25%
of the 325 vessels present in 1997 had left by Z8@hough it is lower than the exit rate of
vessels in the mid-Atlantic surf-clam fishery whé&@% of the fleet left within the first 4
years of quota management, Brandt, 2007). The @saimgfishing strategies observed at the
scale of the fishery resulted from the combinatdra structural change of the fishing fleet
and a modification of the behaviour of fishers stgyin the fishery (chapter 3). Fishers
traditionally operating in the northern areas whelwsters are larger and fetch a lower price
left the fishery while the fleet in the South ofsh@ania, close to the most profitable fishing
grounds remained stable. In addition, the fishersaining in the fishery intensified their
effort in winter when rock lobster prices on theiri@@se market are high, and targeted higher

value red lobsters in shallow water.

Although the economic efficiency of the Tasmaniaokrlobster fishery has improved since
the introduction of ITQs, model simulations basedtive available data and on assumptions
relating to the behaviour of fishing operators ssgjdhat the TAC could have been caught by
even less vessels. Based on the 1997-98 fishirg #ad considering quota owners and
fishers as profit maximisers with opportunity co$tfishing equal to the average salary in
other industries, the fleet dynamic model describechapter 4 predicts a fishing fleet of less
than 150 active vessels in 2007 (against 215 awtgsels observed) and a quota lease price
more than AUDS$5 higher per kilo than observed. Ttisracterization of the simulated
fishing fleet as being more economically efficighan the real fleet over the study period
probably reflects the existence of various constsaand sources of inertia which impact on
the decisions of fishing operators in reality, amidich are not captured in the behavioural

assumptions of the model.



The ITQ regime has induced some quota aggregatyoowners (see chapter 2) but the
limitation of quota ownership has prevented scesanhich occurred in New Zealand where
the fishing industry is vertically integrated anig) processor firms hold most of the quota
(Batstone and Sharp, 1999). According to Tasmartek lobster processors, the aggregation
limit is too low to be profitable for processors gain market power on the rock lobster
market (van Putten et al., 2011). Although limitahcentration of quota has been observed,
more quota is held by quota owners not fishing thedaes (investors or former fishers),
resulting in an increased amount that is leased Butten and Gardner, 2010). Simulations
indicated that the limit of catch concentration lerpented in 1998 (120 units) constrained
the economic efficiency of some fishing firms, bl limit implemented in 2010 (200 units)
would not have much effect on the size of fishimgemtions (chapter 4). The cap on the
number of fishing traps used by fishers to catdirtguota (limited at 50 fishing traps for the
largest vessels) could however be restricting the af fishing operators and make the limit

on quota use redundant.

The future of the fishery is highly uncertain assitargely driven by external factors. After a
rapid recovery observed in the first ten yearsutg management, the rock lobster stock has
declined in the late 2000’s (Gardner and Ziegl®1®. A lack of recruitment seems to be
linked to a regional trend of poor settlement oftdarvae (Linnane et al., 2010). Climate
change is the likely cause of changes in oceaniects leading to the lower settlements
(Pecl et al., 2009). The lack of settlement andsegbently recruitment is already affecting
the northern areas where lobsters grow fasterofrast, the southern exploitable biomass
benefits from climate change. The higher sea teatpess are considered to have improved
the growth of lobsters causing the large undersiabsiter population present in the South of
the state to grow faster to the legal fishing sidee sudden growth of undersized lobsters to
legal size would result in the increase of the llegge biomass in the southern areas in the
short term (chapter 5). However, if poor settleragdrsist, the exploitable biomass will also
decline in the South (Pecl et al., 2009). In additio climate change, the invasive sea urchin,
Centrostephanysis altering the rock lobster environment on thestEcoast of Tasmania
leading to an environment that is unfavourabletisters. (Ling et al., 2009).

Besides environmental perturbations, the econoruatson of the fishery is also uncertain as
it largely depends on a single client, which is @enese market. Disruption of the market as
during the SARS outbreak in the early 2000s camnsgty affect the economic viability of the

fishery (Hacourt, 2003). In chapter 5, the scemarnwestigated assumed that the price of



lobster would probably increase or remain at thmesdevel as in early 2010, but in late
November 2010 China decided to temporarily barAa8tralian rock lobster causing a crash
of rock lobster beach price in Tasmania. Given tl@sent event, it appears that the
predictions presented in this study could actub#yoptimistic and overestimate the future
profit of the fishery under the range of scenadossidered. Additional price scenarios could
be tested regarding the overall trend in beacleprithe seasonality of demand or the change
in demand (and price) of specific market categor&onomic perturbations of the fishery
could also come from a change in the cost struaifireck lobster fishing operations, which
Is also largely driven by external forces. For eglanlabour costs for deckhand are believed
to be related to the salary offered in the mininduistry of Western Australia (S. Frusher,
pers. comn), so changes in the mining sector could drivelealrosts in the fishery higher or
lower. Finally, the choice of fishing location igghly related to fishers’ fuel costs. The price
of fuel has shown high variability since the e&G00s. This variability should be taken into

account in future simulations of alternative mamaget strategies.

3 Modelling behaviour in an ITQ fishery

Tradable quota facilitate the reduction of overcayain fisheries as most economically
efficient fishers are expected to buy out lesscifit fishers (Anderson, 1986). Quota trading
occurs because quota owners have different expmtiatbout the profitability of fishing. In

a model with temporary transfers only (i.e. leakifighers expecting the highest profit per kg
will lease quota from the less economically efintishers. To capture the dynamics of quota
trading in the current study, individual agents @escribed explicitly and the dynamics of the
fishing fleet are modelled with an agent based @ggr (Uchmanski and Grimm, 1996). The
agent based modelling approach described in chaptéakes into account individual
characteristics for quota trading as well as fshifig allocation decisions. The choices on
where, when and even whether to fish depend oextpected economic profitability of each
option. In a fishery where there is considerabletiast in the geographic location, the size of
vessels and the efficiency of the fleet, individeabnomic performances are different and
agent based modelling captures the heterogerfeityoice situations.

With individual quota limiting the catch of eaclster, it is assumed that fishers will try to
maximize their marginal profit and choose the fighoption with the highest profit per kg.



Short term rent (i.e. short-term profit minus qut#asing costs) has also been tested as a
driver of fishing decisions but as expected, thedgtions of monthly choice of fishing
activity matched the reality better when fisheredrto maximise their marginal profit
(chapter 4). Fishing allocation is reasonably wddkcribed by a fleet-level linear model
depending on the local biomass (chapter 5). Howesrgth a model ignores the influence of
price parameters which may play a crucial rolexplaning the response of fishing fleets to
changes in the environment in which they operathofigh biomass or catch rates have been
used to predict fishing effort allocation, diredtimations of profit or revenue have usually
been favoured to explain economic decisions (Sr2iB02, Vermard et al., 2008, Marchal et
al., 2009a, Prellezo et al., 2009). The agent basedel developed in this study allows the
explicit description of the quota owners’ decisjomocess based on economic performances,
and allows for scenario testing including econopecturbations. However, the computation
power required to run agent based simulations ghdri and specific data are needed,
especially information relating to the individudlacacteristics of operators.

In the model, the flow of information is assumed lbe perfect: every agent has
instantaneously access to all the data such as Gtes per area or quota price. Subsequently,
the response of agents to the information theyiveds rational and immediate. In reality,
information sharing is probably more limited, whidould drive certain “investors” to
maintain a minimal fishing activity to assess thates of the fishery themselves. While
developing, the quota market seemed partitioneibimarkets, and fishers probably did not
have access to all the quota, but rather tradedub&a held by people they knew (van Putten
et al., 2011). As a consequence of these informalimitations, and of other technical
constraints, there is inertia in the real systeat th not captured by the fleet dynamics model.
This explains the difference between the predistiohthe economic model and reality. To
include this inertia effect in the model, the déea between pure profit maximisers and real
quota owners should be measured, and factors exmiaithe inertia, such as delayed

information or risk averse behaviour, should beaeshed.

One of the greatest challenges identified during gtudy is the lack of adequate data to
effectively integrate the economic dimension inleetf dynamics model. While catch and
effort data have been collected by each fishehatdaily level and by quarter degree block,
cost and earning data are scarce in the Tasmami&nobster fishery. The only estimates of
costs available for this study were collected i020n a sample of 14 active fishers (Gardner

and Van Putten, 2008). The lack of more precisam@tic data makes it difficult to estimate



costs at the individual level and to highlight tbentrasts between fishers, which are the
drivers of quota trading dynamics. In additionjraet series of more precise economic data
would have been useful to investigate if fishergcidion processes changed with the
introduction of ITQs. Finally, the evolution of tieeonomic performances of the fishery since
the introduction of ITQs can not be examined dueht® lack of an economic baseline
information before the introduction of ITQs. Withoa routine collection of economic data,
managers cannot assess the economic viabilityfishary against their economic objectives.
The results of this thesis show that fishers behavis reasonably captured under the
assumption of profit maximization behaviour. Howevé is unclear if the difference
observed between model predictions and realitydaeeto non-economic factors that should
be included in the modelling of individual decisioraking processes (see Fulton et al., 2011,
and van Putten et al., In Press for the discussiarivers of economic behaviour) or simply

due to the absence of good economic data at thre@mte scale.

4  Perspectives for future research

The model developed for this thesis only takes exdoount short term behaviour and can
therefore only be used for short term projectidige Tasmanian rock lobster fishing fleet has
changed a lot in ten years and changes keep aegubrong term economic decisions such as
investment and disinvestment in quota and vessel®atry/exit of fishers should be included
for any projection over 5 years. In addition, thexidion processes already included in the
model (fishing allocation and short-term quota ingyl assume that agents are profit
maximisers and only account for economic perforreanm predicting choices. In other
fisheries, additional factors such as risk or imdlnal characteristics including normative and
social factors (Hatcher et al., 2000), have beésgnated into the decision making process
(van Putten et al., In Press) and discrete chomeehs such as random utility models (RUM)
have been used and have successfully capturecefteet of those additional factors
(Vermard et al., 2008, Wilen et al., 2002). Suchagproach to decision making could be
implemented in the Tasmanian rock lobster model.

Information sharing is assumed to be perfect inntleglel, as regards both the quota market
and the catch rates. In reality knowledge is lichind probably shared through social

networks. ITQ advocates seem to assume that quatkets will be perfect, particularly in



terms of information (Arnason, 1990, Batstone ahdrf, 2003). However, van Puttenal.
(2011) showed that the Tasmanian quota market wadiveded in smaller markets in the first
few years of quota management. Different quota staskructures could be investigated to
test the effects of non-perfect quota markets. &sbsf quota owners trading within each
group could be identified with network analysis a@nehted as independent markets in the
model. This has already been implemented but naegeed in the model | developped. Each
agent would only be part of one market at a tine thie quota price on a market would only
depend on the local demand, supply and willingnesgpay of members of that sub-
component. Alternatively, network approaches cdoddused to model information flows

between fishers.

Finally, high-grading should be taken into accowkithough discarding is not believed to
induce mortality as lobsters are returned liveh® water, high-grading has implications for
the economic performances of the fishery. For ntve biological model assumes the
retention of all legal size lobsters caught by dish However, there is evidence that fishers
discard larger lobsters as they fetch a lower piicea projection model driven by marginal
profit, the retention of those large lobsters witail a lower attractiveness of the areas where
they are found, explaining that simulated agentscathe northern areas. A simple fix to this
problem would be to have the possibility to chodmdween different retention options

varying with the size/price of lobsters.

The improved model could be used for managementadWhile commercial fishers have
been reducing their catch in recent years (GardndrZiegler, 2010), the recreational fishery
remains practically unrestricted. The number ofeattonal fishers has never been so high,
keeping the pressure on the lobster stock clogmpalated regions (Lyle, 2008). Using the
model to separate and investigate the effectsopéational and commercial fisheries could be
helpful in the discussion of future management gldn addition, our findings suggest that
the cap on traps may be limiting the economic efficy of Tasmanian rock lobster fishers
who could increase their effort in winter monthsreduced costs by using more traps. The
model could also be used to test a range of trageliion scenarios as a management decision

support tool.



5 Onthe use of ITQs to manage fisheries

ITQs have been relatively successful at restoringahle Tasmanian rock lobster fishery.
Despite the difficulties encountered by the fishiegding to the reduction of the commercial
TAC in recent years, the general feeling among itftistry participants met during the
preparation of this thesis was that there mightb@oa commercial rock lobster fishery left in
Tasmania were ITQs not implemented in 1998. Theesscof ITQs in this fishery seems to
be largely due to the discussions leading to thelementation of individual quotas which
involved all the industry, and during which timesamaken to debate contentious details such
as the initial allocation of the quota shares dredlimitation on quota concentration (Ford and
Nicol, 2001).

This research was co-funded by the French marseareh institute, IFREMER. The purpose
was to investigate a case study with enough datestathe modelling of fisher behaviour in
an ITQ system, and provide background knowledgeiafiodmation on this, in the context of
the current debate on the new European Common rigistaicy (CFP). Issues have been
identified in the European fisheries and severalagament options are investigated as a way
to curb the current difficulties encountered in &ean fisheries (Anon, 2009). It is clear that
the European Commission is currently evaluatingsatayimplement ITQs at a larger scale in
the European Union (EU). In fact, the Netherlandd Benmark are already using ITQs to

manage some of their fisheries.

“Our aim should be a system that helps to formatisese economic values as individual
fishing rights, so facilitating greater transpargndegal certainty, security, and ultimately
greater economic efficiency for fishermen, which also mean minimising the costs to the

rest of society.’(Anon, 2007)

Although there is a strong push towards ITQs inesgvNorthern European countries, the
European Commission recognizes that ITQs are rareaceaand that implementing this
access regulation scheme is a delicate matteringafior some discussion prior to
implementation. Several issues have been identdedkey topics for coming discussions
(Marchal et al., 2009b, Anon, 2007). Among thosgids, some are political such as the

principle of “relative stability” between EU cours which consists in keeping a constant



share of total catch shares at country level. Emd other topics could be investigated
through bio-economic models like the one presentedhis thesis, focusing on quota
concentration issues and alternative limitationsqubta holding (chapter 4). In addition,
scenarios on initial allocation and who can holdbtqucan also be envisaged through
modelling. Finally, the issue of ITQ-related distiag or high-grading in mixed fisheries has
also been investigated (Branch and Hilborn, 2008) modelled (Poos et al., 2010, Little et
al., 2009). The type of model presented in thislgtwombining effort allocation and quota
trading, should be used to investigate the bioklgieconomic and social consequences of the

details of implementing ITQs.



VIl Addendum



1 Appendices

A  Correction of regions of origin

Over the period 1993-2008, 116 of the 525 vessatsating in the Tasmanian rock lobster
fishery had contradicting information on home pbetween the two available databases,
MAST and DPIPWE, a further 152 vessels were ongsent in one of the database and 18
vessels were missing in both databases. MoreoVeenvpresent, data on home-ports was
potentially inaccurate because of a lack of updatiessel information throughout the vessel's
life. It is expected that location of origin woub& a major factor influencing fisher’'s choice
regarding their spatial fishing allocation via fumsts. Therefore, the correction of fisher's

geographical origin was undertaken.

The method used to allocate a home region to aelvéssa given year is described in figure
VII-13. Seven regions were defined, “SE” South-Hasta 1 on figure 1lI-1), “EC” East coast
(areas 2 and 3), “NC” North coast, “WC” West coémieas 6 and 7), “FI” Flinders Island
(North-East of Tasmania), “KI” vessels from Kingalsd (North-West of Tasmania) and
“OTH” with vessels from other Australian statesg(ie Ill-1). King Island and Flinders
Island were separated from the North coast becasséslands the possible alternative
activities open to fishers are different from Tasm& main land and this can influence their
fishing decisions. The sorting method is used aryevessel separately identifying region of
origin for all years active in the fishery. Thestistep is to identify periods with homogenous
distribution of effort between the different assesst areas. The similarity over a period was
tested by looking at the correlation between comsee years. If two consecutive years had a
correlation coefficient lower than 25% then a breakthe time series was identified.
Sequences of years between breaks define ‘consigéeinds’. It is assumed that the home
region is the same within a consistent period, ks€and possibly change of region) can be
due to the vessel being sold to another fisheherfisher moving home town. The second
step is to identify home-region within the conamtperiods. The two types of data with a
spatial dimension that could be used to check afith@l region of origin of a vessel are the
logbooks with the spatial description of fishindoef and the quota docket information which

records unloadings since 1998.



Winter fishing is used first because it is usuatigre localised than during summer. Fishers
tend to fish closer to their home and to the calsing winter due to rough weather and
shorter days. When a vessel has fished in winteresll998, unloading sites are used as a
proxy to home region. Individual ports are all gesid to a “region” depending on their
locations. If at least 75 % of the winter unloadioccurred in a region then the vessel is
assumed to be from that region for that given y#athe region of origin of a vessel is
identified for some years within a ‘consistent pdij the same region is assigned to the years
for which a region could not be identified.
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Figure VII-1 Flow chart of the allocation of home region for a vessel.

The definition of home regions is based on the avable data, unloading (light grey box) since 1998ro

effort (dark gray box) and winter data ( dashed lire box) or annual data (full line box)




In a second time, the main location of catch isduse a proxy for region of origin for the
periods without region assigned. For East coasiffSBast and West coast, the relationship
between fishing areas and home regions is straigidid. The four other regions (North
coast, King Island, Flinders Island and other sjasbare fishing grounds in areas 4 and 5, so
a finer special scale, the quarter degree fishlogks, is used to identify the home region. If
at least 75% of the effort is put in areas (or k§)meighbouring a region for a year then the
region is assigned as the vessel home region &gehr. The home-region was assigned to

the whole period when identified as the regionadgear within a ‘consistent period’.

Of the 4256 vessel-year in the databases, 603 tfishoduring winter (defined as the period
June to August) representing approximately 14%hefwvtessel-year. In case of no fishing in
winter unloading data and fishing effort allocatiare used at the annual level to determine
the region of origin. The newly defined home-regicare analysed against the previous
definition of regions of origin available from affal databases. Table VII-1 shows on the last
row, the distribution of the predicted home-regidos the period, with each observation
corresponding to a “vessel-year” (i.e. each yeanspy a vessel in the fishery is an
observation). First, the very low number of vesssrs without region should be noticed,
from 296 vessel-years with missing information @mie region down to only 15. Information
on fishers home-region is important for the analydifishing activity and also to assess how
different part of the fishery responded to the geanf management. Second, the repartition
of observations in each region is consistent vht driginal data. The matching level of the
predictions with the data contained in official alzases (bolded diagonal) is coherent with the
fact that the official data was correct at an umbaf point in time but likely to have changed.
Third, the allocation of vessel-year to regionssdoet match the official data as well in the
North of the state. Areas 4 and 5 on figure lll¥& an the immediate vicinity of four of the
defined regions: North coast, King Island in aredfnders Island in area 4 and the other
Australian states North of the fishing areas. ObletaVvll-1, too many vessel-years are
allocated to King Island and Flinders Island wheréf®e North coast and other states vessels

are probably underestimated.



Table VII-1 Proportion of matching prediction of home regions.

Predicted regions (columns) are compared to the aéfal location of vessels (rows)

West South East North King Flinders Other

Coast East Coast Coast Island Island states Non allocated  Num obs
West Coast 54 1 2 4 1 0 0 0 228
South East 10 79 10 16 18 14 5 0 1474
East Coast 2 4 73 7 9 7 3 20 871
North Coast 8 7 6 61 7 26 32 27 645
King Island 1 2 1 42 4 0 7 341
Flinders Island 0 0 1 0 2 33 6 0 115
Other states 6 2 1 15 9 50 7 286
Non allocated 18 5 7 6 7 4 40 296
Num obs. 309 1408 933 467 681 258 185 15 4256

It should be noted that the inter-annual shiftsMeen regions are low. On average for each
region, more than 80% of the vessels remain irsémee region from one fishing season to the
next denoting a geographical stability of vessals lay extension of fishers (table VII-2). No
migration pattern of fishing vessels from a regiomnother can be identified as such. Vessels
have left all regions, but in some regions the depa was partly compensated by entries
(East coast, North coast and King Island). Entrieghe fishery have been particularly
important in the South East of Tasmania which issuprising given that the . state-capital,
Hobart, is located in this area. The proportiorvedsels that left the fishery can seem really
high but given that we work at the vessel leved(ant the fisher) when a fisher replaces his
fishing vessel by a vessel that was not previooglgrating in the fishery, the old vessel
appears as “definitive exit” and the new vessel dgst entry”.

Table VII-2 Average annual vessel shifts between hte regions between 1993 and 2006 in the Tasmanian

rock lobster fishery expressed in percentage per ge.

West South East North King Flinders Other temporary definitive

Coast East Coast Coast Island Island states exit exit
West Coast 81 3 3 2 1 1 9
South East 1 85 1 1 2 9
East Coast 2 87 1 2 7
North Coast 3 2 83 3 7
King Island 2 89 2 7
Flinders Island 1 85 2 10
Other states 2 1 89 4 4
re-entry 7 56 10 11 9 4

first entry 9 36 17 13 14 5




B  Allocation rules of trips to métiers

Table VII-3 Allocation rules of fishing trips to metiers for all rock lobster trips during 1993-2008 period.

Effort is expressed as trap-lifts

Métier Allocation rule

NW shallow >70% effort in area 5 less than 70 m deep

NE shallow 250% effort in area 4

WNW shallow >70% effort in area 6 less than 70 m deep

ENE shallow 260% effort in area 3

WSW shallow >70% effort in area 7 less than 70 m deep

ESE shallow 250% effort in area 2

SW shallow >70% effort in area 8 less than 70 m deep

SE shallow 270% effort in area 1

S shallow 270% effort in areas 1 and 8 less than 70 m deep but <70% effort in area 1 and <70% effort in area 8
less than 70 m deep

NW deep 240% effort in area 5 more than 70 m deep

WNW deep 230% effort in area 6 more than 70 m deep

WSW deep 210% effort in area 7 more than 70 m deep

SW deep 230% effort in area 8 more than 70 m deep




C Initialisation of the fleet dynamics model

To initialise the model, some data needed to bepcbed for 1997, the year before the
simulations started. Among the data, month- andemétatch rates by market category is
used to calculate catch rate expectations and gearenthly fishing costs other than fuel,
labour and quota leasing costs are used to contipaitishing costs expectations. In addition

quota price is used to initialise quota trading.

To initialise the month- and métier-specific catabes by market category for the year before
the first year of simulation, log-book data andpui$s from the stock assessment model are

used. Catch-rates by area and month are initialissdg 1997 log-book data. To obtain

métier-specific catch rates) ™™ the catch rates by ardd

met, m y?

traplift
amy !

are averaged weighted by

the average distribution of effort to areas for each métier (equation VII.1).

Jmet, m?

U traplift _ a Utraplifl VIIL.1

met, my a,mem™ am,y

The catch rates are then disaggregated to lobsieggaries. Market categories are
approximated by two variables: the colour (redhallow water or white in deep water) and
the size class (less than 0.8 kg, 0.8 to 1.5 Kgtd 2 kg and more than 2 kg). The depth at
which lobsters are caught is used as a proxy fercthlour (using a 40m limit available in
logbook records, Chandrapavan et al., 2009) andptbportions of lobster in each size
category by area and by period are derived fromotitputs of the stock assessment model.
The approximation of the distribution by size caiggis based on the assumption that the

size selectivity is the same for every fisher amanbgenous within an area. The fishing
efficiency of those harvesting lobsters in thosenthenétiers ¢°" defined in equation IV.24
) is extracted and used to normalise the 1997 catels for a fishing efficiency of 1 (equation
VII.2). The efficiency per month and métier is thieerage over the fishers weighted by the
catch in the month-métier.

> H

norm — v traplift
cat,metmy Z H month U cat met m VII.2
v

v,met my

Expectations of monthly fishing costs excluding Ifubour and quota leasing costs,

Coter are calculated per vessel for 1998 as the suttmedbait, food, clothes, gears and ice

v,met m y’



costs for the year before (1997), divided by thember of months the vessel was active in the
fishery.

Last, quota price the previous year is input hastel value for the bisection method on the
quota market. The simulations starting the firgryguota was introduced, the initial price of

quota is set to zero.

D Calculation of commercial catch

Because agents all fish simultaneously, catch bg slass would be overestimated if the
catch was calculated using the biomass at the biegjrof the period. Instead, commercial
catch is computed in each area using the biomésshedlf the catch is removed including the

a,m,y,l a,my,l? a,my,l

commercial, H;oW =Y H, . ., - illegal, H} |, and recreationald X7°,, catch (equation
\
VILL3).

_ ‘ ‘ H COMM +H ILL +H REC
m,y,l ,m | |
Bepr0|t — Bexplon __amy, amy, amy VIL3

a,myl ~ “amy,l 2

The recreational catctiF=C , is set as a fixed proportion of a total allowat#ereational

a,my,l?
catch TARC (see appendix E.3). However, the comialecatch depends on the exploitable

biomass (as in equation VII.4) and the illegal bagdefined as a fixed proportigf) of the

commercial catch by period and by area. The comalaratch and exploitable biomass in the

middle of the period can be computed by iterategugations VI1.4 to VII.8).

(HER) = P, (BZES0), k>0 viL4

,m,y, | am,y,

where the total commercial exploitation rakg, , is calculated as
— Eff
Fa,m,y_zqv qa vaaml VII.S
A

pexploity — pexploit
and (Ba,m, y,I)1 - Ba,m A

VIL.6

(gexploit) — Bexploit _ (1+ ﬂm)(H ;:?nMyN: )k +H zfncy I
a,m,y,|/k+1 a,myl 2
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By substitution of(H )« by its expression (equation VII.4) in equation.gil

p exploit REC
(B = By~ e Cen st e vz

By iteration:

a,m, y, amyl
Y Y, 2 — 2

exploi REC k
(gexploitl)k ) — Bexﬂnit _{(1'*' ,Bm)Fa,m yDBa?TJ ;|+ H am yj@k(_(l'*',g ,)F ,amﬂ VILS8

Using Taylor’s series (equation VI1.9) and giveatt(il+ S )F represents the exploitation

amy
rate of commercial and illegal catch, it must belsen than 1:
1

Ojx <1 ;XﬂNE VIL9

Thus, equation VII.8, converges to:

exploit REC
gaefgloitl — (E;);\pl)loitl)w — B:xrﬁloitl_ Ba,m, y,I(1+ ﬂm) Fa m y+ H amyl VIL10
' ’ 2+(1+ B, )F
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E Data and model calibration

E.1 Economics data

The economics data used in this study are mainiyetk from interviews with fishers of the
Tasmanian rock lobster fishery in 2007 (Gardnerad Putten, 2008). The survey included
mainly estimates of costs (see table VII-4). Mashihg costs are linearly correlated with

effort but some of the operating costs are onlylabk at the annual level or the trip level.

Gear costsC/;", are a combination of trap replacement costs éiner @annual fishing costs,

namely rope and clothes costs (equation VIl.11j)de by the number of days spent fishing

per year,E, . Ice costs are defined at the trip level (equai®inl2). The length of a trip,

E™, depends on the vessel size (see table VII-5).

A [Ptrap D:/ , + Prope+ Pclothes
Ey

gear
Gl =

VIL.11
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Table VII-4 Costs variables kept constant over theeriod.

Cost estimates are based on a survey completed 0 (Gardner and Van Putten, 2008).

Parameter Symbol Value
Fuel usage — size multiplier- vessels <10m J, 1
Fuel usage — size multiplier- vessels 10-18ma:/ 15
Fuel usage — size multiplier- vessels8 m a:/ 2
Fuel usage — Distance multiplier a 10
Fuel usage - constant b 40
Bait cost per trap-lifts pPait 1$
Food cost per day, per person pfod  50%
Replacement cost per trap prap  180$
Percentage of traps replaced per year A 25%
Rope costs per year prore  350$
Clothes cost per year pclothes  800$
Ice cost per trip pice 1$

Table VII-5 Number of full time crew on board of vessels and duration of fishing trips according to vesel

length.

crew

Vessel length  Number of full time crew 0, ") Duration of a fishing trip in days (E\t,rip )

6-10m 0.5 1
10-18m 1 5
>18 m 2 10

Labour costs defined in equation 1IV.9 depend onrtheber of crew members onboard of
vessels (table VII-5) and on the opportunity cosfscrew and skipper (figure VII-2).
Although in the fishery most quota owners are skippand may not consider their wages as
costs, it is assumed here that every skipper sdhan the same salary, including owner-
operators.
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In addition to the cost data extracted from therayiincluding fuel use, fuel prices per month

are needed to calculate fuel costs. The histotinad series of fuel cost is extracted at the

month level since 200fvw.fuelwatch.wa.gov.al/and average annual fuel price between

1997 and 2000Mww.abare.gov.au
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by month over the 1997-2008 period

The revenue from fishing is calculated as the sdirproduct of catch and beach price by

lobster category. The beach price in the fisherynily recorded as the average lobster price

per month by each processor without any referencmdrket categories. To integrate the

price difference for different size and colour, @itsprice was calculated for each lobster

category. Due to the lack of information on the position of landings in terms of those

market categories, the splits are calculated orP 2ffia from one processor and assumed



season specific but constant over years (table)/IlFhe price by category is calculated as
the sum of the beach price for the reference lolesteegory (red, 0.8 to 1.5 kg, figure VII-4)

and the split price.

Table VII-6 Split prices, )., ., between lobster market categories and the refenee category (red

lobster, 0.8-1.5 kg) by season.

Summer Winter
Red White Red White
[0.6 -0.8kg[ -0.9% -6.9% 0$ -2.43%
[0.8 - 1.5 kg] 0$ -6.0% 0$ -2.4%
[1.5—2kg[ -5.7% -12.1% -1.1$ -3.4%
> 2 kg -10.3% -15.4% -12.5% -14.3%

£
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L1

Lobster price $fkg
|

I I I I I I
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Figure VII-4 Lobster price for the reference market category, P°"® for the 1997-2008 period.

ref,m,y’

E.2 Meétiers characteristics

The distribution of effort to fishing areas is ingic to the definition of métiers (see chapter 3
for the definition of métiers). However, accordittgthe season and the region of origin, the
spatial effort allocation can vary slightly (figuxél-5). Fishers tend to fish closer to shore in
winter (hence lower effort proportion in deeperaai)eand when going to fishing areas far
from their home port, it is not unusual for fishéosset a few traps in the areas they cross.
Additionally to spatial heterogeneity, the maximuime spent fishing in a metier varies
according to the season and the size of the véfgate VII-6). Indeed, rough weather

prevents fishers to access some areas in winfeeciedly for the smaller vessels.
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E.3 Management

The management of the rock lobster fishery includ#sC on both commercial and

recreational fisheries. The commercial TAC is ggtgncontrolled and monitored and the
values in table VII-7 correspond to the historit&lCC. In contrast, the recreational TAC is
not enforced in practice. The recreational TAC ud$ete correspond to estimates of
recreational catch used in the fishery assessnregtions (Gardner and Ziegler, 2010),

higher than the estimates from survey on recreatiosheries (Lyle, 2008).



Table VII-7 Commercial and recreational TAC for the Tasmanian rock lobster fishery 1998-2007.

Fishery Period TAC
Recreational 1998-2007 150t
Commercial 1998-2001 1500 t

2001-2007 1523t

E.4 Quota allocation

Quota units were allocated to Tasmanian rock lobstence owners based on the number of
traps attached to the licence (the number of tfzgss been limited to 10507 since 1983,
Bradshaw, 2004). The number of traps allowed omdofa vessel was limited to 40 prior to
the introduction of ITQs, explaining why the majgrof owners held 40 quota units or less in
1998. Owners with more than 40 units (figure VIlwgre the owners of multiple fishing
licences that they used to lease out before tmeduacttion of ITQs but in 1998, they recalled
their licences and aggregated the quota unitsaaltley could continue to fish large volume,

forcing their lessees out of the fishery (Bradsh2®4).
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Figure VII-7 Number of quota owners according to number of quota units held for the 1998 fleet.

E.5 Vessels

Tasmanian rock lobster vessels come from all arothad island and some from other
Australian states (figure VII-8). The region of gin of vessels was extracted from official
databases (DPIPWE and MAST) and was corrected usimigading and spatial catch
information (appendix A). The most populated aréase traditionally concentrated the
largest number of vessels (South-East and East)cadthough the fishery profile has
changed after the introduction of ITQs (chapterB) size of vessels has also evolved, but in

1998, most vessels in the fishery were of average(fgure VII-8). Fishers have invested in



larger vessels because the number of fishing dpwed onboard of vessels is limited by
regulation (table VII-8). The largest vessels cearry up to 50 traps. Using more traps has
been a way of reducing the fishing costs (as with ibtroduction of quota every economic

indicators became relative to the kg of lobstergybd).
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Figure VII-8 Distribution of the 1998 fleet by region and by vessel size, the size of the pie chags i

proportional to the number of vessel from each regin.

Table VII-8 Number of rock lobster traps accordingto length of vessel (Anon, 2006)

Length of vessel Maximum no. of rock lobster traps

<6m 0

[6-7m[ 19
[7-8m[ 21
[B—=9m[ 23
[9—-10m[ 25
[10-10.5m[ 28
[10.5-14 m[ 34
[14 - 15 m[ 36
[15-16 m[ 38
[16 =17 m[ 41
[17-18 m[ 46

>18 m 50




The fishing efficiency of vessels is an importaattor in the selection of future participants
of the fishery. It is expected that only the moSicent fishers remains active while the

others lease their quota. The efficient fishers rade homogeneously distributed to regions
(figure VII-9). Fishers from the South-East and th&st coast seem to have higher fishing

efficiencies than fishers from King Island, Flindésland and the West coast.
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, |

0-04 0406 0608 081 112 1214 142
Fishing efficiency

Figure VI1I-9 Distribution of the 1998 fleet according to their fishing efficiency, quff , by region.

F  Simulated catch and effort by area

In the model, fishers take decisions on whereltxate their fishing effort based on expected
profitability (figure VII-10). The effort is thenranslated into catch as a function of the
exploitable biomass, the fisher’s fishing efficigrand the effort of other fishers in the area.
The selection of the most efficient fishers canlaxpthat although, effort in Northern areas is
lower than the real effort fishers put in the fishgredicted catch in those areas remain close
to observed catch (figure VII-11). High expectedcharates in areas 6 and 9 (Gardner and
Ziegler, 2010) leads to predict a massive effddcaltion to those areas in the first two years

of simulation while the predicted effort comes bé&xlobserved levels afterward.



O D0 L X
DD O 00
T\QJ \q ‘I’L"Q ‘I’f’b Q ‘I’L'Q | | | |
no trade ——— Area 5 Area4d - 400
trade - 120 QU === | R, _, - 300
trade - 200 QU - \\ L
trade - no lim i S f j/?d\\‘ 200
real effort — A ey [ 100
400 - Area 9 Area 6 Area 3 -
g 300 - B
ﬁ 200 /“ B
g 1007 At o _
2 ;
E — Area 10 Area? Area 2 - 400
£ | - 300
o
@ . - 200
|_
- == 100
,__‘__,_*’?'\,,.__J,__,.__._J-_ A
400 - Area 11 B
300 - B
200 B
100 . . B

Quota year

Figure VII-10 Effort per year and per area for the simulated scenarios compared to the real effort fnm

log book data. Average effort in trap-lifts calculaed over 100 simulations for the scenarios. The vieal

line indicates the beginning of the simulations i1998.



O 00900
RGOS
no trade = Area 5 Area 4 - 400
trade - 120 QU ==~ o i : - 300
trade - 200 QU L 500
trade - no lim
real catch — - 100
4007 | Aread ..:'? Area 6 Area 3 B
3007 v f i
0 2004 /| B
S 100 ~ PN ERPAZ e
£ - -
i
% - Area 10 Area 7 Area 2 - 400
O . - 300
. - 200
. _ - 100
400 -+ B
300 -+ B
200 -+ B
100 B
\q’q\@

Quota year

Figure VII-11 Catch per year and per area for the smulated scenarios compared to the real catch from
log book data. Average catch in tons calculated ov&00 simulations for the scenarios. The verticaine

indicates the beginning of the simulations in 1998.



2 References

ABARE (2008) Australian Fisheries Statistics 200@nberra, ABARE.

ABC (2010) Australian Government investigating (dse lobster trade ban. Australian
Broadcasting Corporation.

ANDERSEN, J. L. & BOGETOFT, P. (2007) Gains fronotputrade: theoretical models and
an application to the Danish fisheBuropean Review of Agricultural Economi@g,
105-127.

ANDERSON, C. M. (1986)The Economics of Fisheries Managemdddjtimore (USA),
Johns Hopkins University Press.

ANDERSON, L. G. (1995) A commentary on the viewseolironmental groups on access
control in fisheriesOcean & Coastal Managemer3, 165-188.

ANDERSON, L. G. (2008) The control of market poviedTQ fisheries.Marine Resource
Economics23, 25-35.

ANNALA, J. H. (1979) Mortality estimates for the WeZealand rock lobster, jasus-
edwardsii Fishery Bulletin,77, 471-480.

ANNALA, J. H. (1996) New Zealand's ITQ system: hdke first eight years been a success
or a failure”Reviews in Fish Biology and Fisheri€s 43-62.

ANON (1993) Restructuring of the Tasmanian rocksteb fisherylnterim report of the rock
lobster working group.Hobart, Australia, Department of Primary Industmd
Fisheries.

ANON (2006) Fisheries (rock lobster) rules 2006smanian Parliament.

ANON (2007) Communication from the Commission oghts-based management tools in
fisheries. Brussels, Commission of the European i@Gonities.

ANON (2009) Green Paper, reform of the Common FKiskePolicy. Brussels, Commission
of the European Communities.

ANON (2010a) Fisheries (Rock Lobster) Amendment eé8uR010.S.R. 2010, No. 2.
Tasmanian Parliament.

ANON (2010b) Rock Lobster Management Plan Revievelifdinary Proposals for New
Management Measures for the Tasmanian Rock Lolbsséery.Discussion Paper.
Department of Primary Industries, Parks, Water Bn@ironment - Wild Fisheries
Branch.

ANON. (2010) NPF RAG Assessment 2009/10. Canb&watralian Fisheries Management
Authority.

ARMSTRONG, C. W. & SUMAILA, U. R. (2001) Optimal lakcation of TAC and the
implications of implementing an ITQ management eystfor the North-East Arctic
cod.Land Economics{7, 350-359.

ARNASON, R. (1990) Minimum Information Management FisheriesCanadian Journal
Of Economics-Revue Canadienne D Economigg8e530-653.

ARNASON, R. (1993) The Icelandic Individual Transfele Quota System: A Descriptive
Account.Marine Resource Economid,201-218.



ARNASON, R. (1996) On the ITQ fisheries managensystem in IcelandReviews in Fish
Biology and Fisheriess, 63-90.

ARNASON, R. (2002) A review of International expmrces with ITQs. University of
Porthmouth, Porthmouth, CEMARE.

ARNASON, R. (2005) Property rights in fisheriesellnd's experience with ITQReviews
in Fish Biology and Fisheried,5, 243-264.

ARNASON, R. (2007) Fisheries self-management uhiti®s. Marine Resource Economics,
22, 373-390.

ASCHE, F., EGGERT, H., GUDMUNDSSON, E., HOFF, ARASCOE, S. (2008) Fisher's
behaviour with individual vessel quotas-Over-cafyaend potential rent Five case
studiesMarine Policy,32, 920-927.

BATSTONE, C. J. & SHARP, B. M. H. (1999) New Zealks\quota management system: the
first ten yearsMarine Policy,23 177-190.

BATSTONE, C. J. & SHARP, B. M. H. (2003) Minimumfarmation management systems
and ITQ fisheries managementlournal of Environmental Economics and
Management45, 492-504.

BERKES, F. (1985) The common property resource Ipmoband the creation of limited
property rightsHuman Ecology]3, 187-208.

BERNAL, P. A, OLIVA, D., ALIAGA, B. & MORALES, C.(1999) New regulations in
Chilean fisheries and Aquaculture: ITQ's and Terid Users RightsOcean &
Coastal Managemend2, 119-142.

BERTIGNAC, M. (1992) Les rendements par especedadpeche chalutiere hauturiere
francaise de I'Atlantique Nord-Est entre 1972 e Rquatic Living Resources,
261-275.

BISEAU, A. & GONDEAUX, E. (1988) Methods of datadlysis in typological studies of
fishery fleetsJournal Du Conseil pour I'Exploration de la mdd, 286-296.

BONCOEUR, J., GUYADER, O. & THEBAUD, O. (2006) A pgglogy of fisheries
management tools. Amure Research Group.

BOYD, R. O. & DEWEES, C. M. (1992) Putting theonto practice - individual transferable
quotas in New-Zealand fisheri€3ociety & Natural Resources, 179-198.

BRADSHAW, M. (2004) A combination of state and metrkhrough ITQs in the Tasmanian
commercial rock lobster fishery: the tail waggihg tdog#isheries Researclt7, 99-
109.

BRADSHAW, M., WILLIAMSON, S. & WOOD, L. (2000) Fromnput Controls to Quota
Management in the Tasmanian Rock Lobster Fishiéeyv Zealand Geographebg,
32-41.

BRANCH, T. A. & HILBORN, R. (2008) Matching catchés quotas in a multispecies trawl
fishery: targeting and avoidance behavior underividdal transferable quotas.
Canadian Journal of Fisheries and Aquatic Scien68s1435-1446.

BRANCH, T. A., HILBORN, R., HAYNIE, A. C., FAY, G.FLYNN, L., GRIFFITHS, J.,
MARSHALL, K. N., RANDALL, J. K., SCHEUERELL, J. M.\WARD, E. J. &
YOUNG, M. (2006) Fleet dynamics and fishermen bé&bravessons for fisheries
managersCanadian Journal of Fisheries and Aquatic Scien68s1647-1668.



BRANDT, S. (2005) The equity debate: distributionadpacts of individual transferable
guotasOcean & Coastal Management8, 15-30.

BRANDT, S. (2007) Evaluating tradable property tgtior natural resources: The role of
strategic entry and exilournal of Economic Behavior \& Organizatios3, 158-176.

BROMLEY, D. W. (2009) Abdicating Responsability: dhdeceits of fisheries policy.
Fisheries,34, 280-290.

CADDY, J. F. & AGNEW, D. J. (2004) An overview okcaent global experience with
recovery plans for depleted marine resources agdested guidelines for recovery
planning.Reviews in Fish Biology and Fisheridgl, 43-112.

CAMPBELL, D., BROWN, D. & BATTAGLENE, T. (2000) Ingidual transferable catch
quotas: Australian experience in the southern biueiha fisheryMarine Policy,24,
109-117.

CASEY, K. & WILEN, J. (1995) Individual transferabljuotas: Modeling participation and
exit decisionsAmerican Journal of Agricultural Economics/, 1363-1363.

CASEY, K. E., DEWEES, C. M., TURRIS, B. R. & WILENI, E. (1995) The effects of
Individual Vessel Quotas in the British ColumbialiHat Fishery.Marine Resource
Economics10, 211-230.

CHANDRAPAVAN, A., GARDNER, C., LINNANE, A. & HOBDAY, D. (2009) Colour
variation in the southern rock lobster Jasus edsviaathd its economic impact on the
commercial industryNew Zealand Journal of Marine & Freshwater Resea®B
537-545.

CHRISTY, T. F. (1973) Fisherman quotas: a tentasivggestion for domestic management.
Law of the sea institute, Rhode Island.

CHU, C. (2009) Thirty years later: the global grbvaf ITQs and their influence on stock
status in marine fisherieBish and Fisheries]0, 217-230.

CLARK, C. W. (2006) The worlwide crisis in fisheries. Economic Modelsd aHuman
Behavior Cambridge University Press.

COPES, P. (1986) A Critical Review of the IndivilU@uota as a Device in Fisheries
Management_ands Economic$2, 278-291.

COSTELLO, C., GAINES, S. D. & LYNHAM, J. (2008) Caratch shares prevent fisheries
collapse?Science32], 1678-1681.

DEWEES, C. M. (1989) Assessment of the Implememradif Individual Transferable Quotas
in New Zealand's Inshore FisheNorth American Journal of Fisheries Management,
9, 131-139.

DEWEES, C. M. (1998) Effects of individual quotasegms on New Zealand and British
Columbia fisheriesEcological Applications8, S133-S138.

EYTHORSSON, E. (1996) Theory and practice of IT@%celand - Privatization of common
fishing rights.Marine Policy,20, 269-281.

FALL, M., SAMBA, A. & LALOE, F. (2006) Fishing taats and strategies in coastal
demersal trawling fisheries in Seneg&djuatic Living Resource&, 307-316.

FAO (2007) The State of World Fisheries and Aqutacal- 2006 (SOFIA). Rome, Food and
Agriculture Organization of the United Nations, tesies and Aquaculture
Department.



FAO (2009) The State of World Fisheries and Aquiacal- 2008 (SOFIA). Rome, FOOD
AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS,Fisheries
and Aquaculture Department.

FORD, W. (200l1a) The effects of the introduction tbe introduction of individual
tansferable quotas in the Tasmanian rock lobsstrefy. IN SHOTTON, R. (Ed.)
Case studies on the effects of transferable fishigbts on fleet capacity and
concentration of quota ownershigome: FAO.

FORD, W. (2001b) Restructuring the Tasmanian ratisier fishery - the effect of two years
of management under individual transferable quotfdswine and Freshwater
Research52 1641-1648.

FORD, W. & NICOL, D. (2001) The initial allocatioof Individual Transferable Quotas in
the Tasmanian Rock Lobster and Abalone Fisherig®. F

FRUSHER, S. (1997) Stock assessment report RoclstenbTasmanian Aquaculture and
Fisheries Institute.

FRUSHER, S., EATON, L. & BRADSHAW, M. (2003) Impact management change to an
ITQ system in the Tasmanian Rock Lobster Fishegsmanian Aquaculture and
Fisheries Institute.

FULTON, E. A., SMITH, A. D. M., SMITH, D. C. & VANPUTTEN, I. E. (2011) Human
behaviour: the key source of uncertainty in fiseemnanagemenkish and Fisheries,
12, 2-17.

GARDNER, C., FRUSHER, S., BARRETT, N., HADDON, M. BUXTON, C. (2006)
Spatial variation in size at onset of maturity effale southern rock lobster Jasus
edwardsii around Tasmania, Australkzientia Marina,70, 423-430.

GARDNER, C., FRUSHER, S., HADDON, M. & BUXTON, C2@03) Movements of the
southern rock lobster Jasus edwardsii in Tasmahisstralia. Bulletin of Marine
Science/3, 653-671.

GARDNER, C., MACKINNON, C., HADDON, M. & FRUSHER,.§2004) Tasmanian rock
lobster fishery 2002/2003. Tasmanian AquacultuctEsheries Institute.

GARDNER, C. & VAN PUTTEN, E. I. (2008) The econoni@asibility of translocating rock
lobsters to increase yielReviews In Fisheries Sciendd&, 154-163.

GARDNER, C. & ZIEGLER, P. (2010) Tasmanian rock dtdy fishery 2008/20009.
Tasmanian Aquaculture and Fisheries Institute, hsity of Tasmania.

GINI, C. (1921) Measurement of Inequality of Incariehe Economic JournaBl, 124-126.

GORDON, H. S. (1954) The economic theory of a comipperty resource: the fishery.
Journal of Political Economy§2, 124-142.

GRAFTON, R. Q. (1996) Experiences with individuahrtsferable quotas: An overview.
Canadian Journal of Economics-Revue Canadienne @d&mique 29, S135-S138.

GRAFTON, R. Q. & MCILGORM, A. (2009) Ex ante evatiom of the costs and benefits of
individual transferable quotas: A case-study ofese\Australian commonwealth
fisheriesMarine Policy,33, 714-719.

GUYADER, O. (2002) Simulating the effect of regulgt systems in a fishery - An
application to the French driftnet albacore fle&nvironmental & Resource
Economics23, 1-28.



GUYADER, O. & THEBAUD, O. (2001) Distributional ises in the operation of rights-
based fisheries management systdvtezine Policy,25, 103-112.

HACOURT, T. (2003) The economic effects of SARS:atvtlo we know so far? , Australian
Trade Commission.

HADDON, M. (2001)Modelling and Quantitative Methods in Fisheriéendon, Chapman
& Hall/CRC.

HADDON, M. & GARDNER, C. (2008) Tasmanian rock lobis fishery 2006/2007.
Tasmanian Aquaculture and Fisheries Institute, ehsity of Tasmania.

HADDON, M. & GARDNER, C. (2009) Tasmanian rock lodis fishery 2007/2008.
Tasmanian Aquaculture and Fisheries Institute, ehsity of Tasmania.

HAMON, K. G. (2008) Analysis of the price of Tasnmam rock lobster 1993-2006.
University of Tasmania.

HAMON, K. G., THEBAUD, O., FRUSHER, S. & LITTLE, LR. (2009) A retrospective
analysis of the effects of adopting individual starable quotas in the Tasmanian red
rock lobster, Jasus edwardsii, fishekguatic Living Resourcegp, 549-558.

HARDIN, G. (1968) Tragedy of the Commorgtience 162 1243-1248.

HARRISON, A. J. (2004) A report on the Abalone andk lobster post-harvesting industry.
Hobart, Australia, Tasmanian Abalone Council.

HATCHER, A., JAFFRY, S., THEBAUD, O. & BENNETT, E2000) Normative and social
influences affecting compliance with fishery redigdas. Land Economicsy6, 448-
461.

HILBORN, R. (1985) Fleet dynamics and individualia#ion - why some people catch more
fish than othersCanadian Journal of Fisheries and Aquatic Sciend@s2-13.

HILBORN, R. (2007) Managing fisheries is managirepple: what has been learndéi8h
and Fisheries8, 285-296.

HILBORN, R., BRANCH, T. A., ERNST, B., MAGNUSSSOM\., MINTE-VERA, C. V.,
SCHEUERELL, M. D. & VALERO, J. L. (2003) State dfet world's fisheriesAnnual
Review of Environment and Resour@,359-399.

HILBORN, R. & KENNEDY, R. (1992) Spatial pattern gatch rates - A test of economic
theory.Bulletin of Marine Sciencé&4, 263-273.

HOBDAY, D. & PUNT, A. E. (2001) Size-structured pdation modelling and risk
assessment of the Victorian southern rock lobskasus edwardsii, fisherjarine
and Freshwater Research?, 1495-1507.

HOBDAY, D. & PUNT, A. E. (2009) How much spatialrstture can data for rock lobster
off Victoria, Australia supportNew Zealand Journal of Marine & Freshwater
Research43, 373-385.

HOBDAY, D., PUNT, A. E. & SMITH, D. C. (2005) Modahg the effects of Marine
Protected Areas (MPAs) on the southern rock lobglasus edwardsii) fishery of
Victoria, Australia.New Zealand Journal of Marine and Freshwater ReseaB9,
675-686.

HODRICK, R. J. & PRESCOTT, E. C. (1997) Postwar bis&iness cycles: An empirical
investigationJournal Of Money Credit And Banking9, 1-16.



KULMALA, S., PELTOMAKI, H., LINDROOS, M., SODERKULALAHTI, P. &
KUIKKA, S. (2007) Individual transferable quotastime Baltic Sea herring fishery: A
socio-bioeconomic analysiBisheries Researcl84, 368-377.

LEGENDRE, P. & LEGENDRE, L. (1998) Numerical EcojogDevelopments in
Environmental ModellingSecond ed. Amsterdam, The Netherlands, Elsevien8ei
B.V.

LEWY, P. & VINTHER, M. (1994) Identification of Dash North Sea trawl fisherieBCES
Journal of Marine Scienc&l, 263-272.

LING, S. D., JOHNSON, C. R., FRUSHER, S. D. & RID@W, K. R. (2009) Overfishing
reduces resilience of kelp beds to climate-drivatastrophic phase shiRroceedings
of the National Academy of Sciences of the Unitde$S of Americal06 22341-
22345.

LINNANE, A., GARDNER, C., HOBDAY, D., PUNT, A., MCBRVEY, R., FEENSTRA,
J., MATTHEWS, J. & GREEN, B. (2010) Evidence ofgarscale spatial declines in
recruitment patterns of southern rock lobster Jashwardsii, across south-eastern
Australia.Fisheries Researcii05 163-171.

LITTLE, L. R.,, PUNT, A. E., MAPSTONE, B. D., BEGG;. A.,, GOLDMAN, B. &
WILLIAMS, A. J. (2009) An agent-based model for silating trading of multi-
species fisheries quoABCOLOGICAL MODELLING220Q 3404-3412.

LORENZ, M. O. (1905) Methods of measuring the coricgion of wealthPubl. Am. Stat.
Assoc. 9, 209-219.

LYLE, J. (2008) Tasmanian recreational rock lobsted abalone fisheries — 2006/07 fishing
season. Tasmanian Aquaculture and Fisheries hgstltbniversity of Tasmania.

LYLE, J. M., MORTON, A. J. & FORWARD, J. (2005) Ctamterisation of the recreational
fishery for southern rock lobster, Jasus edwariasil,asmania, Australia: implications
for managementNew Zealand Journal of Marine and Freshwater Reseg89, 703-
713.

MARCHAL, P., LALLEMAND, P. & STOKES, K. (2009a) Theelative weight of traditions,
economics, and catch plans in New Zealand fleetualyes. Canadian Journal of
Fisheries and Aquatic Scienc&s, 291-311.

MARCHAL, P., LALLEMAND, P., STOKES, K. & THEBAUD, O (2009b) A comparative
review of the fisheries resource management sysiansew Zealand and in the
European UnionAquatic Living Resourceg2.

MCCAY, B. J. (1995) Social and ecological implicats of ITQs: An overviewOcean &
Coastal Managemen28, 3-22.

MCGARVEY, R. & FEENSTRA, J. E. (2001) Estimatinghfggh-transition probabilities as
polynomial functions of premoult lengthlarine And Freshwater Researd®, 1517-
1526.

MCILGORM, A. & TSAMENYL, M. (2000) Rights-based fieries development in
Australia; has it stalled? IN SHOTTON, R. (Etll}e of property rights in fisheries
managementreemantle, Western Australia.

MOLONEY, D. G. & PEARSE, P. H. (1979) Quantitativeghts as an instrument for
regulating commercial fisherie§ournal of fisheries Research Board of Cana8a,
859-866.



MRAG, IFM, CEFAS, AZTI-TECNALIA & POIEM (2009) An malysis of existing Rights
Based Management (RBM) instruments in Member States on setting up best
practices in the EUrinal report. London, MRAG Ltd.

MURAWSKI, S. A., LANGE, A. M., SISSENWINE, M. P. &MAYO, R. K. (1983)
Definition And Analysis Of Multispecies Otter-Trawdisheries Off The Northeast
Coast Of The United-State¥ournal Du Conseil pour I'Exploration de la md, 13-
27.

OECD (2006)Using Market Mechanisms to Manage Fisheries : Shiogt the Path
Organisation for Economic Co-operation and Develepin

PALSSON, G. & HELGASON, A. (1995) Figuring fish amdeasuring men: the individual
transferable quota system in the Icelandic cocefiglOcean & Coastal Management,
28, 117-146.

PECL, G., FRUSHER, S., GARDNER, C., HAWARD, M., HORY, A., JENNINGS, S.,
NURSEY-BRAY, M., PUNT, A., REVILL, H. & VAN PUTTEN,l. (2009) The East
Coast Tasmanian Rock Lobster Fishery: Vulnerabibtglimate change impacts and
adaptation response options. Australia, Report e RAustralian Government
Department of Climate Change.

PELLETIER, D. & FERRARIS, J. (2000) A multivariasgproach for defining fishing tactics
from commercial catch and effort dat@anadian Journal of Fisheries and Aquatic
Sciences57, 51-65.

PINKERTON, E. & EDWARDS, D. N. (2009) The elephamthe room: The hidden costs of
leasing individual transferable fishing quoti&rine Policy,33, 707-713.

POOQOS, J. J., BOGAARDS, J. A., QUIRIINS, F. J., G&LD. M. & RIINSDORP, A. D.
(2010) Individual quotas, fishing effort allocaticand over-quota discarding in mixed
fisheriesICES Journal of Marine Sciencéy, 323-333.

POOQS, J. J. & RIINSDORP, A. D. (2007) An "experithem effort allocation of fishing
vessels: the role of interference competition alea apecializatiorCanadian Journal
of Fisheries and Aquatic Sciencéd, 304-313.

PRELLEZO, R., LAZKANO, L., SANTURTUN, M. & IRIONDOA. (2009) A qualitative
and quantitative analysis of selection of fishimgaaby Basque trawlergisheries
Research97, 24-31.

PRESS, W. H., FLANNERY, B. P., TEUKOLSKY, S. A. &BATERLING, W. T. (1992)
Numerical Recipes in Fortran 77: The art of sciBaticomputing Cambridge
University Press.

PUNT, A. E., HOBDAY, D., GERHARD, J., TROYNIKQV, VS. & ZI (2006) Modelling
growth of rock lobsters, Jasus edwardsii, off Mietp Australia using models that
allow for individual variation in growth parametefssheries Researcl82 119-130.

PUNT, A. E. & KENNEDY, R. B. (1997) Population mdlileg of Tasmanian rock lobster,
Jasus edwardsii, resourctarine and Freshwater ResearatB, 967-980.

PUNT, A. E., KENNEDY, R. B. & FRUSHER, S. D. (199FEgstimating the size-transition
matrix for Tasmanian rock lobster, Jasus edwarblkirine and Freshwater Research,
48, 981-992.



ROGERS, J. B. & PIKITCH, E. K. (1992) Numerical ohion of groundfish assemblages
caught off the coasts of Oregon and Washingtongusommercial fishing strategies.
Canadian Journal of Fisheries and Aquatic Sciend8s2648-2656.

SMITH, M. D. (2002) Two econometric approaches poedicting the spatial behavior of
renewable resource harvestdérand Economics/8, 522-538.

SOULIE, J.-C. & THEBAUD, O. (2006) Modeling fleeg¢sponse in regulated fisheries: An
agent-based approadfiathematical and Computer Modelling4, 553-564.

TEAM, R. D. C. (2009) R: A Language and EnvironmtmtStatistical Computing. Vienna,
Austria, R Foundation for Statistical Computing.

THEBAUD, O., BONCOEUR, J. & BERTHOU, P. (2006a) Ré&ing access to marine
fisheries in the coastal zone: key issues. AmuiseReh Group.

THEBAUD, O., DAURES, F., GUYADER, O., TRAVERS, M. &AN ISEGHEM, S.
(2006b) Modelling the adjustment of fishing fle&bsregulatory controls: the case of
South-Brittany trawlers (France), 1990-2003. IN RIMBATIONS, A. (Ed.) Working
paper series.

TROADEC, J. P. & BONCOEUR, J. (2003) La régulatiml'accés. IN LAUBIER, L. (Ed.)
Exploitation et surexploitation des ressources mesivivantesParis.

UCHMANSKI, J. & GRIMM, V. (1996) Individual-based malelling in ecology: what makes
the differencedrends in Ecology & Evolutiori,1, 437-441.

ULRICH, C. & ANDERSEN, B. S. (2004) Dynamics ofHlisries, and the flexibility of vessel
activity in Denmark between 1989 and 200QES Journal of Marine Sciencé],
308-322.

VAN PUTTEN, E. I., HAMON, K. G. & GARDNER, C. (20)1INetwork analysis of a rock
lobster quota lease mark€&isheries Researcli07, 122-130.

VAN PUTTEN, E. I., KULMALA, S., THEBAUD, O., DOWLING, N., HAMON, K. G.,
HUTTON, T. & PASCOE, S. (In Press) Theories andavebural drivers underlying
fleet dynamics model&ish and Fisheries

VAN PUTTEN, I. & GARDNER, C. (2010) Lease quotaHhisg in a changing rock lobster
industry.Marine Policy,34, 859-867.

VENABLES, W. N. & RIPLEY, B. D. (2002Modern Applied Statistics with Springer.

VERMARD, Y., MARCHAL, P., MAHEVAS, S. & THEBAUD, 0.(2008) A dynamic
model of the Bay of Biscay pelagic fleet simulatfirghing trip choice: the response to
the closure of the European anchovy (Engraulis ammaolus) fishery in 2005.
Canadian Journal of Fisheries and Aquatic Scien68s2444-2453.

WARD, J. H., JR. (1963) Hierarchical Grouping toti@pze an Objective Functiodournal
of the American Statistical Associati®8, 236-244.

WILEN, J. E. (1979) Fisherman behavior and the gtesf efficient fisheries regulation
programsJ.Fish.Res.Board Can36, 855-858.

WILEN, J. E. (2006) Why fisheries management failseating symptoms rather than the
causeBulletin of Marine Sciencé;8, 529-546.

WILEN, J. E., SMITH, M. D., LOCKWOOD, D. & BOTSFORDL. W. (2002) Avoiding
surprises: Incorporating fisherman behavior intonagement modelsBulletin of
Marine Science?0, 553-575.



WILLIAMSON, S., WOOD, L. & BRADSHAW, M. (1998) A stio-economic profile of the
rock lobster industry in Tasmania and the effedta shift to a quota management
system on four port communities. Tasmania, Departnoé Primary Industry and
Fisheries.

WINSTANLEY, R. (1973) Rock lobster fishing in Tasma, 1904-1972.Tasmanian
Fisheries researchy, 1-23.

WORM, B., BARBIER, E. B., BEAUMONT, N., DUFFY, J..EFOLKE, C., HALPERN, B.
S., JACKSON, J. B. C., LOTZE, H. K., MICHELI, F.ARUMBI, S. R., SALA, E.,
SELKOE, K. A., STACHOWICZ, J. J. & WATSON, R. (20p8mpacts of
biodiversity loss on ocean ecosystem serviegence314 787-790.

ZIEGLER, P. E., FRUSHER, S. D. & JOHNSON, C. R. (3p Space-time variation in
catchability of southern rock lobster Jasus edwarits Tasmania explained by
environmental, physiological and density-dependamicessesFisheries Research,
61, 107-123.

ZIEGLER, P. E., FRUSHER, S. D., JOHNSON, C. R., ®NER, C. & MG (2002a)
Catchability of the southern rock lobster Jasusaduii. |. Effects of sex, season and
catch historyMarine and Freshwater Researd, 1143-1148.

ZIEGLER, P. E., HADDON, M., FRUSHER, S. D., JOHNSORB. R. & VV (2004)
Modelling seasonal catchability of the southerrkrimbster Jasus edwardsii by water
temperature, moulting, and matiidarine Biology,145 179-190.

ZIEGLER, P. E., JOHNSON, C. R., FRUSHER, S. D., ®NER, C. & MG (2002b)
Catchability of the southern rock lobster Jasusaedsii. Il. Effects of sizeMarine
and Freshwater Research3, 1149-1159.



3 Summary

In the past three decades, there has been a meaedorights-based management of access
to marine fisheries, especially individual tranafde quotas (ITQs). Although it is generally
agreed that ITQs improve the economic efficiency figsheries, few empirical studies
examined how stakeholders respond to the incensisem an ITQ fishery, determining the
actual economic, social and ecological outcomesuch a management system. This thesis
addresses the question of how fishers and quoteerswmake decisions regarding their

fishing activities in the context of an ITQ system.

The study focuses on the Tasmanian rock lobsteerfys In 1998, ITQs were introduced in
the fishery in an attempt to decrease fishing &ffehile the total allowed catch (TAC) would
restore the stock at a sustainable level. Thedhegestigates the dynamics of the fishery as
it evolved during the decade after introduction’@®s. The study is based on an empirical
analysis of the changes that occurred in the féewt its activity, and on a bio-economic
simulation model. To understand the complex dynaroicthe fishery, fishing activity of the
fleet was categorised as metiers that accountherspatial and seasonal heterogeneity of
biological characteristics, infrastructure and \eatencountered in the fishery. These
metiers were used to inform an agent based modetong behaviour. The model combines
individual decisions on allocation of fishing effavith a quota trading market where quota

owners can lease in/out quota according to thgieeted economic performances.

Empirical analysis shows that ITQs reduced the aamacity in the fishery and that the TAC
allowed the stock to rebuild. The impacts of ITQsthe fishery were the results of both
structural changes of the fishing fleet and of tteange of fishers behaviour. Fishers
responded to the management change by modifyingftleing strategies in space and time
to increase profit. In addition, the ownership loé tfishing rights changed toward a higher
proportion of quota owned by non-fishers, althoaghcentration of quota has been limited in

the fishery.

The bio-economic model was used to investigatekthedrivers that underpin fishing and
guota-trading decisions by the fishers and profximising decision process predicted well
the observed fishing behaviour. The limitation afotp aggregation is believed to have
facilitate the reduction of excess capacity offteet but could constrain economic efficiency

of fishing firms. The model was also used to ast#es$uture of the fishery and test scenarios



on the potential impacts of changes in the econ@métecological environment in which the
fishery operates. Although the future of the fighegmain uncertain, integrating dynamic
fishing behaviour in projection models reduce theartainty and the use of economic drivers
to simulate decision process allows to explore dewange of scenarios regarding economic

predictions and their outcomes including social acohomic considerations.



4  Résumé long 2

4.1 Introduction

41.1 Contexte

La gestion des ressources halieutiques est compkaxelle prend en compte des objectifs
écologiques, économiques et sociaux. Dans sesatwais les plus récentes (en 2008), la
FAO (organisation des Nations Unis pour l'alimelatiatet I'agriculture) faisait état de 20%
des stocks halieutigues mondiaux en surexploitatioren voie d’extinction. La gestion des
péches par des mesures traditionnelles de conmervea pas réussi a maintenir les stocks de
poissons a des niveaux durables. Des exemplesiséipent des stocks et d'effondrement de
pécheries se trouvent dans la littérature, malgsénhesures de gestion pour préserver ces
pécheries (Hilborn et al.,, 2003, Caddy et AgnewQ4)0 Bien que le nombre de stocks
surexploités ou épuisés semble s'étre stabilis©(F2009), certains scientifiques ont fait des
prédictions alarmistes concernant l'avenir de lehpémondiale, en prévoyant notamment
I'effondrement mondial des péches d’ici 2048 (Wetral., 2006).

Depuis de nombreuses années, les scientifiqueslentifié le probleme sous-jacent I'échec
de la gestion des péches comme «trop de pécheurpa® assez de poissons» (Berkes, 1985,
Hilborn, 2007). Ceci résulte de la nature d’acéBeeldes ressources halieutiques (Gordon,
1954, Hardin, 1968). Les externalités négativegaséar chaque pécheur sur le reste de la
flottille incitent les pécheurs a étre les premirmsapturer le poisson et alimentent la "course
au poisson». Les poissons sont des ressources amsmet contrairement a d'autres
ressources naturelles, le partage entre propeétaidividuels ne peut se faire a priori. En
principe, lI'absence de réglementation de l'acagsfs que les poissons peuvent étre pris par
quiconque veut pécher. Dans les pécheries en #bceésles pécheurs sont incités a entrer
dans la pécherie jusqu'a ce qu'il ne soit plus @oaguement rentable de le faire, lorsque le
profit d’exploitation est dissipé (Gordon, 19544l flottilles de péche deviennent trop grande
par rapport au potentiel de production des stoekpaissons et la surcapacité de la flottille
conduit & une concurrence entre les pécheurs. essines de gestion diminuant la course au
poisson existent et peuvent étre utilisées pourptéer les mesures de conservation, en

limitant I'acces a la péche. L'utilisation de mesude régulation de I'accés aux pécheries

2 Conformément a I'accord de co-tutelle liant 'Uaiisité de Tasmanie et I'Université de Bretagne @aiale,
la thése a été rédigée en anglais avec I'ajouedésumé long en francais.



s’est développée dans le monde entier pour temtesudmonter les difficultés résultant du

libre accés aux ressources. Thébaud et al. (2@bGagnalysé les avantages et les limites des
différentes approches de réglementation de I'acues pécheries, et expliqguent comment
l'utilisation d’outils administratifs ou économicgi¢els que les taxes et les autorisations de

péche individuelles (transférables ou non) peutiréda course au poisson.

Des mesures de gestion largement proposées eusdesplplus adoptées se basent sur des
droits de péche individuels et transférables (®hritk973, Moloney et Pearse, 1979, Wilen,
2006). Des droits de péche de différente naturegdlétre mis en ceuvre, basés sur l'effort
ou les captures (voir Boncoeur et al., 2006 potypalogie des outils de gestion de la péche).
Costello et al. (2008) ont suggéré que le dévelogme d’autorisations individuelles de
capture a travers le monde permettrait de freisfohdrement de la péche prévue par Worm
et al. (2006). Les autorisations individuelles dptares sont définies comme des allocations
de droits de capture a des particuliers ou cofteageénéralement sous forme de pourcentages
d'un total admissible de captures (TAC). Lorsquedeoits de capture sont attribués a des
individus et peuvent étre échangés, ils sont appglitas individuels transférables, QIT.
L'introduction de QIT a commencé depuis plus datéreans (Chu, 2009). Dés 2006, seize
pays de l'organisation de coopération et de dépelognt économiques (OCDE) avaient mis
en place des quotas individuels pour gérer toyiastie de leurs pécheries (OCDE, 2006). En
2007, au moins sept pays utilisaient des QIT conteue principal systéme de gestion des
péches, y compris l'lslande, la Nouvelle-Zéland@udtralie, le Canada, le Chili, le
Groenland, les Pays-Bas, la Russie et le Maroc ggan, 2007). D'autres pays gerent
eégalement leurs pécheries a l'aide de QIT avecaétgss d’échange variables, parmi ces pays
on retrouve plusieurs membres de I'Union européetase Etats-Unis, le Mexique et la
Namibie (Arnason, 2007, MRAG et al., 2009).

4.1.2 La gestion des péches avec les quotas indiats transférables

En théorie, associés a des TACs appropriés, les Qht pour effets une plus grande
efficacité économique de la pécherie et, indireetetyl’exploitation des stocks a des niveaux
soutenables. Le deuxieme résultat est di au fat méme si seul le TAC contrdle les
captures totales, les QIT sont censés donner uimsett de propriété et de responsabilité aux
participants entrainant un meilleur respect delesg@\nderson, 1995). Toutefois, le principal
résultat attendu des QIT est d'accroitre l'effigaéconomique, comme I'a annoncé Christy

(1973). Pour un TAC donné, la rentabilité d'unehm¥® peut étre améliorée en augmentant



la valeur des débarquements ou en diminuant less cdé péche. Dans de nombreuses
pécheries en surcapacité, un moyen direct de danilas colts de péche est de réduire le
nombre de navires dans la flottille (rationalisajid_a rationalisation d’une pécherie peut étre
facilitée par le transfert des droits de péche. pésheurs les moins économiquement
efficaces peuvent vendre leurs quotas aux péclpdussrentables et quitter la pécherie, avec
les gains de la vente de leur quota (Brandt, 2007).

En plus de diminuer leurs colts, les pécheurs peusmegmenter leur revenu en changeant
leur stratégie de péche et en débarquant des ca®gle poissons avec des prix plus élevés,
augmentant ainsi la valeur des débarquements.eRlgsstratégies ont été adoptées par les
pécheurs pour améliorer leurs revenus tout en texmempte des contraintes imposées par leur
quota. L'un des exemples les plus célebres estédhepau flétan en Colombie-Britannique
(Casey et al., 1995), dans laquelle les péchetegyahient leur quota annuel en deux jours
par an et la plupart des poissons étaient vendugeté&s. Une fois que les QIT ont été mis en
place, les pécheurs se sont vus attribuer unedpaffAC et n‘ont plus eu besoin de rivaliser
entre eux pour capturer leur quota. Ainsi la pégst étalée sur toute I'année assurant un
approvisionnement continu de poisson frais a ux jpiis élevé. Dans d'autres pécheries, les
pécheurs sont passés a des engins de péches IpkigsséDewees, 1989), ont transfére leur
effort de péche pendant les saisons ou les prix plus élevés (Annala, 1996) et ont
augmenté la valeur des produits débarqués paanmaformation du poisson a bord (Annala,
1996).

Malgré des prédictions largement positives en terrdefficacité économique, certains
impacts des QIT aux niveaux économique et socitksonlevé des critiques (Copes, 1986,
McCay, 1995, Pinkerton et Edwards, 2009). Bien lgugansférabilité des droits de péche ait
des effets positifs car elle conduit a la réductilenla capacité excédentaire de la flottille,
l'agrégation des droits de péche par quelques iptapes a été observée dans certaines
pécheries sous QIT et est considérée comme ayaneffiets économiques négatifs. En
particulier, la conséquence de l'accumulation detagientraine un déséquilibre du marché
pouvant conduire a linefficacité du marché (Anders2008). En outre, les questions
d’équité et de distribution des richesses ont ébé@sidérés comme les principaux
inconvénients du systeme de gestion. Les préodomgati'équité sont centrées sur le risque
d'éviction des plus petites entreprises de pédhneseales les firmes les plus grandes ou les
plus riches ont acces au capital nécessaire pbetercplus de quota (Bernal et al., 1999). De

plus, I'économie locale des communautés de pécheeus étre affectée si le quota est



transféré a d'autres régions (Campbell et al., 28@@ason, 1993). Dans la plupart des cas,
des regles ont été appliguées pour éviter ou lindteconcentration de quota, en limitant la

proportion du TAC qu’une personne ou une entrepésd posséder ou utiliser.

Trente ans aprés l'introduction des premiers QIX Bays-Bas pour la plie et la sole et en
Islande pour le hareng (Chu, 2009), lintérét de cammunauté scientifique et des
gestionnaires ne cesse de croitre. Il est maintere@monnu que les QIT ne sont pas une
panaceée et que la mise en ceuvre du systéme néaasskamen attentif des possible effets
sociaux. Malgré lintérét croissant pour les QITest peu d'études ont porté sur le
comportement des flottilles de péche dans le cddrpécheries sous QIT. Des modeles bio-
économiques ont été utilisés pour analyser la tifiparoptimale des quotas entre les flottes
de péche sous les hypotheses que les pécheursangechient pas leur activité de péche
(Guyader, 2002, Andersen et Bogetoft 2007, Armstrenh Sumaila, 2001, Kulmala et al.
2007). Toutefois, I'un des principaux effets attende QIT est que les pécheurs vont changer
leurs pratiques de péche pour améliorer leur rdittabMalgré une prise en compte
croissante du comportement des pécheurs commenigpgal facteur d'incertitude dans les
résultats de la gestion de la péche (Fulton et28ll,1, Hilborn, 2007, Wilen, 1979), des
modéles de comportements individuels ont rarem&na@pliqués aux pécheries sous QIT. Le
développement de modeéles d’allocation d'efforteetriairchés de quotas dans les systemes de
QIT a augmenté ces dernieres annees (voir Litthd.e2009 pour I'application d’'un marché
de quotas, et Poos et al., 2010 pour un exemplaatle de comportement des pécheurs
dans une pécherie sous QIT), il n'existe cepenglamtquelques exemples, tous trés récents,
justifiant I'exploration de ce type de modéle degite these.

4.1.3 Objectifs de la these

Les objectifs de cette these visent a contribuéaraélioration des connaissances sur la
réponse des pécheurs a lintroduction de QIT. cherhe a deux objectifs principaux. Le
premier consiste a comparer les prédictions th@escur les incitations créées par QIT a des
données reéelles sur le comportement des pécheess.dbnnées empiriques, a la fois
qualitatives et quantitatives, sur un cas d’étudlet sitilisées pour identifier et évaluer les
facteurs influencant les réponses des pécheuaatyser les changements dans les activités

de péche. Le deuxiéme objectif est de créer un ladi@-économique, incluant allocation de



l'effort de péche et marché de quotas, afin deucaptles motivations identifiées dans
l'analyse du cas d’étude. Un module de dynamiqudiattlle est ajouté a un modéle
biologique existant. Les décisions de péche ethdidge de quotas sont modélisées au niveau
individuel pour capturer le comportement micro-émoigue a court terme des acteurs de la
pécherie. Le modéle est ensuite utilisé pour discdes effets potentiels de mesures de
gestion et pour simuler des scénarios de pertarmgxternes. Une attention particuliére est
apportée a i) I'examen de différentes regles lmitechange de quotas et de leurs impacts sur
les performances économiques de la pécherie e) & iisimulation de scénarios de
perturbations et I'examen de la réponse de la pécaex changements climatiques et a des
perturbations économiques. La pécherie de langarstdasmanie est utilisée comme cas
d’étude.

414 La pecherie Tasmanienne de langouste

La pécherie de langoustes est la deuxiéme plusrtamie pécherie de Tasmanie en valeur
derriére la pécherie d'ormeaux (ABARE, 2008) mastda pécherie la plus importante en
terme d'emplois (Gardner et al.,, 2004). La valees débarquements a été estimée a 60
millions AUD $ en 2006-07 (ABARE, 2008), tandis dae emplois directs dans le secteur de
la péche et des entreprises de transformation t@nestimés a 1350 personnes équivalent
temps plein en 2002 (Haddon et Gardner , 2009)oure, environ 20000 permis de péche
récréative, ont été délivrés en 2006/07 soit peed% de la population Tasmanienne, (Lyle,
2008). Compte tenu de I'importance économique@éatsode la pécherie, sa gestion durable a
été importante pour la population de Tasmanie. lieistére des industries primaires, des
parcs, de l'eau et de l'environnement (DPIPWE)esbonsable de la gestion de la péche,
incluant la collecte des données de capture diodeflu contrdle des quotas. En plus, de
données de capture et d'effort par jour fournies le@ pécheurs, DPIPWE recueille
eégalement les prix moyens payés par les mareylasr€changes de quotas (temporaires et
permanents) entre les propriétaires de quotas;atasteristiques des navires de péche, et des
informations sur les pécheurs et les propriétail@sjuota. En plus des données collectées
régulierement, des enquéte socio-économiques éreftdctuées juste avant (Williamson et
al., 1998) et apres l'introduction de quotas (Feush al., 2003) et une enquéte économique a
eu lieu en 2007 (Gardner et Van Putten, 2008). uantité et la qualité des données

disponibles faisait de la pécherie Tasmanie dediastg un bon cas d’étude.



La langouste, Jasus edwardsii, est exploitée emdiaig, au sud-est de I'Australie. Bien que
géré comme un seul stock, la langouste Tasmanigr@sente des caractéristiques liées aux
zones d’habitat. Les langoustes sont sédentaires & stade larvaire (Gardner et al., 2003)
alors, les pressions environnementales influenkeentoissance et la couleur de la carapace
produisant une population spatialement hétérog&ans le Nord de la Tasmanie, les
langoustes sont plus grandes car la croissangausstapide dans l'eau chaude que dans les
eaux froides du Sud (Gardner et al., 2006). De, pusouleur des langoustes dépend de la
profondeur ou elles vivent. Les langoustes captudaas les eaux peu profondes sont rouge
vif tandis que les langoustes d'eau profonde sblainghatres» (Chandrapavan et al., 2009).
Depuis la fin des années 90, environ 75% des laigeuTasmaniennes sont exportées
vivantes vers la Chine (Bradshaw, 2004). Sur lechmachinois, le prix des langoustes varie
en fonction de leur taille, déterminée par le ggatinord-sud (mareyeur, comm. pers.), et de
leur couleur, déterminée par le gradient de prodondChandrapavan et al., 2009). Les prix
offerts aux pécheurs tiennent compte de la demenideise. Les langoustes rouges sont plus
chéres que les langoustes blanchatre, entre 2 $ & d@ plus par kg en moyenne
(Chandrapavan et al., 2009). Les petites et moygetar@oustes pouvant étre servies pour
une, deux ou quatre personnes sont les plus clategnant souvent de 5 $ a 10 $ de plus

par kg que les langoustes de plus de 2 kg.

Les prix de la langouste en Tasmanie sont exogeénda pécherie (Harrison, 2004),
principalement fonction du marché chinois et duxtde change entre le dollar australien
(AUD $) et le renminbi chinois (RMB). En plus deadrents spatiaux, des variations
saisonnieres impactent également les performarmmsomiques des pécheurs. Les taux de
capture et les prix de langoustes présentent ddescgaisonniers inversés, les captures par
unité d'effort (CPUE) sont élevées en été alors lguprix de la langouste est faible, tandis
gu’en hiver, les CPUE sont faibles et les prix séletés. Les CPUE dépendent du cycle de

vie des langoustes, de la réglementation et der@mement physique

La langouste a été exploitée en Tasmanie depuisegugremiers colons ont colonisé I'lle en
1804 (Winstanley, 1973). A la fin des années 1889 pécheurs ont commenceé a s’inquiéter
de la baisse des CPUE. Malgré les nombreuses nsedergestion déja en place, I'effort de
péche était plus élevé que l'effort durable et dedieninuer (Anon, 1993). Apres plusieurs

années de débat, I'introduction des QIT a été veté&996. Les QIT ont été mis en place en

mars 1998 et ajoutés aux mesures de gestion déjarges.



4.2 Chapitre 2

Dans le chapitre 2, j'ai étudié les performancesadgécherie 10 ans apres l'introduction des
QITs. D’apres les exemples trouvés dans la lithéeatles QITs impactent les pécheries de
plusieurs facons. Les effets attendus de la miseplane des QITs dans la pécherie
Tasmanienne comprennent une amélioration de tatock de langouste, une réduction de
la flottille, des changements dans les stratégepé&the afin de maximiser le profit des
pécheurs et concentration des droits et de I'détide péche. Les données disponibles
d’effort, de capture et de prix ont été utiliséesipcomparer les effets attendus avec ce qu'il

s’est vraiment passé dans la pécherie.

En moyenne, la pécherie a réagi conformément aémgions. Tout d’abord, la mise en place
d’'un TAC dans la pécherie Tasmanienne de langoastas un effet positif sur le stock en
limitant les captures. Un pic de recrutement, jagtees I'implémentation des QITs, a permis
d’atteindre les objectifs en terme de reconstructie la biomasse de langouste Tasmanienne.
De plus, la pécherie a réagi au changement densgstie gestion, la flottille a été réduite de
25% dans les trois premieres années et la floti@ftante a changé ses pratiques de péche
pour cibler les langoustes atteignant les prix s élevés sur le marché Chinois. Pour
sélectionner les catégories de langouste les mialorisées, la flottille a adapté I'allocation
spatial et temporelle de son effort de péche @edite que la proportion d’effort de péche en
hiver, quand les prix sont les plus hauts a augieintles tailles et couleurs les mieux
valorisées sur le marché Chinois ont augmenté Bendébarquements. Si la transférabilité
des quotas individuels a permis la réduction dsulacapacité en diminuant le nombre de
navires actifs dans la pécherie, elle a aussi dbrdune Iégére concentration des quotas.
L’agrégation de quota a été limitée grace a la maisplace d’'une limite stricte sur la quantité
maximale de quota possédé par personne.

Le bilan global en terme de rentabilité de la péeheste cependant mitigé. Il n'y a pas de
signe de diminution de la profitabilité au courslagériode étudiée mais la pécherie est plus
réactive aux stimulus externes sur son marché digiion, la Chine, gu’aux changements
survenus dans sa propre structure. Cette sensibilitmarché Chinois a pu étre observée
pendant I'épidémie de SARS en 2003 ou les prix glesluits alimentaires dits de luxe
comme la langouste se sont effondrés, mettant &ferdse la vulnérabilité de la pécherie

Tasmanienne au marché Chinois.



4.3 Chapitre 3

Dans le chapitre 3, les effets observés a I'écludlia flottille sont étudiés plus en détails. Les
impacts des QITs identifiés dans le chapitre 2 sanactérisés selon qu’ils sont dus a des
changements structurels de la flottille ou des gharents de comportements des pécheurs.
Les caractéristiques des navires sont utilisées ggaminer 'évolution de la flottille de péche
et décrire les profils des navires sortis, entrésrestants dans la pécherie. Les méthodes
statistiques d'ordination et de classification saotitisées pour définir une typologie des
activités de péche a I'échelle de la marée etchéle annuelle. Les activités par marées sont
définies comme un choix de zone de péche par mioékue choix identifié dans la typologie
est appelé métier. L'activité de péche d’'un nasiréchelle annuelle est caractérisée par la
combinaison des métiers choisis dans I'année,detmaisons de métiers par an définissent
des « stratégies ». Les stratégies sont ensuiliséas pour étudier les changements de

comportements de péche des individus apres laenigéace des QITs.

Les entrées et sorties des navires dans la fésttiBont principalement liées a leurs
caractéristiques physiques et leur région d'origibes navires pouvant utiliser le nombre
maximal de casiers sont entrés dans la pécherigstgae les petits bateaux en bois les plus
anciens sont sortis de la pécherie. Les répongeégattement variées selon les régions, les
navires basés dans les régions les plus éloigre&esdilleures zones de péche (i.e. venant du
Nord de la Tasmanie ou d’autres Etats Australiengt) quitté la pécherie. De méme, la
flottille de la cOte Est de la Tasmanie a été ridaicause des départs en retraite des pécheurs

les plus ageés.

Le changements spatio-temporels des pratiques clee pgbservés au niveau de la flottille
sont le résultat de deux effets distincts. Les péh qui sont restés dans la pécherie ont
augmenté la péche en hiver et dans les eaux pé&ngdes pour obtenir des prix plus élevés
par kilogramme de langouste. Cependant, tres pethalegements ont été observés dans la
distribution spatiale de l'effort de péche des vidlis, les pécheurs restant fortement
dépendants de leurs zones de péche traditionnglles, pres de leur port dattache. Les
changements de zones de péche observés a I'édedbeflottille sont eux dus au départ des

pécheurs du Nord et de I'Est de la Tasmanie.

Les pécheurs restés actifs dans la pécherie dedateg Tasmanienne ont en moyenne
augmenté leurs captures et ont donc besoin de leuguota des investisseurs et anciens

pécheurs pour couvrir leurs débarquements.



4.4 Chapitre 4

Dans le chapitre 4, jai développé un modele deukition de dynamiques des flottilles
intégrant les décisions d’allocation d’effort decpé et de location de quota a un modele
biologique décrivant les dynamiques du stock dgdaste Tasmanienne. Le modele est basé
sur I'approche de modélisation « individu-centygour simuler les effets de l'introduction des
QIT dans la pécherie de langouste de Tasmaniedéesions individuelles concernant la
distribution spatiale et temporelle des pécheuns smdélisées a un pas de temps mensuel en
tenant compte de la rentabilité qu'ils tirent degpéehe de langoustes. Pour chague mois, les
agents simulés dans le modéle peuvent choisir deep&ans un des métiers définis dans le
chapitre 3 ou de ne pas pécher. Le modéle de ¢ocd# quotas est intégré dans le processus
de prise de décision des pécheurs afin de pernatir@écheurs de louer des unités de quota
supplémentaires ou d'offrir leur propre quota ecatmn en fonction de leurs prévisions de
performance économique et de capture. Le modéleutdisé pour étudier l'impact de
différentes limites d’utilisation du quota. Quas®énarios ont été envisagés, i) la location de
quota est interdite et les agents ne peuvent pégleete quota qu’ils possedent, ii) les agents
peuvent utiliser un maximum de 120 unités de quataan (régle jusqu’en 2009), iii) les
agents peuvent utiliser jusqu'a 200 unités de qoatan (régle depuis 2010) et iv) les agents
peuvent pécher autant de langoustes qu’ils veudarit qu’ils louent le quota dont ils ont
besoin pour couvrir leurs débarquements. La péelesti simulée entre 1998 et 2007, soit les

dix premieres années de QITs.

Les résultats de simulation montrent que permédtiecation de quotas a été important pour
réduire la taille de la flottille dans la péchemige 'interdiction de transfert de quota n'aurait
pas conduit a la diminution de capacité observés thaflottille. Le modele a également été
utilisé pour simuler la trajectoire des prix dedtion de quotas durant la premiére décennie
du régime de QIT, et d'évaluer la sensibilité dx pu quota a des forces extérieures telles

que la crise du marché Chinois observée dans lat déls années 2000.

Le modéle capture relativement bien la distributgpatio-temporelle de l'effort de péche
mais tend a surestimer la capacité d’adaptatioriad#ottille et prédit une plus grande
réduction du nombre de navires dans la flottillenparé a ce qui a été observé en réalité. Ce
résultat suggére que des facteurs supplémentaioes)iés a la rentabilité des activités de
péche, influencent la décision des pécheurs deipart ou non a la pécherie.



4.5 Chapitre 5

Le modeéle est ensuite utilisé pour prédire I'avedar la pécherie dans le chapitre 5. La
pécherie de langouste Tasmanienne subit des auegaiextérieures qui affectent sa
rentabilité et sa viabilité sur le long terme. @esssions sont a la fois environnementales et
économiques. Les eaux Tasmaniennes se réchauftanisa de déréglements climatiques qui
ont entrainé des changements dans les courantmigeésa du Sud de ['Australie.
L’augmentation de la température de I'eau semblerfser une croissance plus rapide des
langoustes mais les changements de courants sdnd@itena l'origine de la baisse de
I'établissement de langoustes en phase larvairdesucétes Tasmaniennes entrainant une
diminution de la population de langoustes. De plag)écherie de langoustes Tasmanienne
est toujours vulnérable a des possibles pertut&sor le marché Chinois, son seul marché

d’exportation et principal client.

Trois modeles de comportement de flottilles ont étiésés pour évaluer les impacts de
pressions extérieures. Les modeles varient en eitpld'un modéle simple d’allocation des
captures constante dans le temps et I'espacened@le individu-centré ou tous les pécheurs
choisissent la répartition de leur effort de péare se basant sur des considérations
economiques et interagissent avec d'autres prapdaétde quotas sur le marché de location
de quotas, en passant par un modele supposantrajeetion linéaire de la distribution
spatiale des captures en fonction de la biomassdeloles trois modéles de comportement de
la flottille sont soumis a des perturbations envirementales et économiques. Les scénarios
environnementaux assument que i) le changementaiitjoe a bien un impact sur la
croissance et I'établissement des larves en Tasmani i) qu’il n'y a pas dimpacts
climatique et que la croissance et I'établissentmntiarves resteront proches des niveaux
historiques. Les scénarios économiques integrenhgeothéses sur la tendance générale des
prix de langoustes (croissante ou constante) etlaswariabilité saisonniere du prix des
langoustes (saisonnalité historique ou saisonnab&ervée récemment ou le prix ne baisse
pas autant en été). Les simulations montrent @sil nécessaire de prendre en compte la
capacité d’adaptation de la flottille lorsque |xIpérie est soumise a des perturbations a long
terme. Si les perturbations environnementales capiurées a la fois par le modele utilisant
des projections linéaires fonction de la biomadske enodele multi-agents, seul le modéle
individu-centré est capable d’intégrer des pertiimba économiques dans les décisions des

pécheurs et permet en outre d’examiner les aspecis-économiques de la pécherie.



4.6 Discussion générale

4.6.1 QIT dans la pécherie de langouste Tasmanienne

Cette thése a examiné la pécherie de langoust&asnanie dix ans aprés l'introduction de
QIT pour évaluer la réponse des pécheurs a leus emsplace. Avec toutes les conditions
recommandées favorable a une mise en ceuvre ralssigT, la pécherie de langoustes
Tasmanienne a été un bon cas d’étude pour comprdadréponse des pécheurs a cette
mesure de gestion. Avant l'introduction des QITF, détails du nouveau systeme de gestion
ont été discutés avec les acteurs de la péchaxedas objectifs écologiques, économiques et
sociaux (Ford et Nicol, 2001). Pour maintenir leckt de langoustes a un niveau durable
(objectif écologique), un TAC a été choisi envittd?o plus bas que les captures des années
précédentes (Bradshaw, 2004) et a été ajouté asxirase de conservation pré-existantes
telles que la taille minimale de débarquement,rimigins sur les engins péches et les
fermetures saisonnieres. Des objectifs économigiiesociaux ont également été pris en
compte avant l'introduction de QIT dans la péchaviec deux principales préoccupations: la
répartition équitable des quotas entre les péchatuesrisque de concentration des quotas par
qguelques propriétaires. L'allocation initiale desigas a été l'aspect le plus controversé de
I'introduction de QIT et la raison pour laquelleeyrartie de l'industrie s’est opposée aux QIT.
L’allocation initial de quota fut finalement basger la propriété de casiers (Ford et Nicol,
2001). Pour éviter la concentration de quotas,lidgéges ont été établies sur la propriété et
l'utilisation du quota a 120 unités de quota pegrice ou 200 unités de quota par personne,
soit moins de 2% des 10 507 unités de quota qu@teoka pécherie (Anon, 2006).

Le cas d'étude utilisé dans cette thése préseuntestdes caractéristiques pour un mise en
place réussie de quotas individuels transféral@deafion et Mcligorm, 2009). La pécherie de

langoustes Tasmanienne est une pécherie imporéavate une valeur des débarquements
estimée a 60 millions de dollars AUD en 2006-07 M, 2008), ciblant une seule espece,
Jasus edwardsii, pour laquelle le nombre relativeni@ble de pécheurs (325 navires en
1997) peut obtenir un prix de débarquement plugéétn ciblant des saisons et zones de
péche spécifiques. Ainsi, les conclusions tiréeslad@résente étude ne sont pas toutes
directement transposables a d'autres pécherieestrabultats différents pourraient étre

obtenus dans des pécheries avec des profils mamosables aux QIT comme une pécherie

multispécifique ou d'autres questions comme leggejoivent étre pris en considération.



Les QIT ont été mis en place en raison de I'été@bqmupant du stock de langouste en
Tasmanie au début des années 90. Apres l'intrattuckes QITs, le stock de langouste s’est
rétablit rapidement entrainant une augmentationGRISE (Haddon et Gardner, 2008). Cette
reconstruction de la biomasse est due a un pieaatement dans les premieres années apres
I'introduction de quotas et au TAC. Choisi a uneaiv adéquat et restrictif, le TAC est
essentiel au succes des systeme de gestion pasqBatn que I'effet écologique des QIT est
positive dans la plupart des cas, certaines pé&heromme le flétan du Groenland et
I'noplostete orange de Nouvelle-Zélande, ont eunnsmde succes que la péche de langoustes
de Tasmanie et ont décliné aprés l'introductiorQdiE, probablement en raison d’'un TAC
trop élevé, le manque de contrdle ou des fonctiorme d’écosystémes mal compris (Chu,

2009).

Apres lintroduction des QITs, l'efficacité écongoe de la pécherie Tasmanienne de
langouste a augmenté en raison de la réductioa dadacité de la flottille, des CPUE plus
élevées, et de l'effort de péche ciblant des caggae langoustes atteignant un prix plus
élevé (chapitre 2). La réduction de la surcapazitté assez rapide, 25% des 325 navires
présents en 1997 avait quitté la pécherie en 20i@h qu'il soit inférieur au taux de sortie des
navires dans la pécherie de palourdes Atlantiqué68a de la flottille est partie dans les 4
premieres années de la gestion par QIT, Brand{/)2Q@s changements dans les stratégies
de péche observés a I'échelle de la pécherie @dsude la combinaison d'un changement
structurel de la flottille de péche et de la madifion du comportement individuel des
pécheurs qui sont restés (chapitre 3). Les péclogémant traditionnellement dans les régions
septentrionales ou les langoustes sont plus gragtdsseignent un prix inférieur ont quitté la
pécherie tandis que la flottille du sud de la Tasmaa proximité des zones de péche les plus
rentables est restée stable. De plus, les péchrtistensifié leurs efforts en hiver lorsque les
prix de langouste sur le marché chinois sont élesgsiblée des langoustes rouges de plus

grande valeur trouvées dans les eaux peu profondes.

Bien que l'efficacité économique de la pécheridatgouste Tasmanienne s'est améliorée
depuis l'introduction des QIT, des simulations kasgur les données disponibles et sur des
hypotheses relatives au comportement des pécheggerent que le TAC pourrait étre
capturé par un plus petit nombre de navires etlgy®ix de location du quota devrait étre
plus éleve. Le fait que la flottille simulée esbBomiquement plus efficace que la flottille

réelle reflete probablement I'existence de diversmstraintes et de sources d'inertie qui



influencent les décisions des pécheurs dans léé&géat qui ne sont pas capturées dans le

modeéle.

Le régime de QIT a conduit & I'agrégation de qu@@scertains propriétaires (voir chapitre
2), mais les regles strictes limitant la concerdratie quotas ont permis d'éviter les scénarios
qui vus en Nouvelle-Zélande ou les entreprises &ehg sont verticalement intégrées et
guelques mareyeurs possedent le plus gros du {Batstone et Sharp, 1999). Bien que peu
de concentration de quota a été observée, de pluglus de quota est détenu par des
propriétaires ne péchant pas eux-mémes (les isgestis ou les anciens pécheurs), résultant
en une plus grande quantité de quota louée (vaerPat Gardner, 2010). Les simulations
indiquent que la limite de concentration de quois @m ceuvre en 1998 (120 unités) restreint
I'efficacité économique de certaines entreprisepéite, mais la limite de mise en ceuvre en
2010 (200 unités) ne limiterait la taille des opiéress de péche (chapitre 4). La limite sur le
nombre de casiers de péche utilisés par les p&leuité a 50 casiers pour les plus grands
navires) pourraient toutefois restreindre la tailess entreprises de péche et rendre la limite

sur l'utilisation des quotas redondante.

L'avenir de la pécherie de langouste en Tasmarnié¢réss incertaine car elle est largement
déterminée par des facteurs externes. Aprés unese@epapide observée dans les dix
premiéres années de la gestion des quotas, le deothngouste a diminué vers la fin des
années 2000 (Gardner et Ziegler, 2010). Un dédieitrecrutement de langoustes dans la
pécherie semble étre lié a une tendance régiohat@ane et al., 2010). Le changement
climatique est probablement la cause de changerdantsles courants océaniques entrainant
des colonisations plus faibles par les larves dgdastes (Pecl et al., 2009). L'absence de
recrutement affecte déja les régions du nord olategoustes se développent plus rapidement.
En revanche, la biomasse exploitable a augmentg ldasud du au changement climatique.
Les températures plus élevées ont amélioré lasamoce des langoustes causant la croissance
de la grande population de langoustes sous-tadtésente dans le sud. La croissance
soudaine de langoustes a la taille 1égale entra@imeurt terme, la hausse de la biomasse de
taille 1égale dans les régions meéridionales (chea®). Toutefois, si les faibles recrutement
persistent, la biomasse exploitable diminuera égate dans le Sud (Pecl et al., 2009). En
plus du changement climatique, I'oursin, Centrdsdeps, a envahi la cte Est de la Tasmanie
détruisant I'habitat des langoustes. (Ling et2009).



Outre les perturbations de I'environnement, laasiblmn économique de la péche est également
incertaine car elle dépend en grande partie swgeuh client, qui est le marché chinois. Des
perturbation du marché peuvent fortement affedeviabilité économique de la pécherie,
comme lors de I'épidémie de SRAS dans le débutideges 2000 (Hacourt, 2003). Dans le
chapitre 5, les scénarios étudiés suppose quéxielpiangouste va probablement augmenter
ou rester au méme niveau qu'en début de 2010, arlaigin de Novembre 2010 la Chine a
décidé dinterdire temporairement toutes les lastpsu d'Australie causant une baisse
soudaine des prix de la langouste en Tasmanie. {@otepu de ce récent événement, |l
semble que les prévisions présentées dans cefte @ourrait en fait étre optimiste et
surestimer les profits futurs de la pécherie. Degnarios supplémentaires pourraient étre
testés quant a la tendance générale des prix dedate, de la saisonnalité de la demande ou
de l'évolution de la demande par catégorie de réarch pécherie pourrait également étre
perturbée par un changement dans la structurealds de péche, qui sont aussi en grande
liés a des facteurs extérieurs. Par exemple, lix cholieu de péche est fortement lié aux frais
de carburant des pécheurs. Le prix du carburarararénune forte variabilité depuis le début

des années 2000. Cette variabilité devrait étsemn compte dans les futures simulations.

4.6.2 Modélisation des comportements dans une pécieesous QITs

Les quotas transférables permettent la réductiola deircapacité dans les pécheries ou les
pécheurs les plus économiquement efficaces deraelteter le quota de pécheurs moins
efficaces (Anderson, 1986). L'échange de quotapre@uit parce que les propriétaires de
quotas ont des prévisions difféerentes quant areatabilité en tant que pécheurs. Dans un
modele avec des transferts temporaires seulenwdtin), les pécheurs s’attendant au plus
haut profit par kg louent le quota des pécheurs@migquement moins efficace. Pour saisir la
dynamique des échanges de quotas, les agentsdinelivisont décrits de fagcon explicite et la
dynamique de la flotte de péche est modélisée ave@pproche individu-centré (Uchmanski
et Grimm, 1996). La modélisation individu-centrede dans le chapitre 4 tient compte des
caractéristiques individuelles des agents pourélgdsanges de quotas ainsi que pour les
décisions d'allocation de I'effort de péche. Leigtade ou pécher, de quand pécher et méme
de pécher ou non dépendent de la rentabilité éciopuenattendue pour chaque option. Dans
une pécherie ou la flottille est contrastée en ¢ediarigine géographique, de taille des navires
et d'efficacité des pécheurs, les performances ofsigjues sont différentes pour chaque
individu et la modélisation individu-centrée capgteette hétérogénéité.



Avec des quotas individuels limitant les prisesctlaque pécheur, les pécheurs sont censés
maximiser leur profit marginal et choisir I'act&itle péche avec le plus haut profit par kg.. Si
I'allocation de I'effort de péche est assez bienrid@ par un modéle linéaire fonction de la
biomasse locale (chapitre 5), un tel modéle net fi@s compte de l'influence de facteurs
économiques qui peuvent jouer un role crucial darplication de la réponse des flottilles de
péche aux changements de I'environnement dand leltpseopérent. Bien que la biomasse ait
éte utilisée dans d’autres pécheries pour prédireepartition de l'effort de péche, les
estimations directes de profits ou de revenus Engénéralement préférés pour expliquer des
décisions économiques (Smith, 2002, Vermard eR@08, Marchal et al., 2009a, Prellezo et
al ., 2009). Le modéle individu-centré développésdaette étude permet la description
explicite du processus de décision des propri&tai® quotas basé sur les performances
economiques, et permet de tester des scénariasgimdes perturbations économiques de la
pécherie. Cependant, la puissance de calcul néeegsaur effectuer des simulations
individu-centrées est plus élevée et des donnéasfispues sont nécessaires, en particulier

des informations relatives aux caractéristiquessiddelles des opérateurs.

Dans le modele, le flux dinformation est supposéfgit: chaque agent a instantanément
acces a toutes les données telles que les CPUEmixIdu quota. Par conséquent, la réponse
des agents a l'information qu'ils recoivent esbraielle et immeédiate. En réalité, le partage
de l'information est probablement plus limité, c& ppurrait conduire certains “investisseurs"
a maintenir une activité de péche pour évaluatldde la pécherie eux-mémes. Au début de sa
mise en place, le marché des quotas semblaitipané& en sous-marchés, et les pécheurs
n‘avaient probablement pas accés a tous les quogas,plutét échangaient leur quota avec
des personnes qu'ils connaissaient (van Puttdn 2041). En conséquence de ces limitations
de l'information, et d'autres contraintes technsgguleexiste une inertie dans le systéme réel
qui n'est pas capturée par le modéle. Ceci expligudifférence entre les prédictions du
modele économique et la réalité. Pour inclure ceffiet d'inertie dans le modele, I'écart de
comportement entre des maximisateurs de profisptopriétaires de quotas réels doit étre
mesuré, et des facteurs expliquant linertie, e un délai dans la transmission de

I'information ou 'aversion au risque, devraientedétudiés.

Un des plus grands défis identifiés au cours derogt est le manque de données adéquates
pour intégrer efficacement la dimension économigaes un modeéle de dynamiques de
flottille. Bien que les données de capture et dfeBoient collectées par les pécheurs chaque

jour, les données de codts et de revenus sontdaresla pécherie de langouste de Tasmanie.



Les seules estimations des codts disponibles it étude ont été recueillies en 2007 sur
un échantillon de 14 pécheurs actifs (Gardner et Fatten, 2008). L'absence de données
economiques plus précises rend difficile I'estioratiie colts au niveau individuel et la mise
en évidence des contrastes entre les pécheurspuuies moteurs des échange de quotas. En
outre, une série chronologique des données plusspegsur I'économie aurait été utile pour
étudier si le processus de décision des péchechiaragé avec l'introduction des QIT. Enfin,
I'évolution des performances économiques de lagdelpuis l'introduction des QIT ne peut
pas étre examinée en raison de l'absence de doRonéeemiques avant l'introduction des
QIT. Sans une collecte systématique de donnéeéigues, les décideurs ne peuvent pas
évaluer la viabilité économique d'une pécherierppport a leurs objectifs économiques. Les
résultats de cette theése montrent que le compontehes pécheurs est raisonnablement
proche d'un comportement de maximisation du probutefois, il est difficile de savoir si la
différence observée entre les prédictions du moetela réalité sont dus a des facteurs non-
économiques qui devraient étre inclus dans la neat&n des différents processus de
décision (voir Fulton et al., 2011, et van Puttealeln Press pour la discussion des facteurs
de comportement économique) ou tout simplemenaisom de I'absence de bonnes données

économiques a I'échelle appropriée.

4.6.3 Perspectives pour la recherche future

Le modeéle élaboré pour cette thése ne tient comptede comportements a court terme et ne
peut donc étre utilisé pour des projections a ctarrhe. La flottille de péche de langouste
Tasmanienne a beaucoup changé en dix ans et legezhants continuent. Sur le long terme,
des décisions économiques comme l'investissemetd désinvestissement dans du quota et
des navires et I'entrée / sortie de pécheurs dmtréire incluses pour toute projection au dela
de 5 ans. De plus, les processus de décisionmgjgsidans le modele (allocation de I'effort
et location de quotas) sont basés sur I'hypothegeles agents maximisent leur profit et ne
basent leurs décisions que sur leurs futures pedioces économiques. Dans d'autres
pécheries, d'autres facteurs tels que le risquiesicaractéristiques individuelles incluant des
facteurs normatifs et sociaux (Hatcher et al., 2000t été intégrés dans le processus de prise
de décision (van Putten et al., Sous presse) eintedeles de choix discrets tels que les

modéles d'utilité aléatoire (RUM) ont été utiligont réussi a capturer I'effet de ces facteurs



supplémentaires (Vermard et al., 2008, Wilen et24l02). Une telle approche du processus
de décision pourrait étre développé dans le matkela pécherie de langouste Tasmanienne.

Le partage de l'information est supposé parfaisdarmodele, tant sur le marché des quotas
que sur les CPUE. En réalité, le partage de cemnimation est probablement limité aux

réseaux sociaux. Les défenseurs des QIT semblppbser que les marchés de quotas sera
parfait, en particulier en termes d'information rfAson, 1990, Batstone et Sharp, 2003).
Toutefois, van Putten et al. (2011) ont montré guearché des quotas de Tasmanie a été
subdivisé en sous-marchés dans les premieres aapées la mise en place des quotas.
Différentes structures de marché de quotas poutréiee étudiées afin de tester les effets des

marchés de quotas non-parfaits.

Enfin, les rejets devrait étre pris en compte. Bigre les rejets ne semble pas induire de
mortalité car les langoustes rejetées a I'eau \emyji la sélection de langoustes de tailles
spécifigues a des implications pour les performanéeonomiques de la pécherie. Pour
l'instant, le modeéle biologique suppose que touéss langoustes de taille légale sont
débarquées par les pécheurs. Toutefois, il exetgpeuves que les pécheurs rejettent les plus
grosses langoustes qui atteignent un prix au lgyiedr. Dans un modele de projection ou les
décisions sont basées sur le profit marginal, gatde langoustes de grande taille entraine
une plus faible attractivité des zones ou on lesh@gexpliquant que les agents simulés
évitent les régions du Nord. Une solution simpkedrobleme serait d'avoir la possibilité de

choisir entre différentes options de sélectionargravec la taille / prix du langouste.

Le modéle amélioré pourraient étre utilisé commapsut de décision de gestion. Alors que
les pécheurs commerciaux ont réduit leurs captamesours des dernieres années (Gardner et
Ziegler, 2010), la péche récréative reste sansiaish en pratique. Le nombre de pécheurs
récréatifs n'a jamais été aussi élevé, augmentasi la pression de péche sur le stock de
langouste prés des régions peuplées (Lyle, 20aBisdd le modele pour séparer et étudier les
effets de la péche récréative et commerciale po@tr@ utile a I'élaboration des futurs plans
de gestion. De plus, nos résultats suggérent qutelile nombre de casier par navire pourrait
limiter I'efficacité économique de certains péclkale langoustes qui pourraient accroitre leur
effort dans les mois d'hiver a des codts réduitatéisant plus de casiers. Le modeéle pourrait
étre utilisé pour tester divers scénarios de lititade casiers comme un outil d'aide a la

décision.



4.6.4 sur l'utilisation des QIT pour gérer les péchries

Les QIT ont réussi a restaurer la viabilité de éaherie de langouste Tasmanienne. Malgré
les difficultés rencontrées par la pécherie corahia la réduction du TAC commerciale ces
derniéres années, le sentiment général parmi dsepés rencontrés lors de la préparation de
cette these est qu'il ne resterait peut-étre pg®deerie professionnelle si les QIT n’avaient
pas été mis en place en 1998. Le succes des Qloatie pécherie semble étre lié en grande
partie aux discussions menant a la mise en ceugrguietas individuels qui ont inclus tous

les acteurs de la pécherie (Ford et Nicol, 2001).

Ce projet a été co-financé par l'institut de rechermarine francaise, I''FREMER. Le but
était d'utiliser un cas d’étude avec suffisammeatdbnnées pour tester un modeéle de
comportement de péche dans un systeme de QIT ugtifales connaissances de base et
d’alimenter le débat actuel sur la nouvelle palisceuropéenne commune de la péche (PCP).
Des problemes ont été identifiés dans les péchetespéennes et plusieurs options de
gestion sont étudiées pour régler les difficultéscontrées dans les pécheries européennes
actuellement (Anon, 2009). Il est clair que la Cassion européenne est en train d'évaluer
les moyens de mise en place de QIT a plus grartugléalans I'Union européenne (UE). En
effet, les Pays-Bas et le Danemark ont déja recaurs QIT pour gérer certains de leurs

pécheries.

"Notre objectif devrait étre un systeme qui conteba formaliser des droits de péche
individuels, de maniere a faciliter une plus gratdmsparence, de sécurité juridique, de
sécurité et, finalement, une plus grande efficaéiténomique pour les pécheurs, ce qui

implique également une réduction des colts porgdie de la société. "(Anon, 2007)

Bien qu'il y ait une impulsion forte vers les Qland plusieurs pays d'Europe septentrionale,
la Commission européenne reconnait que les QlTonems une panacée et que la mise en
ceuvre de ce régime de régulation de l'acces estquestion délicate, nécessitant une
discussion préalable a sa mise en place. Plusgestions ont été identifiees comme des
sujets clés pour les discussions a venir (Marchal.e2009b, Anon, 2007). Parmi ces sujets,
certains sont d'ordre politique tels que le priadie «stabilité relative» entre pays de I'UE qui

consiste a maintenir une proportion constante d&€ au niveau des pays. Ces sujets et



d'autres pourraient étre étudiés au moyen de motédeéconomiques comme celui présenté
dans cette thése, se concentrant sur les questoosncentration de quotas et des limites de
détention de quotas (chapitre 4). En outre, desasms sur I'allocation initiale et sur qui peut
posséder du quota peuvent également étre envipagda modeélisation. Enfin, la question
des rejets dans les pécheries mixtes a égalemerété@diée (Branch et Hilborn, 2008) et
modélisée (Poos et al., 2010, Little et al., 2008)type de modele présenté dans cette étude,
combinant allocation de l'effort et marché de gsotdoit étre utilisés pour étudier les

conséquences biologiques, économiques et socialiesndise en ceuvre de QIT
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