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1. Objectives

1. To determine the costs associated with transtaréobsters.

2. To model the economic outcomes of translocdiased on available biological
data.

3. To combine the cost and economic outcomes ibio-aconomic model.

4. To model the economic viability of large-scakmslocation operations to achieve

yield increases.

oo

To identify further data requirements from figperiments.
To evaluate cost recovery options for a longiteperational system for
translocation.

N

2. Non-Technical Summary

OUTCOMES ACHIEVED

Translocation involves the shifting of undersizekréobsters to new areas to increast
productivity and/or quality of product. We modellige translocation of rock lobsters
from four original sites to four release sites vathange of growth rates.

Most model scenarios led to increases in yiel@ast double the status-quo. Greate
gain occurred with simulations of the translocatdfiemales from the SW to the NW
— in these cases the translocation of 1 tonneol@dhtost no loss of yield at the origin
site but a 1.6 tonne gain at the release site.

Levels of egg production in northern regions aneasagement issue for the Tasman
fishery and the model indicated that these wouldripoved by translocation.
Modelling suggested that both yield and egg pradadienefits would be greatest
when smaller females are translocated and whesltreation is integrated with
increased regional size limits in the north.

To identify crucial input data that impact or #gaconomic viability of translocation.

D

S

an

Economic modelling of scenarios that involved th@vement of five tonnes of lobster
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Rock Lobster Translocation

by charter indicated that it is possible to gereegat additional kilogram of catch for
around $2.60. This compares favourably with curtease costs of over $15/kg. Net
state benefit was $160,000 per five tonne trip bjpa@tered vessel. The internal rate| of
return for these operations was around 200%, wtocistitutes an extremely attractiv
investment.

[4%

Three possible systems for funding translocatiorevdeveloped and each involved an
allocation of additional quota to fishers. Tramsgition appears to offer a feasible
option for sustainably and substantially increasiedd by converting low growth, low
value lobsters into more productive, higher vahlssters.

The outcomes of translocation of lobsters in Tasenenere examined to determine if
the practice is feasible for increasing econometdyi Biological and economic models
were developed and linked. This allowed the sinmabf the translocation of a cohort
of undersize lobsters between four sites of orggid four release sites. Sites were
selected on the basis of existing data and spamnaage of growth rates from low-
growth, deep-water SW sites (Maatsuyker IslandRort Davey) to rapid growth areas
(King Island).

The model process involved the capture and traasttof a cohort of lobsters
between the origin and release sites. The dynaofiites cohort were then modelled
and contrasted against expected outcomes if trtddbhad been left at their original
site. Modelling of the catch of translocated lobste@as based on current estimated
harvest rates and selectivity at release sites.

Results indicated large gains in yield were posdibtough translocation. Capture rates
of undersize lobsters at origin sites were higthsd harvest of one tonne of lobsters
would be expected to require less than a day (@litbed escape gaps). Gains in yield
of greater than 100% were possible through manyasaes although generally greatest
when distances between sites were greatest. @&ayredd were trivial when lobsters
were simply shifted from deep water to inshore imihregion and these moves do not
appear to be worthwhile. The largest gain in ymedicted was that of shifting one
tonne of female lobsters from Port Davey to Kingnsl. In this scenario, almost no
yield was forgone and around 1.6 tonnes of catchgea@ned.

Total egg production was generally reduced by tomasion although under scenarios
where smaller females were translocated, both gettitotal egg production could be
increased. Egg production was increased in tleasel site for all scenarios, which
implies that translocation would assist the managgrpolicy of rebuilding northern
egg production. Increase of northern size linmtsonjunction with translocation
would act to further increase both yield and eggdpction.

Additional field experimentation is needed to pdevinput data before translocation is
adopted. Results were sensitive to the survivdlmavement of lobsters at release, the
time required for lobsters to transit growth, aneé patterns in onset of maturity at the
new site. Data on density dependent growth andatitgris required to evaluate the
outcomes of large-scale translocations. Incredsedity at release sites would be
expected to increase yield as harvest rate woudlinge but this gain may be reduced
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by slower growth if translocation operations becaxtensive. Lower density at the
origin sites would also be expected to increasle yie

The biological model contributed a range of indotthe economic model. In addition
to data on gains in yield through translocatioe, tiological model estimated the days
required to catch a given tonnage of undersizedobsvith or without grading for sex
and size, and the size structure and thus the maiike categories of the catch.

The economic model considered two different optimndranslocating lobsters,

shifting by specific charter, or by fishers retamitheir undersize catch and releasing at
a different site on their return journey. Thislgess indicated that the cost to generate
an additional kg of quota through chartered trazegion was $2.60 and $2.84 for
translocations from Maatsuyker Island and Port Ddee<ing Island respectively.
Under a worst-case scenario for all biological paaters the cost rose to $10/kg, which
is still considerably less than the current leassef over $15/kg. Thus translocation
appears to provide an economically feasible ogomncreasing catch and profitability
of fishers.

State benefit from translocation was maximised whenslocations were charter
operations between slowest and fastest growth .axedsState benefit for operations
involving the transport of 5 tonnes was $160,00Cliese scenarios. The internal rate
of return for these operations was around 200%chvbonstitutes an extremely
attractive investment.

Translocations by fishers had lower cost than ehaperations but also lower State
benefits, as longer distance translocations wessefimasible. Translocations by fishers
between deep water SW and inshore SE providedasulstyield benefits and appear
economically feasible with the caveat that a mamayg mechanism must be
developed to increase quota. This process appsearematic because the sites and
guantities involved were less regulated than farigr operations.

Gains through translocation were largely associatédthe increase in productivity
rather than the increase in marketability. Assaltetranslocations from deep-water
sites in the SW to shallow-water sites do not appeanomically feasible.

A shortcoming of the analyses presented here veamébility to scale up scenarios to
provide information on the total increase in cadold economic yield that could be
achieved through translocation. This requires oupd modelling of Tasmanian
lobster stocks with assessment cells split intgpdew shallow water. In addition,
information on density dependent processes is redjto determine the effects of
altered density on productivity at both the origimd release site.

Management options for increasing yield throughgtacation were developed through
port meetings. The three options developed wajahét fishers would transport some
of their undersize catch through normal fishingragiens; (b) that a government
business unit would lease additional quota andrévenue would be used to fund
charter and monitoring operations; and (c) thava bn all quota holders would be
used to fund operations through a government bssiarit. The motivation for all
scenarios was that quota would be increased as fsaatien of the gain in exploitable
biomass (say 50%). The remaining fraction woulhtz a net gain to the resource
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through translocation so that in addition to quetgg production, opportunity for
recreational catch, and environmental values waldd be increased.

Under these conservative scenarios where only Sa%gancrease in yield was
allocated to commercial fishers, the cost for comumaéfishers would be less than
$10/kg of additional quota. This cost includesrt#raoperations for the capture and
release of lobsters plus research and observes fayghe operations. As lease costs in
2005 rose to in excess of $17/kg, translocatioreapgl to provide a feasible and
economically attractive option for sustainably eesing yield and value in the fishery.

KEYWORDS: rock lobster, Jasus edwardsii, translocation, yield increase,
sustainable development, bio-economic modelling.
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4. Background

The Tasmanian lobster resource is characterizéarg spatial differences in growth
and reproduction parameters. Although the biolsgsariable spatially, the same
management rules are applied across the fishdegt &ynamics are also uneven and
effort increasingly targets depleted inshore avdasre high value, hard-shelled, red
lobsters are located. Problems with the curreptageh include (a) massive loss of
yield through growth overfishing/underfishing degemg on growth rate; (b) egg
production concentrated in one region, rather tretnrally distributed; (c) reduced
economic yield through discounting of deep watésters; (d) stock rebuilding
objective of quota management impaired; (e) elelptgential for ecological impacts
of fishing.

In 2004, management and industry requested a resfi@ptions to address these
spatial problems. Of the 8 options reviewed, drdpslocation addressed all issues.
The TRLFA, TAFI and DPIWE subsequently undertooleaperiment to test some of
the premises of translocation. That experimentated improved growth and colour
change and thus further investigation was warraritkd project has been discussed
and strongly supported at CFAC, CRAG, TRLFA meetjrand port meetings. In
August 2004, the industry voted on the need faeassh to overcome spatial
management options — and the motion was passedsindtig support.

A research proposal to examine the potential ofstcation was subsequently
submitted to FRDC who requested preliminary modglbn the economic feasibility
of the system. That research is presented here.

5. Need

Modelling of the Tasmanian lobster resource hagatdd that loss of yield through
spatial differences in growth of lobsters is gretttan 25% of the TACC. Fishery
management is the same across the State yet gratethvary dramatically.
Consequently, catch rates are far below their piaien northern and southern
regions.

Effects of fishing on egg production/recruitmentl@atology also appear poorly
managed spatially with high levels of depletiorsame areas while other regions are
virtually unfished. Latest stock assessments kaweevn that regions in the north of
the State have levels of egg production below 20%rgin which is well below
management targets of 25% (Gardner et al., 2005)oncern, recruitment in some
regions of the fishery have declined relative ® 1860’s (Frusher et al., 2003) and
model project indicate low probability of improviregg production under current
management systems (Gardner et al., 2005).

Increasing catch targets high priority areas instin@tegic plans of each stakeholder.
The Tasmanian Government has stated their intgmirgue growth in primary
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industry as a key strategic area through the “Starowth” strategy. The project
squarely targets all aspects of the Universityadniania's “EDGE agenda”,
particularly through “Engagement” with the commuyry delivery of a substantial
economic benefit. The need for this research has lakentified by the commercial

and recreational lobster sectors in each stratgdgitfor crustacean research since the
first plan was produced by the CRAG in 1996, spealify under the topics of “stock
enhancement” and “translocation”.
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6. Abbreviations and symbols

CL
co
com
CP

FC
IRR

TAC
TACC
TC

tl

Pot allocation

Carapace length

Market colour category

Commercial (associated witles)

Captured in pots (associated WRR)

female

Instantaneous fishing mortality (associated WitandZ)
Fixed cost (associated wittfC andTC)

Internal rate of return

von Bertalanffy growth parameter (associated with
Length

Quota lease cost or opportunity cost of owned quota
Legal minimum length

male

Instantaneous natural mortality (associated WidndZ)
Maintenance costs

Number (associated with)

Net present value

Origin site (associated witt)

a) Site or place in relation to cost; b) priceefation to

revenu
Proportion females mature (associated Witlnd SB)

Quantity (associated with)

Release site (associated wibh

Revenue

Release cost

Research (associated wibm)

Rock lobster

Retained in pots (associated W@R)

Selectivity

Sex

Egg production (associated wihandQ)

Emigration loss post-translocation (associated with
Total allowable catch

Total allowable commercial catch

Total cost (associated wit¥C andFC)

Translocation option (charter vs fishers retainingersize)
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TLC Total translocation cost

TR Total Revenue

TRA Transport cost

TRIP Fishing trip costs

U Undersize capture cost

\% Eggs produced per female (associated &itlandQ)
VC Variable cost (associated willC andFC)

w Weight (associated witN)

Y Yield (weight)

Z Total mortality (associated with andM)

0 Discount rate (annualised risk free rate of return)
T Profit function

Q Transport and post-translocation mortality (asgediavithT)
L., von Bertalanffy growth parameter (associated \Kith
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7. Yield and egg production.

7.1 Introduction

This section describes the devel opment of a biological model that provides input data
for economic analyses. In addition it contributes to objective 6: identifying the need
for further field experiments for data collection.

The biological model incorporates a range of input data, which are described in more
detail in Appendix 3.

The Tasmanian rock lobster fishery consists ohtlreest of around 1500 tonnes per
annum by the commercial sector and an addition@ltédnes by the recreational
sector (Lyle and Morton, 2004; Gardner et al., 200Buota management was
introduced in 1998, which reversed the previousdref declining catch rates and led
to an increase in legal size biomass for the staewhole. Management attention is
now more focussed on regional management issuealsm@n opportunities for
growth in the industry.

Spatial issues are a recurrent issue for manageshdatus edwardsii (Hutton, 1875)
fisheries in Australia and New Zealand due to negialifferences in the biology
lobsters and the behaviour of the fleet. In Tasemajuota management compounded
the heterogenous distribution of effort by driviighing effort into regions where
catch rates were lower but the value of individabkters is highest — shallow water
(Bradshaw, 2004). As a result, there is now adtirincreasing stocks in deeper
water areas around Tasmania; similar patterns appé® occurring across the range
of the species where quota management has beedun&d (Pers. comm. David
Hobday, DPI Victoria; Adrian Linnane, SARDI Southugtralia).

Heterogeneity in biological parameters has bearon€ern ford. edwardsii
management well prior to quota management as bgsit controls such as size limit
are poorly suited to many regions. Effects includstly different levels of egg
production and biomass relative to virgin stocksveen regions. Management
response to these differences includes differeetlgnits and regional quotas
although this is at a very coarse scale. For ei@mply two different LML regimes
have been implemented across southern Australia.

Several specific issues of a spatial nature noviraohmanagers of rock lobster
stocks across southern Australia. Egg productaase to virgin levels in some
areas while others are highly depleted. Biomalésvis similar trends with concerns
about local ecological effects in depleted aredglds are consequently sub-optimal
in many regions with harvest at sizes well aboveadow that suggested by per-
recruit analyses (Punt et al., 1997).

Numerous management options have been discussedltwith these spatial

problems. They include lower size limits in slomgth regions and higher limits in
others, special quota incentives to push commeeffait offshore, closed areas, and
maximum size limits. An option that has been prteddy the commercial industry
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is the shifting or translocation of lobsters fromeaegion to another. This proposal
involves shifting lobsters from regions where grovg slow so that yield is being lost
through sub-optimal LML or from deep-water areas tire lightly fished due to
lower prices for pale-coloured deep-water lobstéisbsters could be released into
inshore regions where growth is faster, marketgssdigher, and where there is a
desire to rebuild stocks due to concerns aboupdissible ecological effects of lobster
fishing (Lafferty, 2004). Discussions on the admpiof translocation as a
management tool have also included discussioncoéased size limits (LML) in the
north with the objectives of raising the exploimbiomass, catch rates and egg
production. Managers and Industry are interestede way that translocation could
interact with any changes in LML.

The presence of extreme spatial heterogony in ¢grénas led to several translocation
trials over many years. Winstanley (1975) discdg¢sznslocations in the 1940s to
manipulate egg production and again in 1971 tcemee yield. Experimental
translocation of around 1200 lobsters was undentak@004 and this demonstrated
that lobsters adopt the colour and growth ratébef new location. However,
numerous issues have been raised that requireefugkearch before translocation
could be considered for management and pilot ¢dale would clearly be warranted.
This type of research is potentially costly andstheeds to be both justified and well
targeted. The modelling presented here providgsde to the effect of translocation
on yield and egg production plus it serves to idgbiological parameters that have
greatest influence on translocation outcomes amslshould be targeted in any future
research.

7.2 Methods

7.2.1 Assumptions and limitations of the biologicaidel

Assumptions have been made in the constructioheofrtodel that influences
outcomes. These relate to data inputs of bioldgicd also the model structure.

Stes

The model uses information from several sites atdhe Tasmanian coast that have
received a high level of research sampling. Theasn implicit assumption that these
sites represent broader regions around the caahtjibterms of biological
information such as growth, and also in terms stidry characteristics such as catch
rate and expected sex ratio in catches.

Growth

Growth was estimated for this model from tag regeptiata. We have assumed that
tagging does not retard growth and that the voraBarffy growth model described

in Appendix 3 provides an appropriate basis forstaction of the size transition
matrices. Crustacean growth is step-wise throughlting, and this can create biases
in the estimation of growth parameters. For exangbnsider the case where a
lobster grows 10 mm in a single annual moult.ad¢fging and recapture occur one
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week before and after the annual moult, growth @agpear very rapid over the two-
week period of data collection. Conversely, if kblester were tagged immediately
after the moult and recaptured 11 months lategrowth would be recorded despite
the protracted 11-month period at large. Thetlbsould be growing at the same
rate in both cases, but estimates of growth paemnetould differ markedly.

Risk of bias was reduced by restricting analysestés with extensive recapture data
and where tagging occurred over a protracted pafitdne. Future modelling would
be improved by incorporating interannular time-stepthe estimation of growth
parameters.

Timeto transit growth

The biological model of translocation contrastsydapons of lobsters left at their
original site or moved to a new site. Lobsters #ra translocated are assumed to
adopt the growth rate of their new site. Whilelipnaary field trials have
demonstrated that this is a valid assumption, tiseséll some uncertainty about the
time required for lobsters to transit between tifieint rates. We have examined
the effect of different transit times with sengigesting.

Length-weight

Length-weight parameters were estimated for eaclasé for deep- and shallow-
water lobsters separately. The length-weighticglahip varies with moult stage,
which was not incorporated in to the model becausannual time step was used.

Natural mortality

Population models such as that used here are bypsemsitive to estimates of natural
mortality, yet natural mortality is typically pogréstimated. We estimated natural
mortality here from two extensive data sets antbtethe sensitivity of these analyses
on model outcomes (Appendix 3).

We assumed constant natural mortality with lengthhe basis of the form of
residuals from the length-based catch curve arsatiescribed in Appendix 3.

Female size at maturity

Female size at maturity was estimated by a starajgytbach of fitting a logistic
curve to catch data. This has the implicit assionpaf equal catchability of
immature and mature lobsters of the same length.

Transition of maturity

As per growth, lobsters that are translocated ssaraed to adopt reproductive traits
of local lobsters at their new site. Maturity lzesadded complexity as it is unclear
what will occur if a small but mature lobster iartslocated to fast growth site where
local lobsters of the same size would normallyrbmature — do these females revert
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to being immature or remain mature? We used sehgiesting to examine both the
effect of different times to transit to local matuipattens, and also the issue of
whether or not small mature females can reveretogpimmature.

Sperm limitation

Egg production was assumed to be independent ohéhe population.

Density dependence

Density dependent interactions can be expectadflteence the outcomes of
enhancement operations through changes in bothtlyrawad mortality (Lorenzen,
2005). Incorporation of density dependence inteoael of translocated animals is
more complex as increases in density at the reltswiill be accompanied by
decreases in density at the harvest site. Thue theuld be a prediction of
translocation leading to increased yield per re@uthe harvest site and decreased
yield per recruit at the enhanced site. This aspittanslocation was not addressed
in the current model as data were not availalti@ppears to be an important issue for
future research.

Fishing mortality

Estimates of regional Tasmanian fishing mortaligrevobtained from several
sources, described in Appendix 3. None of theseces provided separate estimates
for deep and shallow water although differenceartfeexist due to fishers targeting
higher value lobsters in shallow water. The sensitof translocation benefits to
estimates of fishing mortality from different deptivas tested here. Obtaining
estimates of deep and shallow fishing mortalitgnamportant research need were
translocation to be adopted.

Catch rates

Two types of catch rate data are used here: conmheatch rates and research catch
rates. Research catch rates from pots withoupesgaps were assumed to estimate
catch rates of undersize lobsters in translocaiperations. This was a conservative
assumption because research trapping is not caatlugth the objective of
maximising catch rates.

Stock size

Analyses conducted here were intended to examenéetsibility of translocation.
No attempt was made to structure the model sattiaatuld provide guidance on the
scale of possible translocation. This would regjinformation on deep water stock
sizes, for which there is currently inadequateltaampling data.
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Release mortality

Release mortality was assumed to be equivalehiatoof 35 mm, tank-reared
juveniles released by Mills et al. (2005). Thissveanservative because translocated
lobsters would be larger and experienced in livimidp predators (rather than in
tanks).

Movement at release

Estimates of survival by Mills et al. (2005) incorpted loss through movement. We
conservatively assumed that a lobster that walkeaydrom the release site was lost
from the fished population.

Fleet dynamics

The model presented here does not incorporatedigstmics as there is no estimate
of total stock involved, and fleet movements as® @ function of the TAC. Fleet
dynamics would be expected to lead to shift inrétilmwvards release sites as catch
rates increased. If translocation led to an irsea exploitable biomass, harvest
rates would drop relative to the fixed rates usetthis model — which would lead to
more positive outcomes for the fishery. Henceapproach was considered
conservative.

7.2.2 Sites

Eight sites around Tasmania were chosen to exaimanslocation exercises (Figure
1). Each site had been sampled for previous relsgmojects so extensive data were
available. The four deep-water sites were betw@®and 120 m depth with the
exception of Sandstone Bluff, which was 40-60 nil. sAallow sites were less than 40
m. The Taroona site is a marine reserve and v&sras] to be representative of
fished waters in the region in terms of growth sastad maturation. This range of sites
allowed the evaluation of translocations over shmtances from deep to shallow
reef, and also longer distance translocations souath to north.
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Sandy CapDe

- Sandstone Bluff

£ ngaria
Port Davey & e Taroona
Maatsuyker%; Inshore SW
100 0 100 Kilometers

Figure 1. Sites selected for model evaluation of the traraion of lobsters. Maatsuyker Is., Pt.
Davey, Sandy Cape and Sandstone Bluff were seleststbw-growth, deep-water sites for capture of
lobsters (hollow squares). Remaining sites weadl@ah water (<40 m) release sites (solid circles).

7.2.3 Population dynamics model

The outcomes of translocation were modelled wilexaand size structured model
that had 2 mm size categories from 60 to 200 mna@lyearly time steps. The
model had three modules. First, lobsters belowagal minimum length (LML)

were captured at deep-water sites. ScenariosdedItaking all lobsters below LML
or the grading of catch by sex or size. Two outesfior this sample of lobsters were
then examined. Lobsters could be transferredtevg shallow-water site with more
rapid growth rates. The alternative fate was th@robor status quo situation where
lobsters were allowed to remain at their origingd.s

Sdlection of lobsters for translocation

The expected number of lobsters of each seéx each length (size binl) captured
per potlift N§F was based on the numbers captured in researcHisgrmps N.7°.

These were scaled by the catch of the legal-siaetbonent of the research catch
(N{%,05 for females andN; 3, for males) relative to the legal-sized catch of

commercial operators in weigt™ in the same depth range and in the same
logbook fishing block (roughly a 50 x 50 km blod&) years 2002 to 2004 inclusive.
Effort in both research and commercial fishing agiens was in units of potlifts
(f"™and f ™). This scaling on the basis of legal-sized caath was necessary to
account for greater efficiency of commercial oparsivho would conduct

translocation exercises, relative to the catclsrathieved in research voyages where
length frequency information was collected.
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CCOm/ fcomm
(EFDrETIE

NS = ZIN

Mass at length for each s&#*, was determined using parameters estimated from
samples of deep-water (>60 m) lobsters.

W e = 0,000271%* W™ =0.000285%°*'* (unpublished data, TAFI).

| deep | ,deep

The sex and length composition of the sample o&tside lobsters selected for
translocation affected the economic outcomes thralijerences in the population
dynamics of released lobsters and also throughdbkerequired for additional fishing
effort if undersize lobsters were graded priorémslocation. The weight of lobsters

retained per potlift for translocatioW ™ varied through grading to alter the sex and
length of the number of lobsters retained per faddr translocation (\ISFf,P),

W™ = ZX NS

Weights and numbers of lobsters retained for tcanagion were determined in terms
of number of lobsters in each sex and size catggaryonne of wet-well capacity

Nsvftwe” and the number of potliftg “*" required to capture a given tonnage of wet-

well capacityw !

to understanding the potential cost of translocatio

. Both these measures affect cost of capturetrargidontribute

fcapturel :Wwetwell/WRP and

wetwell _ ¢ capturelp | RP
Nsl =f Nsl

Dynamics of translocated |obsters after release

The equation that describes the number of aninfaadh sexs from each initial size
| class after one year+ 1 takes account of the number in each sex and Eze at

the beginning of the yeaX,,. (in the first year, specifically the number reled) the
proportion of lobsters that grow from size classito size clas$ according to a
transition matrixX’, , instantaneous natural mortaliy , selectivity of the gea§’,
exploitation rate of fully selected lobsters grealan the minimum legal
lengthF, ., ,, , proportion emigrating from the release regionand the proportion
dying through the process of transport and rel@asgomparable to discard
mortality):
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Nts-l-l,l = Iz' XIS',I Nts,l'e_M {1_ SS'FI,ZLML}(:L_ (Tt + Qt))

Von Bertalanffy growth curve parameters estimatechfeach capture and release site
described changes in size through time with vasiresvn in Table 1. No estimates
were available for females from Port Davey so pa&tans from the adjacent site,
Maatsuyker Is. were used for model scenarioss uhiclear how long lobsters take to
adopt the growth rate of their new location sottime to transit between growth rates
was varied from 0 to 2 years.

Table 1.Von Bertalanffy growth curve parameter estimatesufficient recaptures of female lobsters
from Port Davey were obtained for growth to bereated. (source: unpublished data, TAFI).

Females Males
Site n L. K o n L. K o
Deep
Maatsuyker Is. | 1862106.61 0.0437 0.9457/4144 122.42 0.1954 2.6006
Port Davey - - - 1182116.26 0.1938 1.8507|
Sandstone Bluff 4677107.40 0.4072 1.3251/2667 122.28 0.4592 3.2661]
Sandy Cape 166 127.39.1701 5.5053 124 178.12 0.1390 7.6030
Shallow
Inshore SW 2768112.28 0.0978 1.2171/1496 122.67 0.3014 2.7679
Maria Is. 539 112.73.0979 2.4228 366 122.67 0.3015 3.9531
Taroona 5304132.41 0.1760 2.70507413 182.44 0.2279 4.2466
King Island 375 147.79.3029 3.1428 472 184.26 0.2601 4.2871]

Yield resulting at the release sife from each translocation exercise was determined
by:
Y, = zt:zl NoW5 S°F,

s S

2 min

wherel ;. is the legal minimum length for each sex and weighength and depth

for each seX\, was generally based on data from shallow depths.

W= =0,000271% W™ =0000285%% (unpublished data, TAFI).

Exceptions to this occurred when testing the efééthe time taken to undergo
transition from deep- to shallow-water morphologg @¢hus adopt the new weight
length relationship. This was allowed to vary frOrto 2 years.

No attempt was made to differentiate the catchylike be taken by different sectors
as commercial, recreational, illegal and aborigaral all encompassed in the
estimates of fishing mortality applied.

The effects of translocation on egg production wfasterest as most proposed
release sites are considered to have low levedg@production:

B, = ;lel,pVI N
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where SB, is the egg production at each place or gite This was determined from
the number of female lobsters surviving in eachr peal size clast\,;™, the
proportion of females in each size class that weatureQ, , and the number of eggs
produced by a female in each size cMss

Q,, was a function of both size clakand the place or sitp where the lobsters
were either taken from or released into:

Q. =M /(1L+elA)
P

wherea and S are the parameters of the relationship with vagiesn in Table 2.
Two alternatives foQ, , were examined: females could ad@yt of the new site,

which may entail mature females becoming immatgeera or they could retai, of
the original site.

V, was determined from the power relationship (Hobalay Ryan, 1997):
V, =0.03161%%°

Total egg production per translocation release detisrmined by:

B =IB

Table 2.Values for the parameters of the relationship desg maturity of females (source:
unpublished data, TAFI).

Site (P) Deep /Shallow a B
Maatsuyker Is. Deep (>70 m) -27.64 0.4122
Port Davey Deep (>70 m) -12.89 0.1980
Sandstone Bluff | Deep (40-60 m) -16.46 0.2063
Sandy Cape Deep (>70 m) -6.426 0.0895
King Island Shallow (<40 m) -19.52 0.1795
Taroona Shallow (<40 m) -18.94 0.2270
Inshore SW Shallow (<40 m) -17.18 0.2556
Maria Is. Shallow (<40 m) -14.91 0.1900

Dynamics of lobsters at original site

All translocation scenarios were contrasted withdliernative of leaving the
undersize lobsters in their original location whaneortion may reach legal size and
be captured by the fishery. At the original sites equation that described the number
of animals of each sex from each initial size clf$sr one yeat + vas the same as
for the release site except that no allowance wadenfior mortality through

movement and release:
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Ny, = Iz X3 Nts,l‘e_M {1_ SS‘FI,ZMLL}

Yield that resulted from fishing of the lobsterattlvere not translocated and left at
the original site was determined by:

Y, =22 X NtS,IVVI,SdSSFt

tos Izl5,

where weight at lengtil}}, was based on deep water lobsters.

Parameter estimation

All parameters used for the model fit were assutodze known and were varied for
sensitivity analyses. Base case values of ingtaotss natural mortality were set at
0.1, which is lower than length-based catch cunadyses of data from two sites used
in this study, Maatsuyker Is. and Taroona (Apperd)ix Those analyses were
unadjusted for selectivity and estimates of 0.lehasen used in modelling stocks of
J. edwardsii elsewhere (Punt and Kennedy, 1997; Hobday and R0@t.).

Base case estimates of selectivity and exploitaate parameters were derived by the
length-based model developed by Punt et al. (18@rdner et al., 2005).

Base case values of the proportion dying througlptiocess of transport and
releas&€, and emigrationl, were from Mills et al. (2005). They reported tdtss

(Q, +T,) of 5% from the release of juvenileedwardsii around 35 mm CL following

culture for 12 months in tanks. We expect thatrlosses would be greater than with
the larger, wild lobsters modelled here but haveseovatively assumed similar
outcomes by using base case rates of 2.5% forgeaeaimeter. Additional

information on rates of movement comes from Garenat. (2003) where 90% of
lobsters moved less than 1 km per annum. Notddbkatthrough movement requires
lobsters to move away from the release site tosanetotherwise fished, that is, to be
lost from the fishable population.

7.3 Results

7.3.1 Outcomes for yield and egg production

Estimated increases in yield through translocatrere greatest when lobsters were
translocated from southern regions to northerroregwith most increase from the
translocation of females (Figure 2). The greagstitmated gain in yield was a 1.6 t
increase from the translocation of 1 t of femalesters from Port Davey to King
Island. Short distance movements from deep to®hallaters in the SW had little
impact on yield.
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Effort required to catch 1 tonne of undersize lelssts of interest as this affects the
economics of translocation. Estimates of the degsired to capture one tonne of
undersize lobsters in deep water were based opdiadts per day, being three
cycles of the maximum pot holding of 50. Days fieggito capture 1 tonne of
undersize lobsters was least for the southwestEs\sith only partial days required
when the catch is not graded.

Although grading of undersize lobsters on the bakgex or size increases the effort
and thus cost of translocation, this may provide g&ns as yield can be increased.
Results shown in Figure 2 indicated that if theloatere graded to increase the
proportion of females, with no grading for sizegrirgains in yield would be
increased. This conclusion appears mainly a fanatf the size structure of females
in the undersize catch as they tend to be smalder tnales. If lobsters were graded
by size in addition to sex, greatest gains wouldnia€ee by translocating smaller
lobsters, with the effect of sex less pronouncatliaconsistent between sites when
scaled by size (Figure 3). A greater number oftets will be translocated if they are
graded to select smaller sizes, which clearly douties to the patterns seen in Figure
3.

The effect of size of translocation on egg productollowed a similar trend to that
of yield although in contrast, total egg productwas often reduced (Figure 4). Egg
production was reduced most when larger females wanslocated. Increased egg
production was indicated for translocations fromaliéaiyker Island when very small
females were shifted, generally less than 75 mnid€inost release sites. Itis
unknown how the maturity of translocated femaldsnespond, whether they will
adopt the maturity patterns of their new site, Whsould involve mature females
reverting to immaturity. This uncertainty hadléttimpact on predicted egg
production at most release sites except the higjrestth site, King Island, where
substantially different outcomes are indicated.
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Site of Origin
Maatsuyker Island Port Davey Sandstone Bluff Sandy Cape
Female Male Female Male Female Male Female Male
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Figure 2. Estimated future yield from 1 t of undersize lobstatch either left at the site of origin (O)
or translocated to the release site (R) under base-conditions. Values for “Days” are the average
number of days required to catch 1 tonne of undeisibsters in the deep-water sites assuming 150
trap lifts per day (3 cycles of the maximum trapitiof 50). Note that this assumes catch was grade
by sex but not size of undersize lobsters. Vailugmrentheses are days required if catch was not
graded by sex.
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Site of Origin
Maatsuyker Island Sandstone Bluff Sandy Cape
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Figure 3. Effect of size and sex of translocated lobstergain in yield (Y, - Y, ) through

translocation. Results from lobsters originatirapf Port Davey were similar to those from
Maatsuyker Is. and are not shown.
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Site of Origin
Maatsuyker Island Sandstone Bluff Sandy Cape
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Figure 4. Effect of size of translocated lobsters on pemgatchange in egg production
(SBrelease =~ Byigina )/SBorigma, through translocation. Two options for femaleesit maturity

(Qlyp) were explored: translocated mature females cartthin mature at their new site or they could

adopt theQ,’p of their new site, which in many cases would irealeverting to an immature state.

Results from lobsters originating from Port Davegrevsimilar to those from Maatsuyker Is. and are
not shown.

7.3.2 Interaction of translocation with other magragnt measures

The increased exploitable biomass resulting frandiocation will reduce harvest
rates in fisheries where fishing mortality is maedgsuch as with output control
management of the commercial Tasmanian lobstegryshThis reduction in harvest
rates would tend to compound yield benefits froams$tocation with gains indicated
by reductions in harvest rates (Figure 5). No& tur model did not include density
dependent mortality or reduction in growth, whicbuld lead to less optimistic
predictions of yield at lower harvest rates thaovamin Figure 5.

Recent length based model estimates of harvest frat@ the regions chosen here as
possible release sites ranged from 0.36 in the KSlagd area to 0.61 at the Maria

Island area (Punt and Kennedy 1997; Gardner 2@05). Those estimates were for
all depths combined and thus higher harvest rategdibe expected from the shallow
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water areas that would be targeted as transloceglease sites. Our base-case
scenario for King Island was a harvest rate of @l&ch results in predictions of
reduced levels of total egg production throughdlacation, possibly less than 50% of
the level at the original location. Reduction arVest rate at the release site would
offset this lower egg production.

Increases in female size limits from the currerii &din CL have been proposed for
Northern Tasmania, including King Island, to impeaatch rates and regional egg
production. Increases to LML appear to have littipact on yield from translocation
except at relatively large changes of greater t8hmm CL. Impacts on egg
production were more substantial indicating thanges in LML could be used in
conjunction with translocation to increase yield amaintain total egg production.

% Yield increase % Egg production (a) % Egg production (b)
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Figure 5. Effect of change in harvest rate and legal mininbemgth LML at the King Island release

site on percentage change in yie@ddease ~Yoriginal )/Yoriginaj and egg production

(SBrelease = Byigina )/ SB,i4na from translocated lobsters. Translocation scesafe based on

movement of both male and female lobsters (ungraddeérsize catch). Current LML for all sites is
105 mm CL but there is interest in increasing liniét in northern regions, represented here by King
Island.
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7.3.3 Sensitivity analysis

Model outcomes for yield were sensitive to changesatural mortality, especially
when some degree of density dependence was euhlonatewering mortality in
shallow sites and rasing it in deep water site®l@2). Other parameters with
relatively large influence were the rate of adoptd the growth rate of their new site,
and the loss of released lobsters through releaslity or emigration loss.

Table 2.Estimates of absolute increase in yield from tracegion of 1 tonne of ungraded undersize
lobsters and the percentage increase relativesteaine cohort left at their original site. Resaitsfor
the base-case specifications and for a range sftsély tests.

Gain in yield
(additional tonnes per tonne translocated, % irs&ea
Model scenario (base case | Maat. Is. to | Maat. Is. to | Maat. Is. to | Sandy Cp.
values) Inshore Taroona King Is. to King Is.
SW.
Base-case 0.02,13%| 0.68,390% 1.08, 614% 0.23, 29%
Emigration lossT (0.025) OR
Release mortality) (0.025)
0.00 yi* 0.03,16% | 0.71,403% 1.11, 633% 0.26, 32%
0.05 yi* 0.02,10% | 0.66,379% 1.05, 597% 0.21, 26%
0.10 yi* 0.01, 5% 0.62, 355% 0.99, 563% 0.16, 20%
Natural mortalityM (0.1)
0.07 yf" 0.02, 9% 0.79, 377% 1.16, 558% 0.21, 24%
0.2 yf- 0.03,25% | 0.44,426% 0.83, 799% 0.25, 45%
Natural mortalityM spatial
difference (deep, shallow)
0.15 yf', 0.07 yfi* 0.10, 71% | 0.86,645% 1.24,928%  0.45, 68%
0.20 yi*, 0.05 yi* 0.15, 143%| 1.00,957% 1.36, 1303% 0.62, 112%
Adoption of new growth rate
(Oyn
1yr 0.02, 9% 0.61, 347% 0.96, 550% 0.16, 20%
2 yr 0.01, 6% 0.54, 308% 0.86, 489% 0.09, 12%
Adoption of new morphology
(Oyn
1yr 0.02,13% | 0.68,390% 1.08, 614% 0.23, 29%
2 yr 0.02,12% | 0.67,386% 1.06, 607% 0.20, 25%

7.4 Discussion

These analyses were intended to serve as an iodafahe probable impacts of
translocation on total biomass available to thieefig and egg production. Gains in
yield were often substantial with greatest increagken lobsters were translocated
from Port Davey or Maatsuyker Island to King Islarid these examples, yield could
be increased several fold. In contrast, small-distaranslocations from deep water in
the SW to nearby inshore areas do not appear wwokt@while.
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There appears to be scope for additional benefitiset fishery through combining
translocation with other spatial management tealesq Regional size limits appear
to provide significant opportunity for increasinglg with gains in yield obtained
through changes in the size limit of females to &6 CL or more. Translocation
appears to integrate well with elevated northeze 8mits because it would act to
reduce harvest rates, thus compounding gains lid. yiehe two systems effectively
produce a process of positive feed back on yiglhile density-dependant processes
ultimately counter positive feedback, there islifke be scope for considerable gains
to be made before gains are affected. This istbasehe rapid rise in catch rates of
Jasus edwardsii in South Australia, which was attributed in parpbsitive feedback
of declining harvest rates on fishers catch ratéard et al., 2002).

While our results show that translocation can keesubstantial gains in yield, the
need for further research before the approach dmeiladopted for management is also
indicated. Economic analyses are also require@terchine the costs and economic
benefits of translocation and ultimately if the exge is feasible. The model
developed here provides economic inputs of effiodt deld, plus size composition of
catch, which is important because of grading o$tets for sale by size and colour.

The magnitude of possible translocation operatiaegds to be evaluated with
population modelling akin to stock assessment ntiodel The length based model
developed by Punt and Kennedy (1997) for Tasmast@aeks provides estimates of
undersize stocks by region and this would seneelzesis for future population model
development. That model currently provides estamaif around 3 million undersize
females in the SW that never reach legal size (Hiacd al., 2005).

Field-testing of translocation and quantificatidrsome of the biological input
parameters appears warranted. These parametirdamelease mortality, movement
at release, and time to transit growth. Our modehdt include density dependent
processes but this is required for modelling ajéascale translocation and estimation
of the total magnitude of gains in yield that cob&lmade. Without the inclusion of
these processes the ultimate conclusion of any hireglevould presumably be that all
lobsters from the SW should be moved to the NWnditg dependent processes
would also be expected to be influencing curreeldyin the SW so modelling of
translocation should aim to quantify the improvedductivity in that region. Insight
and quantification of these processes would beegday a pilot trial that removed
lobsters from a site in the SW and enhanced arsttee NW.

A concern of fishers in south western regions & thanslocation would lead to
depletion of the reefs that they often operatéWhile it is true that translocation
would be expected to reduce the number of lobséersiiting to the fishery in these
regions (ignoring productivity gains from reduceshdity), the effect that this would
have on catch rates cannot be predicted. Thisdause the response of the fleet to
increased catch rates in northern areas is nat ckéigtorically the fleet has been
highly responsive to spatial differences in cataie with effort shifting either through
movement of boats or change in the spatial digiobwof leasing of quota (Frusher et
al., 2003a). Our expectation then is that trarsloo of lobsters from south to north
would lead to similar shift in effort with a netcirease in exploitable biomass across
both regions.
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Industry were also interested in the effect of sfacation on egg production and we
observed net declines in total egg production unatest translocation scenarios. This
was effectively the result of increased fishing talry of females that previously had
almost complete protection from the minimum legaé dimit. Harvest of females
inevitably reduces egg production so the aim of ag@ment of the Tasmanian lobster
is not to avoid egg production but to maintainbbee desired levels. Current
estimates of egg production relative to the unfilssiate are around 100% in the SW
but only around 15% in the NW (Haddon et al., 2005ye to these spatial
differences, management policy is directed to iasirgy levels of egg production in
the northern region and our results show that lbaation would be beneficial for this
policy. Although egg production may be reducethmsouth, there appears ample
scope for some reduction without impacting sustalitg

The outcomes of translocation on egg productioreweemplex and a function of size
at onset of maturity, fecundity at size, growtlesadind removals from both harvest
and natural mortality. While most translocatioersarios led to a reduction in total
egg production, some scenarios led to an increes#al egg production. Greatest
gains in total egg production were made when sfealbles (<70 mm CL) were
transported from the SW to more moderate growtasaseich as Maria Island.
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8. Economic feasibility and outcomes of translocain

8.1 Introduction

This section describes the structure and outcomes of an economic model that interacts
with the biological model described in Chapter 7. Results address objectives 1 (To
determine the costs associated with translocating lobsters), 2 (To model the economic
outcomes of translocation based on available biological data), 3 (To combine the cost
and economic outcomes into a bio-economic model), 4 (To model the economic
viability of large-scale translocation operations to achieve yield increases), and 5 (To
identify crucial input data that impact on the economic viability of translocation).

The Rock Lobster (RL) industry makes a significeantribution to the Tasmanian
economy with a total beach value of 65 million AWD2002-03 and 46 million AUD
in 2003-04. An estimated 700 people are employestitly through the RL fishing,
processing and handling sectors.

Current management of the commercial sector istcbasdoth input and output
controls. Input controls including limited entglpsed seasons and restrictions on pot
(trap) number. The 240 active vessels are licetsedrry varying numbers of traps
ranging from 15 to 50. In 2005, the quota allcmativas 145 kg of rock lobster per
pot.

The fishery has exhibited a trend of increasingrass and catch rates over the last
decade although this stock rebuilding has not leeenly distributed around the coast
(Witt et al., 2004; Gardner et al., 2005). Thgs&tial patterns are substantially the
result of socio-economic changes that have occwiren the introduction of quota
management. Bradshaw, Wood and Williamson (200dyved that effort has
become concentrated on higher priced rock lob&tens inshore waters because
fishers have lost the ability to increase revemwetugh increasing catch. The reason
for the higher market price for inshore lobsterthesr higher survival in overseas
shipments and their deeper red colour, which ifepred by consumers in Asian
markets (Ford 2001). The consequence of this shétfort inshore is that catch rates
can be less than half of those offshore (Gardnal..€2005).

Traditionally stock enhancement of marine fish dapans were aimed at rebuilding,
enhancing or augmenting natural populations fore@nal or commercial purposes.
This management approach has been implementedrarer years both in Australia
(Taylor et al., 2005) as well as internationallylldrn 1998, Lorenzen 2005). There
are many marine enhancement programs worldwidexample for salmon
(Kaeriyama 1989, Ishidet al. 1993, Boycest al. 1993), cod (Svasara al. 2000),

and flounder (Kitadat al. 1992).

The proposed translocation of Tasmanian RL is aimid a marine enhancement
program in that the aim is to enhance the natuildl population. The concept of
translocation is to shift undersize RL from are&ere they grow slowly to areas
where they achieve higher growth rates and thusrgémgains in stock productivity.
In a fished stock the aim is to capture revenuewloalld otherwise not be realised.
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Economic evaluation was one of the 10 critical steyptlined by Blankenship and
Leber (1995) in the responsible development ofrdraecement program. These are
ideally undertaken prior to their implementatiordamcomplete information is the
norm in thes@x ante evaluations. This approach is the one adoptesl dredl is
preferred to thex post economic assessment of enhancement prograexast
assessments increase the risk of poor investmemwiable enhancement programs
(Hilborn 1998).

The purpose of this paper is to report the resilesbio-economic model used to
evaluate the biological and economic consequerfcearslocating RL from four
different slow growth areas to four higher growthas around the State of Tasmania.
The fisher may not directly incur the cost of tlacating RL. However, a
translocation program is only likely to be sustaieaf the cost of translocation is
known and any potential benefits can be weighethageosts incurred.

This is anex-ante bio-economic analysis with a need forexrpost bio-economic
assessment to determine the actual success ofdgem. Parameters that
significantly affect outcomes are identified andgé should be targeted in future field
trials.

8.2 Methods

8.2.1 The Tasmanian Rock Lobster fishing industry

Each vessel in the RL fleet has a maximum rocktljot allowance based on the
size of the vessel. Quota units are tied to thmbar of pots so that a skipper is able
to buy or lease quota units up the maximum numbpots permitted for the vessel.
The quota allocation per vessel is a function efttital allowable catch (TACC; 1523
tonnes) and the total number of pots so that ir5288 allocation was 145 kg per pot.

The larger vessels in the RL fleet travel longstatices to more remote offshore
areas and often stay out for 10-14 days at a tlB&tween up to 5 tonnes of live catch
is stored in their wells or tanks until they rettorshore. Smaller vessels (with fewer
pots on board) are generally not suited for fishinthe more exposed off shore areas.
They tend to make shorter trips, remain closeroid @nd work east coast rather than
west coast waters. The variable cost structurethnglefore be different for the
different vessel sizes.

The peak period for lobster fishing has been imtlo&ths of November to January
each year although this seasonal trend has be@ss@tonounced in more recent
years (Gardner et al., 2005 and Ham McDonald 1997). Beach prices are driven
by international levels of supply and market demavitch tends to peak around
Chinese holidays or festivals (Harrison, 2004). sktock lobsters are sourced from
the southern hemisphere and biological cycles\ioBonilar patterns. This results in
periods of greatest catchability and supply frowesal fisheries coinciding around
the November to January period. An important pbare is that although the
Tasmanian beach price varies in line with suppilg toes not imply cause and effect
between supply and price on the level of the Tasamaregion. Over 90 percent of
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the total catch is purchased by processors, whdaedmainder is sold directly by the
fisher in Tasmania or is landed outside of theeSgiarrison, 2004).

The price also depends on carapace size or waigtitcolouring. Processors
interviewed for this study report that the prefdrgeight is between 0.8 kg and 2 kg.
Lobsters weighing over 2 kg or under 800 gramshfdoon average $5 / kg less for
red lobster (seasonally corrected for 2004 and ROQ#hite lobsters are already
discounted by around $5 / kg regardless of sizmafih animals over 2 kg often
receive further discounting of $2 / kg. The averagighted beach price between
1995 and 2002 was around $30 / kg but reacheddessxof $55 / kg during periods
of high demand and favourable exchange rates.

Around 80 percent of Tasmanian lobsters are expaovith the majority of these sent
to China (Harrison, 2004). As a result, the bgaote and export price is influenced
by external factors such as freight costs, wortshme and exchange rates (Holland et
al. 2005). This is also to say the beach pricenmasnpact on the export price
(Felmingham 2004). The availability of substitubesn other States in Australia and
internationally, and the high reliance on one mideastination, supports the assertion
that RL fishers are price takers.

8.2.2 Model Structure

The bio-economic implications of translocating Rlbased on the biological model
(Section 7) combined with an economic model describ this section. Four off
shore locations were identified with slow growtkerao that existing size limits are
too large for optimal harvest: Maatsuyker Islanolit®avey, Sandstone Bluff, and
Sandy Cape (Figure 1). These sites are the sofitcanslocated lobstersriginal).
The four higher growth release sited¢ase) were King Island, Taroona, inshore
southwest, and Maria Island.

The two models interacted through effort factofe@ing costs (pot lifts or days
required to catch a given tonnage and distancegeetsites of origin and release)
and yield factors affecting benefits (yield forgatdahe original site and yield gained
at the release site). As the biological model lgagth based it was possible to
attribute value to catch on the basis of individoakter size and discount lobsters
outside the premium size category (0.8 to 2.0 kg).

The economic model was developed by surveyingexseh of fishers to determine
the normal variable and fixed costs associated gathmercial fishing. We surveyed
14 rock lobster fishers (from a total of 239 actessels) representing all 8 RL
fishing regions in Tasmania during the middle o0®20Fishers provided their cost and
revenue details as it applied to their fishing epien. Each fisher was also asked to
comment on costs and revenue estimates as refyrtatiers, whose identity was not
revealed. The revenue figures were further vetibg records of catch previously
submitted by fishers to the Department of Primaduktries, Water and Environment
(DPIWE).

The survey data allowed translocation costs tostienated under policy and
management scenarios. Key outcomes of the econoodel were the cost to
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translocate lobsters by unit weight and the netmee gain or loss. The Internal rate
of return for 12 different translocation scenanass also assessed.

Analyses were conducted over a 20-year periodtparsslocation of lobsters as this
allowed modelled cohorts of lobsters to be reduoetkro through fishing and natural
mortality, plus it allowed depreciation of fishibgsiness assets to zero. Structure of
industry participants in the model was varied betwemall, medium and larger
fishers (15, 30 and 50 pot holdings respectiveRis range included the minimum
and maximum permitted pot numbers that can be tgxera

8.2.3 The Economic Model

Total cost associated with lobster fishifi@ was determined by estimating the annual
fixed costFC and the variable co¥C per fisher i).

TC® = FC* +vC¥ (Equation 1)

The variable cost in this case varies by pot atlooasize (whera is 15, 30, or 50) by
the fisher.

Fixed costs are independent of harvest and in Statkes have been regarded as
irrelevant to the decision-making. However, iairsimplicit assumption in this study
that the owner of a fishing vessel aims to cowexdicosts, which includes the value
of the vessel, with the revenue of the catch. dfsinterviewed stated that the need to
cover fixed costs in their business was a motivetow increasing revenue through
leasing quota — hence it is clear that these @stdriving business choices in this
industry. Attributing fixed costs can be complazif fishers use their vessel for
other fishing purposes. However the return ondectal species caught with RL is
negligible due to the specialised trapping equipnased in this fishery. Therefore no
problems exist with attribution joint costs to atlharvesting activities and by-catch
will not be further considered in this analysis.

Fixed costd=C include an estimate of standard annualised stréiigh capital
depreciationDEPR) for the vessel, dinghy, engine, gearbox, and ardbequipment
such as depth sounder, radar, automatic pilotoy&#S and computer. Depreciation
on the pots operated by the vessel is also inclu@ter fixed costs include annual
mooring and port feedMOOR), insurance costS), boat licence fees/registration
chargesl(IC), survey feesUR), and annual accounting and business administratio
costs and satellite phonaIMIN)™.

FC* = DEPR* + MOOR™ + INS* + LIC* + SUR* + ADMIN?®' (Equation 2)

The variable cost was represented by:

! The annual fixed cost averaged over the estimmtedal catch was $4.94, $5.41 and $7.37 per kilo of
rock lobster for 15, 30 and 50 pot vessels respalgti
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VC* =TRIP* + MAINT*' + LABOUR™ + LEASE' (Equation 3)

The cost of supplies per trigRIP) includes bait, fuel and oil, and ice. These sadit
vary with the number of pots carried by the veasel consequently the catch. Food
cost is dependent on the number of crew as isdsieaf work clothing and gloves.
The cost of cleaning products is calculated onrarual basis. Maintenance cost
(MAINT) includes repairs to fishing gear (including p@&syl boat repairs that vary
with the number of days spent fishing.

Labour costl(ABOUR) varies with and the number of crew (including tvener
operator) and the number of days spent fishinge Wages of crew is generally based
on a percentage of the catch value per fishing ffipe variable cost are all
standardised to cost per kilo of rock lobster c&tugh

Anecdotal information suggests that an estimaté@d 88the RL fleet now leases their
guota. The cost of leasing quota in 2005 has tis&16 per kgl (EASE) from about
$12 in 2000. A large proportion of fishers bear #llded lease cost which affects
profitability and ultimately viability (Ford 2001)We estimate costs both for fishers
who lease their quota and those who own their quisi@stimating State benefit of
translocating RL we assume that 30 percent of 3@¢@ssels and 10 percent of 30 pot
vessels lease their quota.

Total revenueTR) for each fisher is the pricg)(multiplied by the weight of lobsters
captured @)*. Hurn and McDonald (1997) found that revenue stesngly driven by
beach price. In our economic model we are onlyeamed with the beach price and
not export price and thus our results only applgammercial fishers rather than
processors or the broader economic benefits dighery. The beach price received
by fishers is a function of two physical qualitisgze () and colour o). The price
and catch are not varied seasonally in the econoradtel as annual aggregates are
used. The realism of the economic model wouldeiase with seasonal price
variation but this was not possible due to limdas of the biological model.

TR = pl,coqa'i (Equation 4)

The price data was averaged from 2003 and 2005 diofiferent qualities:

e Red RL of more than 2 kg $26.25/kg,

e Red RL of between 0.8 and 2 kg $31.53/kg,

* Red RL smaller than 800 grams $26.40/kg,

* White RL greater than 2 kg $24.25/kg, and
e Other White RL $25.75/kg.

2 The average variable cost (excluding lease fees) $11.88, $14.50 and $16.39 per kilo of rock

lobster for 15, 30 and 50 pot vessels respectively.

% The symbol for weightq) is using the standard economic nomenclature f@mtity — not to be

confused with the biological nomenclature for fedity)
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Prices remain constant over tifrie our model as insufficient information is avéila
to predict into the future the direction and theoamt of the change. However, a
simulation where prices are varied is undertakeetermine their effect on some of
the crucial economic variables.

The RL catch figuregyj are based on the compulsory logbook catches stdahiny
RL fishers for four full quota years from March 20@ February 2005.

The profit function ¢z*') for fisheri per pot size allocatioais dependent on the

price of lobsters, the number captured, and thedfexnd variable costs associated
with commercial harvesting.

7= (P 6 VC FCY) (Eauation 5

8.2.4 Translocation cost

Two alternative capture and transportation opti@ghywere explored for deriving the
cost to capture undersize RL. One option wasfislagrs retain undersize lobster
captured through the course of normal fishing ajpmna and release these lobsters on
their journey home. Vessels typically have uns#idl capacity to hold and transport
undersize RL during normal operations, and lobstetsd be released to a high
growth area on the return trip to port. The seompitibn is using a dedicated charter
vessel for translocation trips where movementseaigr distances or at targeted
locations are desired. We assumed charters wqddhte with larger vessels able to
carry up to 5 tonnes of undersize RL to the highngh destination.

The total translocation co3LC,; is a function of the variable costs to capture
undersize lobstets; per trip (), transportation costs between sites per T/, , and
the cost of releasBEL, .

TLC; =U,; +TRA, + REL, (Equation 6)

The variable cost to capture the RL for translacatncludes the cost of bait and the
cost of labour. Grading of undersize catch pratranslocation alters the yield
outcomes (Section 7) and also alters the time reduo catch a given tonnage of
undersize. Our base case scenario is that catadt graded and falls with the size 60
to 104 mm for females and 60 to 109 mm CL for mé&es s and sizel ). Grading

to alter the size and sex composition entails rpotdifts to fill the capacity of the

vessel but may increase the eventual gain in yiEldally the weight (V""" ) of RL

to be transported will impact on the variable caprost. For charter vessels the cost
of bait used to capture the undersize RL and teeafochartering the vessel for the
time required to catch the RL is includedun.

* Prices are discounted as per equation 11.

FRDC Final Report 2005/217 Page 34



Rock Lobster Translocation

Daily charter fees that were quoted by survey redpots varied widely from
$600/day to $5,000/day. Allowing for the costwbtcrew at $800/day and an
average daily charter cost of $2,000/day, the ttadl/ cost equals $3,600, which has
been rounded to $150/hr. Charter cost are consez\as charter cost for research
sampling conducted in 2005 ranged from $1,300 {8GKLday, including 2 crew
members. The high cost estimate allows for a pnoedirgin for the charter vessel.

No bait or labour costs are incurred if the fishmexdel was used for translocation.
The undersize RL that are normally returned tonheer are now set aside for
translocation.
f. (VC") if tl = charter
witl — sl ’ .
Uj = { 0 otherwise, (Equation 7)

Transportation costs per trip are a function ofdbsts of travelling a given distance
V , the distance that lobsters are shifiecdbetween the site of origia and the
release site , and the distance travelled to and from ports #ssumed that the
charter vessel port is chosen on the basis of nsmignthe distance travelled. The
three potential ports are Hobart (south), Kingridlénorthwest), and Beauty Point
(north). We have assumed that chartered operatrond utilise large 50 pot vessels
capable of transporting 5 tonnes. Cost of trartdpaero if lobsters are simply
released along the course of normal travel, alsariisher model.

D*'V + D™V .
TRA}' :{ if tl = charter, (Equation 8)

0 otherwise,

The cost of releasing the undersize RL at high gnavestination REL, ) includes the

cost of buoyed nets with chain lead lines if lobstre to be released in to temporary
pens FENCE) as conducted with releases of juveniles by Mitlal., (2006). The
release cost includes an estimated labour costlmseates of unloading of
commercial catch at one tonne per hour for two cfemboth the fisher and charter
model.

REL} = FENCE, + LABOURY (Equation 9)

After translocation of RL to areas of high growtle RL are re-captured as part of the
normal fishing process, incurring normal fishingto

In the original site, some of the RL may have ewalty reached legal size and been
available for harvesting. The yield forgone atitloeiginal, slow growth location

(g,°™) multiplied by the price that may have been olgdjmmay be referred to as
revenue foregoneR ™)

rl '

foregone foregone

it = PrcotGhiy (Equation 10)
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The State revenue resulting( ) from translocating RL is based on the catch

projections as determined by the biological mod&thte revenue from translocation is
corrected for the revenue foregone in the origsital. Annual time steps are included
to allow discounting of revenue to its present galu

2 (Pheoshr ) ~Rete
er’t = _TLCI + Z ,co.t htrl t t 1t
=0 (1+9)

The value of translocating the RL to the fisherthesadditional profit that may be
earned as a result of translocation and in addibdhe profit from a normal fishing
trip. This is assuming that the quota is adjusteallow the catch to increase due to
the increase in exploitable biomass.

(Equation 11)

We use a simple indicator of economic performancessess the overall performance
of translocating RL in Tasmania. The Internal R&#tReturn (IRR) is the return that
can be earned on the capital invested in the wvaasbn project. The IRR is
equivalent to that discount rate that would yielet Present Value (NPV) of zero
(Equation 11). The rate can be compared to tieeafateturn of other investments
including an appropriate risk premium. The tranat®mn project is a good investment
proposition if its IRR is greater than the rateraérest. The IRR is defined so that the
NPV of the management strategy implemented at thever a 20 year period is
zerc. Note that the comparative risk premium of quntaease through translocation
for an individual fisher is equivalent to that fuwrmal fishing operations. This is
because their increased quota will allow the captdirany legally available lobster in
the population, not only those that have been lbaated.

7.3 Results

Several aspects of translocating RL from four oddsites to four different release
sites are evaluated in this section. Firstly thpact of the transportation method on
the translocation cost per kilo of RL was analyks#idwed by an estimate of the State
revenue increase. The impact on fisher profitstzea analysed for the original site
and release site combinations most attractivermgef the above indicators. The
IRR is reported and the economical outcomes fohn eathe original site and release
site combinations are evaluated.

As mentioned previously, the main difference betwene translocation by charter
vessels and fishers is the inclusion of the chéetof $150 per hour in the former
model. Both models incur the cost of release ool labour plus fencing off the
release site with a surface-deployed net.

The translocation cost per kilogram gain in yiedts rapidly with increasing tonnes.
For the cost of translocation to be worthwhileffshers it will need to be less than
buying quota (which was reported to be betweenkglahd $18/kg). The lowest cost
of translocating the maximum wet well capacity dbbnes of RL using a charter

® The average discount raté | is 7 percent.
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vessel is $2.40/ kg gain in yield for translocati®lg from Maatsuyker to Taroona
(Figure 6 and Table 3). The highest translocatiust is $87.49/ kg gain in yield for
translocating RL from Maatsuyker to Inshore SW.e3dcosts are a function to the
distance, thus time travelled from the charter pothe original site to the release site
and back to port, and the expected gain in yialdufh translocation (Chapter 6).

Release site - King Island Release site - Taroona
100 — 100 —

80 — \ 80 —1
60
40

20

Release site - Maria Island Release site - Inshore SW
100 — 300 —

80—\\

2 \
| 200 —
60 —

40 —
100 —

Translocation cost (charter) per kilo of Rock Lobster ($/kg)

20 —

Translocated Rock Lobster (tonnes)
Origin
Maatsuyker
— — — — Port Davey
— — Sandstone Bluff
— - — Sandy Cape

Figure 6. Cost of translocating Rock Lobster per gain indgilom of yield from 4 original sites to 4
different release sites around Tasmania usictgpeter vessel for transportation (note the scale on the y-
axis for release site - Inshore SW).

To break even at a quota price of $16/kg a minimeetght of RL will need to be
transported, which is at least 0.750 tonnes betwésstsuyker/Port Davey and King
Island and 1.75 tonnes between Maatsuyker/Portyoanweé Maria Island.
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Whereas the charter translocation method may dpgi origin and release site
combinations, translocation of RL by fishers omretto port (as part of their
“normal” fishing trip) is not applicable to all cdrimations. Some routes cannot
logically and/or logistically be part of a “hormatip. The lowest cost of undertaking
5 trips and each time translocating the maximumespapacity of 1 tonne of rock
lobster is $0.32/kg for translocating RL from Mastser to Taroona and the highest
is $10.24/kg for translocating RL from Maatsuykeirishore southwest.

The cost per kilo of translocated RL is signifidghdwer when translocation takes
place as part of a normal fishing trip. The lattezthod only applies to six original
site and release site combinations (Figure 7).

Release site - King Island Release site - Taroona
20 — 20 —
16 — 16 —
12 — \ 12 —
8 — 8 —|

I i
4 — a4 — \

~

_ o - 4 N
0 I I A ° T T T T T T

0 1 2 3 4 5 0 1 2 3 4 5

20 —

16 —

12 —

Translocation cost (fisher) per kilo of Rock Lobster ($/kg)

Translocated Rock Lobster (tonnes)

Origin
—— - - Sandy Cape
Maatsuyker

— — — — PortDavey
— ——  Sandstone Bluff

Figure 7. Cost of translocating Rock Lobster per gain indgilom of yield from 4 original sites to 4
different release sites around Tasmania as pawdrofial fishing trip (note the scale on the y-axis for
release site - Inshore SW).

The cost per kilogram gain in exploitable biomasmformative but ultimately this
needs to be related to the predicted increasetiStage benefit (Figure 8).
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In the economic model the benefits in the rele@sdrcrease linearly with increasing
tonnes of translocated RL. The timing of the ahbeaefits of increase catch of
translocated RL over a 20 year timeframe is n@&dirbut is dependent on the
estimates of the biological growth model. If tegenue foregone in the original sites
is also considered the increase in state revenllaatireturn to zero (Figure 8) but
rather will fall below zero for some years overGay2ar period when the RL from the
original site may have reached legal size. Noa¢iths presumed that the model
overstates the real impact of this revenue foregengome reduction in density
dependent growth and mortality appears inevitaliieevwill lead to increased
productivity.
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Figure 8. Net state revenue from translocating 5 tonnes ¥ tabster by charter vessels.
If biological requirements permit, ideally the tsémcation would be repeated prior to
the total net State benefit becoming negative @pprately between years 2 and 6).

The total State benefit taken over a 20 year paratithe translocation cost per kilo
of RL are combined in Table 3.
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Table 3.Cumulative net State benefit (over 20 years) aadsipbcation cost per kg gain in yield
for a one-off translocation of 5 tonnes from 4 ovd sites to 4 release sites around Tasmania
using charter vessels or fishers for transportation

Charter translocation Fisher translocation
Origin Release Net State Translocation Net State Translocation
site® site’ Benefit* cost Benefit * cost
($/20 years) ($/kg gain) ($/20 years) ($/kg gain)
Maat Ki $169,133 $2.60
Pt.D Ki $142,772 $2.84
Maat Tar $109,352 $2.40 $116,447 $0.32
PtD Tar $103,321 $2.97 $111,512 $0.35
SBf Kl $90,940 $5.35
Maat Mis $70,639 $4.79
SBf Tar $57,426 $4.28
PtD Mis $49,979 $7.12
SBf Mis $43,017 $8.18 $51,327 $0.96
SCp Kl $27,656 $7.78 $35,097 $1.00
PtD InNSW $1,131 $36.88 $9,321 $4.37
Maat INSW -$4,788 $87.49 $3,508 $10.24

* State revenue is the increase in revenue at kb@sesite minus revenue foregone at the
original site.

From the above table it is clear that highest Siateefit increases can be obtained
from translocating RL from Maatsuyker and Port DaieKing Island. However, for
both these sites the translocation cost is higear for some of the other sites. The
lowest benefits were achieved from translocatingii®m Maatsuyker and Port
Davey to inshore SW areas.

For all six scenarios where fishers were usedatostocate the RL, the model
indicates lower translocation cost per kg gainigidyand higher State benefits, than
for charter vessel translocation to these sams. sk®wever, the highest State benefit
increase in fisher transported RL is around $11®%,@Mich is considerably lower

than the highest charter model benefit increadas i§ because fishers are unlikely to
be able to move lobsters the large distances thatdabe possible by charter.

Thus far the translocation cost per kilo and insegia State benefit has been
considered for fisher and charter translocated Rie fishers who are able to
increase their catch in the release sites as # oédtanslocating the rock lobster are
expected to increase their profits (this assumasttie quota is adjusted to allow their
catch to increase). The magnitude of the recruitroélobsters to legal size may be
reduced at the origin site but the impacts of timscatch rates is dependent on fleet
dynamics. ltis feasible that the catch ratesthnd variable costs may become more
favourable at the site of origin because the taloitable biomass is increased and
each fisher is competing for harvest in a mobgefl

® PtD = Port Davey, Maat = Maatsuyker Island, SCpendy Cape, SBf = Sandstone Bluff

"KI = King Island, Tar = Taroona, MIs = Maria IsthinSW = Inshore South West
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As the size of translocation operations incredsecbst per gain in kg of yield
decreases. Conversely, costs for smaller transbmsaincrease so that at some level
there is no net gain in profitability. This is egtively the break even point and is the
minimum amount of rock lobsters that need to bedliecated to make charter
operations worthwhile for the fisher (Figure 9).
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Figure 9. Total fisher profit increase as a result of tranatong rock lobster by charter vessel from 4
original sites to 4 release sites around Tasmania.

The scenarios for RL release inshore in the SWishown as no profit was
generated. Between at least 1 and 1.5 tonnes oieleds to be translocated from
Maatsuyker or Port Davey to King Island to geneeapmsitive profit for fishers in the
King Island region. As expected, predicted yetsglger profit increases over a 20
year period closely resembles the pattern obsdoreState revenue increases.

In order to evaluate the economic effectivenedsamislocating RL the cost per kg
gain in yield was estimated, as well as predicteteases in State revenue and fisher
profit in the release site. A standard approackveduating the economic viability of
any investment propo$4k to determine the IRR (Figure 10).

8 In this case the investment is the expenditur&ramslocating the RL. The cash flow over timehis t

State benefit minus benefits foregone in the or{gae equation 12).
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Figure 10.IRR as a result of translocating 5 tonnes of ratister by charter vessel from 4 original
sites to 4 release sites around Tasmania.

The rate can be compared to the rate of returrtloer imvestments including an
appropriate risk premium. The translocation proje@ good investment proposition
if its IRR is greater than the rate of interesheTRR is sensitive to the size of the
upfront investment and the flow of revenue fromtita@slocated RL caught. The
lowest upfront investment is for translocation fr@andy Cape to King Island (for 5
tonnes translocated by charter vessel). Even thtug translocation option does not
generate as much revenue as translocation fronCRegy and Maatsuyker to King
Island, the IRR for the former is greater. In fde IRR for translocation from
Maatsuyker of Port Davey to King Island is much shene as from these same two
origins to Taroona.
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A sensitivity analysis carried out to ascertainéffect of RL price level on the
economic variables indicates that should pricd$fab0 percent translocation to
Maria Island becomes unattractive from all origif$e rest of the locations maintain
an IRR greater than 40 percent for translocatingentian 1 tonne of RL suggesting
they remain financially attractive investments.

In the base-case scenario it was assumed that 18opmt vessels and 30% of 50 pot
vessels lease their quota. The cost of leasingptags include in the variable cost
and thus reduces the profit margin of a RL fistopgration. If no vessels leased their
guota the overall profit to be gained by fishemirRL translocation to King Island
from Maatsuyker or Port Davey would increase bgfent (to around $70,000 and
$80,000 respectively). If the variable cost asstiong in the basecase were also
lower (as well as not lease costs), the overdikfiprofit from translocation would
increase by 62 percent for these same originselrdge sites.

A sensitivity analysis carried out for the mainlbgical variables (shown in Table 4)
indicates that the greatest price increase willltdseom a change in the grading by
sex. If only undersize males are translocateatisé per kilo would increase by for
instance 66% from Maatsuyker to King Islan€Comparing the worst case scenario to
the base case illustrates that even with all biokdgariables set at very conservative
levels, translocation from Maatsuyker to King Iglaor Taroona and Port Davey to
King Island remains around $10/kg.

% Ignoring the price changes for the SW inshoreidason as the initial cost per kilo indicates thes

scenarios are not economically viable.
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Table 4.Estimated cost per kilogram of translocated rodister with a one-off translocation of 5 tonnes dersize lobsters by charter vessel. Resultsoarthé base-case
specifications and for a range of sensitivity testgjures as a proportion of the base case anditbetion of the effect (increage decreaseg).

Origin site Maatsuyker Island Port Davey Sandstondluff aaandy
Release site K.l. Tar SW Maria | K.I. Tar. SW Maria | K.I. Tar. SW Maria | K.I.
BASECASE $2.60 $2.40 $87.49 $4.79 $2.84 $2.97 $36.88 $7/125.356 | $4.28 * $7.78| $8.18
WORST CASE SCENARIO $9.45 | $10.13 * $25.41 $11.9F $14.00 * $43.68 $21/3918.46 * $48.61 *
No grading — natural sex ratio

No females 1.66 1.34 | .62 1111 1.35 1.20 .18 1.48 1.23 1.05 11.65| t1.01
All females 1.23 1.57 1.78 1.27 1 .03 1.39 114.22 }.13 1.07 1.29 1.04 1.07
Grading of undersize lobster

(basecase = No)

Yes (60-80) 1.16 1.03 1.36 .13 1.33 1.15 1.07 | .40 1.15 10.94 1.79 | 13.13
Yes (80-105) 1.02 - | .08 ! .01 1.17 1.07 ! .20 1.15 1.03 10.04 - 1.04
Time to transit marketability

(basecase = 0)

Time to transit = 2 1.01 1.01 1.10 1.01 1.03 1.04 1.10 1.04 1.05 10.04 1.03 1.15
Time to transit = 3 1 .06 1.03 1.30 1.03 1.08 1.09 1.32 1.10 1.10 10.09 1.09 1.36
Time to transit growth

(basecase = 0)

Time to transit = 1 1.12 1.12 1.50 1.13 1.15 1.16 1.51 1.20 1.15 10.16 1.17 1.42
Time to transit = 2 1.26 1.27 1 1.50 1.27 1.34 1.38 11.61 1.46 1.35 10.37 1.39 | 11.48
Emigration loss T and Release

mortality Q (basecase = 0.025)

0.00 yf* 1 .05 1 .06 ! .32 ! .07 1.07 1 .08 ! .34 ! .11 1.08 | |-0.09 1.12 1.19
0.05 yf* 1.06 1 .06 1.81 1.07 1.08 1.09 1 1.00 1.13 1.08 10.11 1.15 1.28
0.10 yi* 1.20 1.21 | 1.00 1.24 1.27 1.32 | 1.00 1.49 1.29 10.38 1.62 | 11.66
Harvest rate (basecase Deep = 0.

Shallow = 0.5)

Deep = 0.2, Shallow = 0.25 1.37 1.31 | .56 l .20 | .48 1 .45 | .60 l.32 .45 | |-0.42 | .34 | .65
Deep = 0.5, Shallow = 0.6 1.27 1.22 1.58 1.17 1.36 1.34 1.69 1.24 1.34 10.31 1.25 1.76

* denotes that translocation is not economicaile.
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Origin site Maatsuyker Island Port Davey Sandstond|uff aaandy
Release site K.l. Tar SW Maria | K.I. Tar. SW Maria | K.I. Tar. SW Maria | K.I.
BASECASE $2.60 $2.40 $87.49 $4.79 $2.84 $2.97 $36.88 $7/125.356 | $4.28 * $7.78| $8.18
WORST CASE SCENARIO $9.45 $10.13 * $25.41 $11.9r $14.00 * $43.68 $21,3918.46 * $48.61] *
Natural mortality M (basecase =

0.1)

0.07 yi* 1 .07 1 .13 1.24 1 .18 | .04 1 .05 1 .56 | .05 - 0.00 1 .01 1.08
0.2 yrt 1.30 1 .54 ! .16 1.78 1.19 1.22 .27 1.21 1.11 10.15 1.22 1 .08
Charter hourly rate (basecase =

$150/hr)

$200/hr | 123 ] 115 | 1.8 | 120 | 122 | 118 | 1.8 | 1.22 | 1.26 | 10.19 | | 1.19 | 1.21 |

Base case assumptions:

Nogakwbhr

orst cast scenario:
marketability=2,
growth =2,

Quantity of translocated RL = 5 tonnes
Method =Charter vessel from closest port
Reds>2KG$ 26.25, Reds 0.8-2 kg$ 31.35, Reds&80R6.40, Whites>2kg $ 24.25
10% of 30 pot vessels and 30% of 50 pot ve$sadsing quota (however, this only affects fishexfipr
Average variable cost $11.88/kg (15 pots), $04d (30 pots), and $16.39/kg (50 pots)

Average lease cost $16/kg for all fleet sizes
Average fixed cost $4.94/kg (15 pots), $5.418@ pots), and $7.37/kg (50 pots)

harvest rate, deep=0.5, shallow=0.6,

natural mortality=0.2,

W
1
2.
3. emigration loss=0.10,
4
5
6 charter cost =$200/hr
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8.3 Discussion

The economic implications of translocating RL frelaw growth to higher growth
areas around Tasmania were analysed in this stidglogous to the cost of rearing
hatchery fish in other studies (for example Loren2@05) we applied translocation
cost to the additional RL biomass translocatedugmeent the natural population,
corrected for mortality.

The cost per kg of RL was determined for two tramtgtion methods serving as a
primary indication of the feasibility of potentifalture translocation. If the cost of
guota gained through translocation is below thé gbkeasing quota there would seem
to be a financial benefit of translocation to fishe

The cost of translocation is sensitive to changeake biological model, which
estimates the growth rates and emigration and tigriasses. However, even under a
worst-case scenario for all biological variablég, tost of translocating 5 tonnes of RL
from two areas in the Southwest of Tasmania (Mgatsuand Port Davey) to King
Island is still lower at around $10 per additiokglof yield than buying quota at $16.
Assuming a base case scenario involving chartexdomanslocation of 5 tonnes of RL
from these sites, the cost of each additional kguaoita is $2.60 and $2.84 respectively.
Should charter costs increase by one third, theafaalditional quota is likely to
increase by only around 24 percent.

Translocation by fishers as opposed to chartereless possible for areas that are
passed on the return trip to port. For examplis,ttAnslation method is viable for
translocation from the SW to areas close to thégfddobart (represented here by
biological data from Taroona). The cost per kifogrof gain in yield is significantly
lower than the cost by charter vessel, but thenegéid State benefit is also lower due to
the impact of differential growth rates betweendahigin and the release site (this
outcome is also observed for translocations betwlsedeep water site Sandstone
Bluff and shallow water areas at Maria Island).

Translocation to inshore areas in the southwesttiwiable regardless of transportation
method. The cost of additional quota by transiocatising the charter method is
greater than leasing quota. A lower cost can hesged when fishers transport the RL
but the net State benefit would only be betweerd$4thd $9,000 per 5 tonnes
transported, much less than any of the other relsiéss due to the low growth
differential. A conclusion from this aspect of thealysis is that the gains made
through translocation are largely related to insmegyield, the benefits gained through
changing product quality and beach price by traraglng inshore are much more
modest.

Net State benefit from translocating 5 tonnes ofiRtonsiderable at between $140,000
and $160,000 in the two most attractive optionsgtdayker or Port Davey to King
Island). The IRR for 5 tonnes is around 200 perdeie the relatively low cost of the
actual translocation and the substantial diffeegimti productivity between the sites.
Even if translocation were considered high-risks tRR is extremely high indicating
that this is an attractive investment option.
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Note that the risk profile of translocation diffdéos the State and for individual fishers.
For individual fishers the risk profile is equivateo that of normal fishing operations
because quota derived from translocation woulchbdesiinguishable from that of quota
leased from any other source. For the State jskeprofile of translocation may be
different to that of normal quota. Normal quotali®cated on the basis of estimates of
sustainable total allowable catch from commeratic records finishing 12 months
prior to the allocation of quota. In contrast, guallocated from translocation would
be on the basis of model-projected outcomes o$loaation, with data collection
occurring in the future. One approach to manathigyrisk would be to only allocate
part of the projected gain in yield as additionabta. Our estimates of the cost of
additional quota through translocation show thateéhs ample scope for this. For
example, if only 50% of the projected additionalgligained through translocations
between Port Davey and King Island were allocateithers, the cost per additional kg
of quota would be less than $5.00. This remaitracive to fishers given that leased
guota is around 3 times this cost.

Fishers can expect a significant increase in @afisuming that the translocated RL in
the release sites contributes to catch and thaagsiincreased as a result. Taking into
consideration the variable cost of catching addéldrL, fishers can expect around
$7,000 in additional profit from translocation oflyonnes from Maatsuyker or Port
Davey to King Island. Given that the biological debindicates that there are
significantly high numbers of undersize RL in thesigins, additional profits are a
multiple of the conservative estimate above. itportant that any future research
consider the fact that profits are regional andlliko affect the various fleet sizes
differently, mainly due to the concentration of sieravessels in the inshore areas.

A shortcoming of this research is the lack of dataegional deep and shallow water
stock sizes to estimate optimal numbers of RL ttrévesported. As this stock data is
currently not available it didn’t allow the optinatson of financial and economic
indicators. Increasing the information availalbtespatial distribution of stocks, plus
the understanding of density dependent procesadsg;arly at the site of origin,
should make optimisation of economic indicatorssgase in the future. Improved
guantification of other parameters such as relgastality, movement at release, and
time to transit growth through field trials shodiloither assist the development of
economic models in the future.

This research did not consider the differentiagéetfiof translocation on RL prices. The
potential increased availability of inshore RL that redder in colour with better
survival in transport, may result in an overall dovard pressure on the premium price
categories. The industry would benefit from anlymsa that investigates the potential
effect of translocation on the supply of higherneaRL on the overall price level and
consequently fisher income.

Overall, this research clearly indicates that ti@aetion is economically feasible, both
in terms of the cost per RL and the resultant Siateefits. This is especially true for
translocations between sites with larger growtfedsntial such RL collected in deep
water SW areas and released in the NW. The highftRRthe latter sites indicates that
the bio-economic model for this project predictngicant positive financial gains
from translocating RL.
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9. Cost recovery options for translocation

Systems for cost recovery of translocation wereudised with attendees at 10 port
meetings around Tasmania in May 2005. Three madels proposed:

1)

2)

3)

Fishers shift undersize lobsters under permindunormal operations.

Additional quota generated through translocaisossued in part by the
Government or a Government business unit and leasiedhd charter
operations. Allocation of increased biomass is Ipyoportion or share such as:
1 translocation biomass share= (legal biomassaseréy translocation —cost of
shifting)/2.

The amount apportioned to one share is allocatéluetgood of the resource, or
more formally: community/ecology/egg productionhelsecond share is added
to the Total Allowable Catch (TAC) and divided beem the Total Allowable
Recreational Catch and the Total Allowable ComnatiCatch as per the
existing management.

A levy is placed on all fishers to fund chadgerations. Additional quota is
allocated to all fishers. For the exercise to lasitde, this additional cost to
fishers must be less than the gain made througallibeation of increased
guota. Again, quota allocated to fishers needoeat00% of increased legal
sized biomass.

As would be expected, there was no industry conseos a preferred option with most
fishers of the opinion that more information waguieed to assist in formulating a
preferred policy position.

9.1 Shifting lobsters incidentally to routine fishng operations

Under this option fishers shift undersize lobsterder permit during normal
operations.

Pros:

Negligible cost.
Simple to implement.

Predicted significant yield benefits (for exampierease in legal size biomass
by translocating lobsters to Taroona (or Storm Bayn Maatsuyker Island of
390%.

Increase in total egg production if females lesstB0 mm transported (around
1/3 of catch of undersize when escape gaps closed).

Increase in market value of catch as deep-watstéod adopt shallow water
characteristics.
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* Increase in shallow water stocks and associatddgical benefits.
Cons:

* Possible increased enforcement costs for tripshvwmg translocation.

» Lack of control over release method.

* Unregulated volume and sites involve create unicgytan estimating the
magnitude of associated quota increases.

» South to North translocations that lead to greatesd and quota increases are
less probable.

* Lower probability of harvesting undersize lobsteosn regions with lowest
harvest rates (ie fishers will be conducting leestnal fishing operations in the
regions where harvest would most be preferred).

» Limited ability to manage regional ecological ogggoduction issues.

* Increased supply of product may reduce market price

9.2 Lease of additional quota

Translocation generates additional exploitablellsg& biomass that would not have
been available to the fishery otherwise. If theCTere increased by the same amount
as the increase in exploitable biomass, then thetdd be no nett impact on the
resource in terms of biomass. If the additionghlesize biomass were only partially
allocated then there would be gains to both the BAG the residual standing stock of
legal sized lobsters.

Under this management concept, the additional qgenarated through translocation is
partially leased out by the Government or a Govemrbusiness unit with funds
generated used for charter operations. Allocatidncreased exploitable biomass is by
a proportion or share.

Part of the increase in biomass (say 50%) is akacto the good of the resource, or
more formally: community/ecology/egg productionhelsecond part is added to the
Total Allowable Catch (TAC) and divided between fraal Allowable Recreational
Catch and the Total Allowable Commercial Catch estpe existing management. The
additional commercial component could be leasambtomercial fishers to fund
translocation operations, including research anditaong.

For example: if a translocation exercise is coneldithat generates 1 kg of additional
exploitable legal size biomass at a cost of $2) thé kg is left unfished to increase the
standing stock and increase catch rates. The némga0).5 kg is added to the TAC and
0.45 kg of this is allocated to the commercial setllowing for a 10% recreational
harvest). Commercial fishers can then gain thet tig harvest this quota unit of 0.45
kg at a cost of $2.
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As shown inTable 5 this system has the potential to deliver quotistters at prices
considerably less than the current lease priceghvdre around $16/kg.

Table 5. Sale price of additional quota required to fundrtdrad translocation operations
with vessels capable of translocating 5 tonnegrgeand conducting 150 pot hauls per day.
Values given are the cost per additional kg of guotbe generated. If only 50% of the
additional yield is allocated to commercial fish#ran costs increase but other benefits accrue
including reduced harvest rates, reduced risk ofoggcal impacts, increased egg production,
and increased catch rate for recreational secese&ch levy applied here is based on T-bar
tagging of each translocated lobster at $1 petéob®Options of translocating females only
may be considered in regions where sex ratio gisites is strongly skewed towards
females.

Sandy Cape to King Island Port Davey to King Island
Cost to fishers per All undersize| Females All undersize| Females only
additional kg quota only
All extra yield allocated $2.37 $2.22 $2.45 $2.62
50% allocated as quota $4.73 $4.44 $4.91 $5.24
50% allocated as quota
+ a research levy $7.88 $9.67 $7.18 $7.57

Pros:

* Ownership of the lobsters is retained by the staltéch overcomes conflicts
between different sectors.

» Translocation maximises yield in the fishery byquing translocations that are
optimal for productivity (not simply convenient fbshers as per option 1).

* Research and monitoring is fully funded.

* The magnitude and destinations of translocatioasranitored and quantified
SO quota increases can be justified.

» Enforcement needs are removed by funding of inddgetnchartered
translocation operations with independent monitpstaff.

* Provides for stock rebuilding and increased nortlegyg production while also
increasing catch and economic yield.

* Release method is controlled.

» Ability to target specific regions for capture amtease sites, such as areas with
special ecological concerns.

* The market price of these additional quota unitdabe raised further to create
savings elsewhere for all participants in the figl{eg fund the State’s FRDC
contribution or reduce license fees to commeraidl i@creational fishers).
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Cons:

» Lease price to fishers may be difficult to managdease price of < $10/kg
creates downward pressure on investor returnseetlyraround $16/kg).
Presumably demand for these additional quota wnit®e great given that they
could be offered at a substantial discount to nbmaaket price. Thus an
allocation option is required, such as a lottergiclr may introduce perception
of inequality.

* Increased supply of product may reduce market price

» Perception of loss of opportunity for those fishepgrating in regions from
which lobsters are removed. These concerns mdgfayed because the
option increases the statewide exploitable bioraasisthus increases the ability
of fishers to take catch at all times of the yeBine option also raises the
likelihood of quota increases for all fishers unther standard TACC provision.

9.3 Levy based on quota holding

This scheme is similar to scheme #2 except thatdles of translocation are
distributed across all fishers, as are the gahsder this scheme, additional quota is
allocated to all fishers. This additional quota igortion of the gains in exploitable
biomass generated through translocation, perhays 50

All fishers would be charged a fee based on tharent quota holding and be issued
additional quota. Gains for each fisher are esgnthose shown imable 5(ie <$10
per extra kg of catch allocated).

Pros and cons are similar to those for option Z2pim the following instances:
Pros:

» Benefits are spread broadly across all fishersiabthere is no perception of
loss for fishers who tend to operate in southerterga

Cons:

» Allfishers will be required to participate evertliey have no desire to increase
business earnings.
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10. Industry concerns with translocation

Although there was widespread interest in the gonektranslocation, fishers at port
meetings also expressed several concerns abosltatation and felt there was need for
more research in some areas. These were:

= That the capture and removal of lobsters in soathegions could reduce catch
rates for fishers who work in those areas.

= That translocation involves interfering with naluzaosystems.

= That translocation may not be the optimal managémoehfor managing the
inshore depletion/offshore reduction in effort s8uAnother idea involved
separate zones for deep and shallow with extraadfootdeep water (and less
for shallow water). There was also discussionitdéient size limits in
different zones.

= That translocation is a patch for bad manageméme underlying issue of
uneven distribution of fishing effort is not addsed.

= That the shift of effort away from deep water iallea marketing issue and
could be solved by the development of new marketside China.

= That egg production in southern regions shouldoeadltered as it may be
sustaining recruitment.

= That translocation of slow growing lobsters fronutb@rn regions may spread
the genotype for slow growth.

= |f translocation leads to increase in quota, howvdaensure that shifted lobsters
are harvested rather than lobsters elsewhere?

= |f translocation increases the availability of ltdrs in inshore areas, won't this
lead to even greater shift of effort inshore andgstaven more depleted inshore
reef.

Insight into some of these issues is provided ahaes conducted here, while other
aspects require further research.

10.1 Are catch rates of fishers in southern regionsarmed by translocation?

Fisher’s concerns about this issue were not relatedovements from deep to shallow
water in the same region, but rather larger digganovements such as from deep water
south to shallow water north.
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The outcomes of the biological model (Section Yvedd that translocation leads to
increased legal sized biomass in the fishery ak@ex In many cases this gain was
substantial so that significant increases in thledry appear feasible.

The potential for catch rates of fishers in southregions to be reduced by
translocation is thus a function of the abilityfishers to shift effort to areas of higher
catch rates. This shift could be through actualeneent of fishers or a change in the
dynamics of the leasing of quota.

Predicting how fleet dynamics will change with ge¥aaccess to premium grade
lobsters in northern regions was not analysed &&estimating the magnitude of
possible translocation operations was beyond tbpesof this project. Such an analysis
would require the development of a length-basedsassent model extending that done
by Punt and Kennedy (1997).

However, historical catch information provides samsght into how the fleet would
behave with increased abundance of high valuedobsgt shallow waters. Historical
patterns in effort in a given area suggest thatldet is highly dynamic (Figure 11).
Frusher et al. (2003a) confirmed that fishers card to respond to changes in catch
rate and market demand for grades of product whetagvas introduced.

The responsive historical distribution of efforttive fishery indicates that a portion of
the fishing effort would respond to the increaseatch rate elsewhere. In the case of
translocation, the additional exploitable biomassild be from shallow water and there
has been a clear trend of fishers preferentialiyating effort to these darker red
lobsters.

Improved growth rates of lobsters in the southraitenovals for translocation may help
to dampen any impact on southern fishers. McGaetey. (1999) examined growth of
lobsters in South Australia and observed an inereagrowth with decreasing density
so that productivity would be expected to increaf¥eep-water stocks in the south are
currently at very high density and density depehééects on growth and mortality are
assumed to important in SW Tasmania under bagiciptes of population dynamics.

A key point on this issue is that the magnitudées of yield from southern areas is
trivial relative to the gain in yield achieved thgh translocation in many cases. This is
shown to extreme in Figure 12 for movements oftietssfrom Maatsuyker Island to
King Island. Similar results were obtained fomgkcations from Port Davey to King
Island and indicate that the scale of any forgaaklyn southern areas would be minor.

Lastly note that fishers operating in southernamgiexperience an opportunity cost by
failing to work towards management that benefieswinole State. Decisions on
management such as levels of TAC tend to be bas#ueoveakest region. This means
that opportunity for quota increases for southeshers will likely be forgone unless
stock rebuilding and improved egg production istpoted in northern regions.
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Figure 11. Change in effort for assessment regions in thehseast and the north west over the last 20
years. Effort is volatile from year to year whishai function of fishers moving between regionsdis
using more or less effort in regions each year,raatk recently — the leasing of quota between regyio
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Site of Origin
Maatsuyker Island Sandstone Bluff Sandy Cape
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Figure 12. Annual pattern of yield through translocation fiffetent sites of origin and release. Results
from lobsters originating from Port Davey were $émio those from Maatsuyker Is. and are not shown.
These simulations are based on the translocatiail ohdersize in catches (ie. no grading of lotsster
sex or size prior to translocation). Double pdakgeld gains occur on occasion as males and then
females recruit to the fishery.
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Figure 13. Annual pattern of gain in yieldY( - Y,) through translocation for different sites of amignd

release. These results show the difference betlieenin Figure 12. Results from lobsters origimgt
from Port Davey were similar to those from Maatsns. and are not showhhese simulations are
based on the translocation of all undersize intedie. no grading of lobsters for sex or sizemo
translocation). Double peaks in yield gains oamupccasion as males and then females recruieto th
fishery. Gains become negative on occasion whekdhort of lobsters at their new site have mafily
been caught, while slower growth at the old sitilts in a longer period of low-level recruitmenttie
fishery.

10.2 Does translocation interfere with natural ecostems?

The removal of rock lobsters through fishing onslacation introduces the risk of
undesirable community change in habitats utilisgdogk lobsters. Habitats that are
utilised by lobsters include both rocky reef ansbadilty/sandy substrates (Kelly et al.,
1999). Silty and sandy substrates tend to be mgpertant to lobsters at deeper depths
because less time is spent sheltering on reefglitiie day and sandy substrates become
increasingly important for foraging.

Research on the effects of the removal of lobgtersabitats has been mainly directed
to the role of lobsters on regulating urchin popaless. The concern here is that the
removal of rock lobsters may allow urchin numbergntrease to the extent that barren
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formation occurs (Andrews and Macdiarmid, 1991hisTrisk has been investigated in
Tasmania through an FRDC funded project “Rangensxte of the long-spined sea
urchin Centrostephanus rodgersii) in eastern Tasmania: Assessment of potential
threats to fisheries” (FRDC 2001/044; C. Johnsoiii®), S. Shepherd and K. Miller).

In Tasmania, extensive experiments have indicdtadi¢gal-sized rock lobsters are
important predators of urchins, and that fishingegil-sized rock lobsters is sufficient
to account for increases in urchin populationt@ls where barrens can form.
Rebuilding of lobster stocks in Tasmania through®)hhs been least effective in
shallow-water northern regions where barren foromais of greatest concern (Gardner
et al., 2005).

Translocation would thus be expected to be a pesirocess in terms of ecological
impacts as it raises the total biomass of larggllsized lobsters statewide with
greatest change in those regions with most depsttaxks. Translocation releases
could target regions with incipient urchin barrémseduce risk of barren formation.

Impacts on deep-water habitats would be expectéeé tower risk as stocks in these
regions will remain at high levels of biomass riglto the unfished state. However, it
needs to be acknowledged that little is known etehdeep-water habitats so
monitoring of these areas as part of translocagi@rcises would be prudent.

Figure 14. Urchin abundance regulated by predation, includlirag by rock lobsters. Increasing
abundance of rock lobsters in inshore areas thrtragislocation would be expected to reduce theaisk
barren formation. Little information is availalde the nature of rock lobster fishing : ecosystem
interactions in deep water so the effect of rem®f@ translocation should be monitored.

10.3 Are there better management options for the ssie?

Fishers have suggested that alternative manageptans may be available to deal
with the shift in effort to inshore waters.

One option that has generated much discussiom isdhing of the fishery into deep
and shallow water zones with additional quota alled for deep-water fishing. This
option may also entail a reduction in shallow wafgota, given that the current TAC
allows for catch in both depth zones. An examgplinat fishers may be allowed to take
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10 kg in addition to the standard quota per potréuly 145 kg) if they fish below 80
m depth.

This option may provide opportunity for increasesjuota by reducing management
concern for inshore stocks, although the magniafday increase in yield appears
much smaller than through translocation. Thiseisause of the reduced productivity of
individual lobsters in deeper water, which drivies patterns seen in Figure 12.

The option requires an evaluation of the potemfiedta from both deep and shallow
water, which is currently beyond the scope of thisteng stock assessment model.
Consequently, model development and probable additidata collection would need
to be undertaken to pursue this option.

No feasible apportioning system for additional deger quota has been developed.
There has been a suggestion that the magnituddddfanal quota for deep water could
be based on the price forgone by not catching highleie shallow water lobsters. That
option does not address the different variablescfostfishing in deep and shallow
water or the fact that the price ratio betweenletaand deep-water lobsters is not
constant (Figure 15).

If a population model were developed to allow teeneation of separate TACs in deep
and shallow water zones, then the shallow and @i@€}s combined create the global
TAC for the fishery. This process could be usedéwelop different quotas for fishers
operating in deep or shallow water, however arcation process would need to be
developed. A key point is how to deal with excgssiand for additional deep-water
guota beyond the deep-water zone TAC — how wouddé apportioned?

Other options to manage the spatial aspects dfghery include area closures, regional
size limits and regional zones with separate TACs.

Regional size limits have the potential to raiss#ds through both lower size limits in
southern regions and higher limits in northernoagi(Figure 5). Current modelling is
adequate to recommend regional size limits thatase yields and the TAC. The
introduction of regional size limits would requitescussion of enforcement systems.
Marketing effort may also be required because atjhdower size limits in the south
would optimise yield, these lobsters have very toarket value and may not be
harvested. Some fishers operating in deep watealezady discarding small but legal
size lobsters, so further reducing the size limithe south may not lead to an increase
in retained catch.

Area closures and regional zones with separate T@dittle support at port
meetings.
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Figure 15. Quota allocation for deep water / shallow wateremoifi based on the price differential

between shallow and deep-water catch, and if th€ Ware based on the current assessment model. This
analysis is based on average monthly beach pridelfsters in the median size categories and ischas

on current model estimates of sustainable quotapgig145 kg). Two issues are indicated: themwois
standard ratio that could be applied, it variestfimonth to month; and given that current quotauitdes

some deep-water catch, this option may need tduawmn unpopular reduction in shallow water quota.

If the current assessment model were altered tageseparate estimates of stocks in deep andshall
water, then it would be possible to provide estevaif separate deep and shallow zone TACs. We
expect that this would indicate that more catcHatbe taken from deep water. Thus it may then treco
possible to allocate extra deep-water quota withedticing normal quota.

10.4 Can the issue be addressed by marketing instéa

Highest prices for Tasmanian rock lobster are atiy@btained in China (Harrison,
2004) and it is this market that has driven fishefigrt into inshore waters. |If
alternative markets were developed that paid etgnv@remium prices for deep water
lobster then the motivation for fishers to direffoe inshore would be removed.

Marketing thus appears to present some opportafitipugh is clearly difficult for a
commodity product. Successful marketing initiasiveth deep-water southern rock
lobsters have included creating processed prodiucts meat and tail segments.
However, although these initiatives generate anutti profit for the industry, they are
predicated on access to lower priced deep-watstdoband don’t remove the market
incentive that drives effort inshore.

Translocation has some attributes that appeacditfio cover by marketing. First,
substantial additional yield is generated so tihatipction is increased. Secondly, it is
probable that translocation will transform deepevdbbsters with narrow tails, poor
survival in transport and low meat yields into éhalwater lobsters with better meat
recovery, which is still desirable to markets wh&hell colour or vitality is less critical.

FRDC Final Report 2005/217 Page 59



Rock Lobster Translocation

10.5 Can we afford to reduce egg production in sobérn Tasmania?

There appears to be low risk of affecting recruiitri®y translocation. This is because
egg production in southern Tasmania is well in sga& the management target of 25%
of production in an unfished state and is estimatdae around 100% (Gardner et al.,
2005). In contrast, egg production estimates fnamhern regions indicate very low
levels less than 18% of the unfished state. Tomasion would thus act to improve egg
productions in regions where it's most depletedeilat a loss from southern regions.
This type of outcome is a lower risk managemeiatiagyy relative to the current, where
egg production is highly depleted in some areavintutally untouched in others.

Given the uncertainty about the location of regitihva are important for larval supply,
the conservative approach to management of eggiptiod is to have reasonable
levels of egg production in all regions. Thishe turrent management objective and
would be assisted by translocation rather than édrm

Model outcomes shown in Figure 5 indicate thatl tegg@ production after translocation
may be equivalent or greater than that withoutdliaeation. This is because of the
greater growth and size of females after transiocaplus the effect of decline in
harvest rate. Harvest rate would decline aftersiication where the increase in quota
was less than the increase in exploitable biom&bkg. economic evaluations Trable 5
are based on the harvest of only 50% of the adtditiexploitable biomass generated by
translocation.

10.6 Is there a risk of spreading lobsters with “sglw growing” genes?

Lobster larvae are widely dispersed (Booth and 8tewW992) so it is clear that
regional characteristics such as slow growth ratesiot controlled by genetics. Larval
transport between Tasmania and New Zealand apfezeible and stocks in these
regions are genetically indistinguishable (Chisweglal., 2003). Larval mixing between
regions within Tasmania is therefore assumed.

10.7 What if local lobsters are harvested instead ¢the translocated lobsters?

The TAC is based on model projections of TAC scesaand what impact these are
likely to have on egg production and biomass. ihkent of translocation is to increase
biomass and egg production so that the TAC candreased. The origin of lobsters is
not relevant to this process, simply the sustamgiald generated from the total
biomass. Put simply, for the purposes of settiegftAC and for managing egg
production, a lobster is a lobster, regardlesgigirm This is effectively also true
genetically (Section 10.6).

Given that it is intended to target translocatieleases to sites where there are concerns
about local levels of biomass and egg productios harvest of lobsters in other

regions instead would actually be preferred (franmegg production, not economic
perspective).
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10.8 Will effort shift inshore and deplete inshorgeef?

Some fishers expressed a concern that translocatiaid increase the availability of
lobsters in inshore areas, which would then leaddmeased effort in these areas and
ultimately even more depleted inshore reef.

This concern seems unlikely to be realised aslveason does not alter the business
decisions of fishers when choosing where to fishr example, a fisher would be no
more likely to continue fishing in an inshore avdaen catch rates were very low
simply because translocation had once occurrdteaite.

We would expect catch rates to increase followitigaaslocation event and then
gradually decline as the cohort of lobsters is resddoy fishing and natural mortality.
There appears no reason why fishers would contmegpend effort at the site at
levels beyond their normal intensity.

Also note that under operational proposals in Giratthe residual exploitable
biomass and catch rates would be expected to semgader all translocation scenarios.
This is because the quota is not increased toxieaeof the increase in exploitable
biomass. This provides reduced risk of regiongleteon of biomass relative to the
status quo of no translocation.

11. Benefits and adoption

The project has met objectives of evaluating tlasifality of translocation. The work
was intended to be an evaluation of this manageoyidn to assess if further research
expenditure was warranted.

This process has demonstrated the economic fagsddikranslocation. The
commercial and recreational Tasmanian rock lobsthrstries have reiterated interest
in pursuing increased catch in the fishery throtigd method.

Adoption and subsequent benefits to the fishermotaccur until further research is
conducted. This research must (a) improve estsraEteome of the biological model
parameters, and (b) provide advice on the scal@ons$location operations that are
optimal.

12. Further development

Direction for further research was provided by #enty analyses. Issues include:
= density dependent growth and mortality throughdasgale field trials;

= time to transit growth rates at new site;
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= release mortality and emigration; and

= patterns in SOM transition of translocated females.

In addition, population modelling of deep and shallvater stocks is required to
evaluate the magnitude of possible translocatia@raipns (and thus the probable
annual gain in quota and economic yield).

The economic analysis conducted here should bategéollowing that additional
research to enable discussion of appropriate teeguibta generated by translocation.

13. Planned outcomes

As predicted in the project plan, this project hadcommercial outcomes because it
was intended to serve as a test of wether additresaarch was warranted. Given the
positive results of the project, subsequent rebearexpected to have significant
commercial outcomes. These will be as increasth @nd economic yield in the
fishery.

14. Conclusion

Translocation involves the shifting of undersizekrdobsters to new areas to increase
productivity or quality of product.

We modelled the translocation of rock lobsters feboriginal sites to 4 release sites
that have a range of growth rates. Most scenagm$d increases in yield at least double
the status-quo. Greatest gain was from the traastm of females from the SW to the
NW — in these cases the translocation of 1 tonthédelmost no loss of yield at the
origin site but a 1.6 tonne gain at the releage sit

Levels of egg production in northern regions aneagnagement issue for the Tasmanian
fishery and these were increased by translocafémth yield and egg production
benefits were greatest when smaller females wansltwcated and when translocation
was integrated with increased regional size linmtghe north.

Economic analysis of scenarios that involved theentent of 5 tonnes of lobsters by
charter indicated that it is possible to generataaditional kg of catch for around
$2.50. This compares favourably with current leassts of >$15/kg. Net state benefit
was $160,000 per 5 tonne trip by a chartered vedd®s internal rate of return for these
operations was around 200%, which constitutes &remely attractive investment.
Three possible systems for funding translocatiorevdeveloped and each involved an
allocation of additional quota to fishers.
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Translocation appears to offer a feasible optiorststainably and substantially
increasing yield by converting low growth, low vallobsters into more productive,
higher value lobsters.
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18. Appendix 3: Estimation of biological parameters

18.1 Growth

Growth was estimated from tag recapture data frames, Maatsuyker Island, Port
Davey, Sandstone Bluff, shallow South-Western Tasapd&astern Maria Island and
Tasman Peninsular, Taroona and King Island. Dat& wollected between 1990 and
2004.

Von Bertalanffy growth curve parameters were estthdrom tag.recapture data by
using the GROTAG estimator of Francis (1988) withdifications by McGarvey et al.
(1999). This method, based on a reparameterizafitine Fabens (1965) von

Bertalanffy equation, expresses predicted meangehemlength QI: ) as a function of
time-at-large At) and length at time of taggind.{). The growth parameters K arig

are replaced by ga and gb, defined as the mearabgiowth rates at two lengths
chosen by the modeller, a and b.

These growth curves were applied to lengths ofteybaising the mid-point of each
size bin. While this was adequate for the purpo$éisis model, more detailed
modelling exercises of translocation would utilgssize transition matrix approach to
describe individual variation in growth rate wittgize bins (Punt et al., 1997).
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Table 6. Von Bertalanffy growth curve parameter estimatiesufficient recaptures of female lobsters
from Port Davey were obtained for growth to bereatid.

Females Males
Site n L., K n L., K
Deep
Maatsuyker Island 1862 106.61L 0.04374144 | 122.42 0.1954
Port Davey - - - 1182| 116.260.1938
Sandstone Bluff 4677 107.4Q0 0.40/22667 | 122.28 0.4592
Sandy Cape 166 127.39 0.1701124 | 178.12 0.1390
Shallow
shallow South-Western| 2768 112.28| 0.0978 1496 | 122.67 0.3014
Tasmania
Eastern Maria Island and 539 112.73| 0.0979 366 | 122.67| 0.3015
Tasman Peninsular
Taroona 5304 132.41 0.17607413 | 182.44 0.2279
King Island 375 147.79] 0.3029 472 | 184.26| 0.2601
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Figure 16.Von Bertalanffy growth curves for male and femaledters from each site.

18.2 Length Weight

Length-weight parameters were estimated for eactasd for deep- and shallow-water
lobsters separately. This accounted for the loweaght at size for deep-water lobsters.
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Figure 17.Change in weight with carapace length of male andbfe lobsters from deep and shallow
water.

18.3 Natural Mortality

Lorenzen (2005) recommended enhancement operdt@modelled with account of
the typically inverse relationship between natuanattality and length. We did not take
this approach and instead assumed that naturahhtypiwas constant with length. This
was because the lobsters being released by tratislooperations were much larger
and proportionally older than the finfish juvenildiscussed by Lorenzen (2005). Thus
the assumption of constant natural mortality wasexpected to be violated to a large
extent. Analyses of natural morality shown bel&ig(re 18) indicated constant
natural mortality with length down to lobsters & @&m CL, which is around the size of
full recruitment to research gear without escagesga

Natural mortality was estimated from samples obtebs from regions where no fishing
mortality occurred. These were (i) female lobsteyesn the Maatsuyker Island site and
(i) male and female lobsters from the Taroona \Aatearine reserve. Although the
Maatsuyker Island site is open to fishing, few feeraeached legal size (10 of 75994
lobsters in research samples) so total mortality éstimated from this site was
effectively natural mortality onlyi ).

Mortality was estimated by a length-converted caistve using the method of Pauly
(1983). This method used data on the frequencyober of individuals in length bins
(F ; total n=75994) with age of the midpoint in lengfihs estimated from the inverse
of the von Bertalanffy growth curve, withset to zero as only relative age was
required. Parameters to define the von Bertalagridyvth curve were estimated from
tag recapture data collected through the same sagrptercises n=18612;_ =
106.6055,K =0.04367). This allowed determination dtf which is the time taken to
grow through a length class.

The catch curve equation is:
In(F /dt) =a-2t

which enabled Z to be estimated by linear regressithe regression was restricted to
data from lobsters fully recruited to the gear.

FRDC Final Report 2005/217 Page 68



Rock Lobster Translocation

The number of tagged and recaptured lobsters osaerive growth parameters are
shown in Table 6. Numbers of lobsters used fagtlefrequency data were 75944
(Maatsuyker females), 10852 (Taroona females), 12888 (Taroona males).
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Figure 18. Estimation of natural mortality with a length conteal catch curve for southern rock lobsters
from off Maatsuyker Island and Taroona Marine Reseff is the number of lobsters in each size bin
and dt is the time taken to grow through the imear regression of fully recruited data (excluduata

points close tol, ) produced an estimate of the slope, or instantaneatal mortality. Instantaneous

total mortality estimates were 0.232_1 (females, Maatsuyker), 0.2§t_1 (females, Taroona), and 0.24

y‘l (males, Taroona). These equate to annual suref\&0%, 81% and 79% respectively.
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Results from analyses of natural mortality indidateat similar rates exist in deep-
water and in-shore areas. Thus the same valuesapelied for both removal and
release sites.

18.4 Density dependence

Density dependent interactions can be expectadflteence the outcomes of
enhancement operations through changes in bothtlyawad mortality (Lorenzen,
2005). Incorporation of density dependence imaoael of translocated animals is
more complex as increases in density at the reltswiill be accompanied by
decreases in density at the harvest site. Thus theuld be a prediction of
translocation leading to increased yield per re@utihe harvest site and decreased
yield per recruit at the enhanced site. This aspkttanslocation was not addressed in
the current model but appears an important issutifore research.

Modelling approaches are available to incorporageetfect of density dependent
growth and mortality into translocation analysesrédnzen, 2005). However,
incorporation of even hypothetical scenarios ifidift here as responses of lobsters to
increased density defy generalisation.

Previous research presents mixed guidance onkitlg Importance of density
dependent processes in Tasmanian lobster stock&aMey et al. (1999) examined
growth of lobsters in South Australia and obseraetécline in growth with increasing
density so that a 10% decrease in CPUE increassdlyby between 1.9% and 4.9 %.
Gardner (2004) examined processes affecting siaesat of maturity of female
lobsters around Tasmania and found only a wealenfte of density, which implies
similar for growth as these are generally linked.

18.5 Fishing mortality

Estimates of fishing mortality of lobsters in di#at regions around Tasmania have
been derived from different methods. The lengtbeldamodel developed by Punt and
Kennedy (1997) produces estimates of fishing migytabm 8 assessment regions
around the State. Recent estimates from this meeld reported in Gardner et al.
(2005). Frusher and Hoenig (2003) used tag-recaplata to estimate fishing mortality
using multi-year tagging models. All sources pdad similar estimates of
instantaneous fishing mortality of around 1, whacjuates to annual fishing mortality
of around 65%. None of these sources provide agpastimates for deep and shallow
water although differences clearly exist due tbdis targeting higher value lobsters in
shallow water. The sensitivity of translocatioméfits to estimates of fishing mortality
from different depths was tested here.
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18.6 Catch rates

The number of pot lifts required to catch the dabmumber, size and sex of undersize
lobsters influences the economic cost of captuobgters from deep-water sites.
Catch rates of undersize lobsters by 2 mm sizevene determined from research
sampling conducted between January 2000 and JaR0@byat the Maatsuyker Island,
Port Davey and Sandstone Bluff sites. This resesampling was conducted using
traps with the escape gaps tied closed, which walslol be the case with any
translocation exercises.

Research sampling was conducted in a manner diffesghat of commercial
operators; potlifts were less frequent, sampling mat conducted during periods of
peak catchability and pots were not set with therninhof maximising catches. To
provide more realistic estimates of probable undersatch rates in translocation
exercises, research catch rates from each sitesgated to commercial catch rates
from the same fishing block. Commercial CPUE walsudated as total catch / total
effort (potlifts) per year. Catch rates of legaksiobsters in research sampling are
recorded as number of animals per potlift, whicls wanverted to weight using the
length weight relationship for deep water lobstéscribed previously.
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Figure 19. Predicted commercial catch rates of lobsters pan®size bin using traps with escape gaps
closed. Sites are Maatsuyker Island (Maat), Paxdy (PD), Sandstone Bluff (SSB) and Sandy Cape
(SC).
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