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INTRODUCTION :
Since 1965, the Westemn Rock Lobster Fishery has been managed by what is essentially a license
limitation scheme involving restricted entry for boats, a limited duration fishing season, and strict
controls on the aggrepate number of pots which can be used by the commercial fishing sector, These
core policy itistraments have been supported by a range of other regulations, such as prohibitions on
1aking berried or setose adults, controls on pot design, and other gear restrictions. Many of the
additional regulations have the effect, at least in part, of reinforcing the cifectiveness of the license
limitation scheme in controlling {ishing etYort by limiting catching power of licensed pots,

By most measurcs, management of this fishery has been highiy successful, Biological over-exploitation
of the fish stock has been prevented, at least until recently, The level of compliance with fishery
regulations has also improved significantly over the past twenty-five years, and has been achieved with
relatively low levels of enforcement costs. However, by far the most significant achicverent, and one
which is still quite rare in the management of fisheries around the world, has been the generation and
preservation of significant resource rents (i.e. the long run net returns to ownership of the resource stock
net of all “real” zatching costs other than those related to accessing the fish stock, such as pot, boat, and
quota license costs), Generation of potential resource rent has been driven primarily by increases in the
price of the product {rom subsistence to luxury levels, but it has been the management of the fishery
which has been responsible for preservatmn of a significant propomon of the potential rent, The
tangible evidence of this rent is the prices paid for pot licenses, which are freely radeable, The
aggregate capifalised value of pot licenses in the fishery riow exceeds $1,000 million, which at a
discount rate of 5 per cent, implies that over $50 million in resource rent is gencrated annually,
Notwithstanding these achievements, there is widespread concem that the future profitability, and even
the viability of th industry is under threat uniess the current management pracuces ar¢ reformed. For a
number of years, thcre !ms !:s:en contmumg mcreases in nommal hslung eﬂ’ntt zmd even grcater

of use and eifechvsnes% of hshmg gc.ar in the mdustry Asa mqult, exnlmtauon rafes have been hlg,hcr it
recent years, which in turn has led to marked decreases in the estimated size of the breeding stock,
Growing concemn over the level of the breeding stock has led to an emerging consensus that further
changes to the methods used to manage the Western Rock Lobster Fishery will have to be made in
order to protect ils long term prohtablhlv :md vmbnhtv

basis. One is to continue 1o te13 ona modxﬁsd version of the current mnnagemem schcme the essence
of which is a License Lirnitation Scheme (license limitation schemes ) involving restricted use of key
inputs (i.e. pots), If the primary objective of restoration of the breeding stock to a viable level (and
subsequent preservation at this level) is to be achicved using this option, then the average annual catch
an exploitation rate wiil neéd o be reduced by further reduging effective cffort so that a higher
propottion of recruifs “escape” into the breeding stock. Available means of reducing nominal effort
include further reductions in the number of licensed pots and/or extending the duration of the closed
season. Independent reductions in effective effort also could be achieved by furthes résirictions to the
effectiveness of pot use (¢.g. by changing minimum size limits, and by banning technologies whlch
enhance pot “catching powa”)

! Defined as aggreate number of'pot lifts.



Economic theory* suggests that reducing catch by reducing licensed pot numbers is hkely to increasc il
average cost of effort because it encourages increasingly incfficient combinations of licensed and
unlicensed inputs. As a result, realised resource rent will be less than potential resource rent.
Furthermore, any rcgulatmns which impede rationalisation of boat numbers operating in the fishery in
order to mect socio-¢conomic policy goals will exacerbate this problem of rent dissipation. Likewise,
regulations which restrict the effectiveness or “catchability” of licensed fishing gear will also dissipate
potential rent, Where such regulations restrict the duration or iiming of fishing effort, they may reduce
the average return per unit of vatch as well as ma:reasmg the average cost of effort, th:reby further
dissipating rent. Finally, if past history repeats itszif, there will be a continuing need over time to furth
reduce the number of licensed pots to offset the impact of fishermen’s ingenity in exploiting
technological change to further raise the effective level of effort. Such ongoing change in the regulatio
of the industry would involve additional administrative, managcﬁaL and political costs,

The alternative approach is 1o abanden methods of mzmagmncn( based on input controls for one basec
on direct control of output, or level of catch, One intrinsic benefit of catch control based management
methods is that their effectiveness in linsiting exploitation rates and cmunng the desired level of
escapement to the bmedmg stack is riot compromised by advances in fishing technology nor by
favourable changes in economic circumstances (c.g. higher prices and/or lower costs) which provide a
incentive to increase effective fishing cffort, Crmscquenuv, s0 long as the total allowable catch (TAC)
introduced before the fishery is over-exploited, and is set at the correct level from the ouistt, there
should not be any need for continual adjustments to fishery regulations as is the case with input comrc
based management systems,

It is widely recognised that the inevitable consequence of a management scheme which relies solely or
TAC is total rent dissipation® due to the “rush 1o fish”, A rnote sophisticated approach to output contr
is to base the management system on individual transferable (catch) quotas (ITQ’s). The disadvantage
of ITQ based management systems have been discussed by Copes (1986), I particular, they revolve
around difficultics associated with compliance and enforcement, and the consequences of actual catch
exceeding the TAC, Other management costs, such as stock assessment research, are also likeiy to be
greater than for an [TE based management system.,

In theory, an ITQ based management system should foster generation of the maximum potential
resource rent from the fishery, In practice, there is insufficient evidence availabie from the
implementation of ITQ based management systerias on which to base a Judg"mcnt about whether ther
will, or will not be any rent dissipation under this type of mapagement system. C;onscqueuﬂy, econon
models have 10 be used to try to esimate whether possible uanges in the method of fishing under ITC
based management systems are likely to increase aggregate ney sconomic rcmms from the firtery
relative to those which could be earned under 2 system which controls inputs®, Several mcuwdologcal
different procedures were employed by Lindner (1994b) in an atiempt to obtain broadly consistent
estimates of thie relative benefits and costs of a change from an input based management system fo ari
output based management system, Preliminary estimates derived from a simple bioeconotnic modet of
potential resource rent dissipated under the current management regime of iTE's have been repoﬂed
previously (Lindner, 1954a), This paper contains the key findings of a complementary study in which
programming model of the fishery was used to directly estimate some of the mam bcncﬁts of a switch
from ITE's to YI‘Q‘ .

‘See Anderson (1985) and Campbell and Lmdner (19“0) : :
*i.e. net returns from the fishery are driven down to the pomt where catehing msts at least équnl Rross fetims,

‘What 15 clear 1 that the likelihood and degree of rent dissipation wal! be greater mrcguhuons sised 10 reinforce a licenss
limitation system of management aré not d;scarded upon ad()pmm ofanTQ basedmmgemmt system,

* For example, see Danty, T, and Pascoe, §.( 1994), and Lmdm:r { §994b)



ITE's VERSUS 1TQ's IN THEORY,

Anderson (1985) has demonstrated that fishery regulation by means of license lmmauon may geners
resource rents in a commercial fishery, While restricting the amount of a major input (e.g. pots) uscd |
the production of effort may increase the unit cost of effort, the reduction in the total amount of effo
devoted to the fishery will yield a benefit through a shift of resources to higher value uses clsewhere,

Rent dissipation is defined in this paper as the difference between the level of resource rent actual
generated under 3 license limitation scheme and that for the benchmark case of a sole owner generatir
maximuxy potential rent. Dupont (1990) describes the sources of such rent dissipation as; -

e capital stuffing, or input substitution, which results when fishermen attempt (o increase their
catches by using more unrestricted inputs in place of the restricted input;
e fleet redundancy, or excessive effort. due to the fact that the regulator permits more than the
optimal number of restricted inputs to be employed in the fishery;
° hetcmgmco\m vessels and/or catching tccimology which allows less eificien firms to continue fo
operate in the fishery,
There is a high depree of homogencity of vessel fype in the Western Rock Lobster Fishery, so the third
source of rent dissipation is unlikely to be important, and it is ignored in the rest of this paper. As noted
above, in theory a shifi to a management system based on ITQ's from one based on ITE's ought to
eliminate rent dlssnpauon due fo capital stuffing as fishermien respond to the elimination of distorted
incentives to economise on the use of licensed inputs, Moreover, provided that the TAC is set at the
optimal fevel, competitive pressures 10 cam a market rate of retum on the capital invested in ITQ's
should over time climinate rent dissipation duc to fleet redundancy,
Under an ITQ based scheme, most fishery regu]ations are redundant except for those relating to scmng
the level of the TAC so as to preclude excessive effort, and those designed to ensure protcctson of the
breeding stock such as prohibition of high g,fadmg Assuming all redundant regulations are in fact
repealed, economic theory suggests that the main benefits of ITQ's relative 10 a license lmutatwn
scheme will include :

o lawer cost per unit of cffort (i.e. effective pot lift) due to:
- fewer boats,
- more cot efficient boat and gear conl:gurahons
- more timely fishing, and
- more efficient fishermen,
* a higher retur per unit of vatch due to: , |
- better matching of’zhe seasonal dlistribution of catch fo seasonal variations in market
demand, an
- better quality (e.g. Setter class size mix, more “live”, more reds, etc.).
Given that both the level of‘ compliance and the quality and reliability of stock assmmcnt are equivalen
under each method of management, the primary dmadvaniages of ITQ's refative to a license limitation
scheme will include;
o higher enforcement and compliance costs,
¢ higher coss of rescarch for stock assessment,
It is possible that the risk of stock failure also will be affected by the choice of 1 managcment mcthod, bu
further rescarch is required to determine both the du'ccﬁon and the magnitude of this effect,




The cvaluatioy of \ong yun management options tor the Wcstcm Rook Lobster I‘whe:y rcmﬂcd here is
restricted to one key issue. namely the cstimated impact of the above two aitemnative management
systems on realised resource rent from the fishery duc to changes in cost per unit of ¢ffort, and in retun
jrer unit of catch, Estimates also are made of changes in n=t annual industry retwmns from the tuhcty du
to:

e reduced boat numbers
* more or less intensive potuse
e extended fishing season

A POTTED HISTORY OF THE WRLF

Development of the Westem Rock Lobster fishery took off afier World War IL with the opmmg up ot
national and infernational markets made possible by refrigerated transport. Both fishing ¢ffort and catct
grew so rapidly from 1945 to 1965 that concems arose about long term snstmnablmy of the fishery. As
a result, a policy of limited entry into the commercial fishery was introduced in 1963, and the number ¢
boats and pots licensed to operate in the fishery have been controlled since 1965, A number of other
regulations, such as a defined fishing scason and restrictions on the length of replacement boats, have
also been used to control fishing effort and/or achicve other govemment policy objectives, The high
rates of growth in catch and effort prior fo 1965, and the much lower growth rates since then are
evident in Figure 1 below.

‘I’*figurc 1: History of Catch and Fishing Effort
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In Figure 1, fishing effort is measured in terms of number of pot lifts, whmh in ﬁnc literature is oﬁm
referred to as the level of nominal fi shmg effort, In recent years, hs)ung effort has been of the order of
12 million pot lifts per annum, which given prekus fevels of recruitment and catchability would result
in an annual catch of nearly 11 million ke, at lcast in the short term. However, there is evidence that thi
level of cxploitation has depleted breeding slocks to levcls which could not sustam current levels of
recruitment. : :



The other determinant of aggreaate caich is catch pcr unit of efYort, o LPUE‘ Catch pet pot it
depends both on stock abundance, and on pot catching posver. There is subutantial evidence, even

though some of it is anccdotal, that pot »atchmg power hat increased over time due 1o input subnﬁmm;

Under a license limitation scheme, there is an cconomic imperative 1o rush to catch as many fish as
quickly as possible. Otherwise they moat likely will be caught by other fishermen, what seck to increase
their own level of fishing efToit by what ¢ver legal means are at their dmgmd Examples of input

substitution: which have increaszd pot catching power include “fish finding” aids such as depth sounders

and improvzd nnwganonal aids 10 locate productive fishing grounds. More exotic options such as
remote controlied mini submarines with a TV “cye”, and bigger or betier pots have been bmncd to
prevent even greater increases in pot catching power,

For the above reasons, growth in nominal fishing ¢ffort almost certainly understates the gmwth in
effecve fishing effort, Nevertheless, as can be scen from Figure 1, even nominal fishing cffort has
continued to grow, albeit at a slower rate, throughout the period of management by ITE’s. This has
occurred despite shortening the fishing scason from 274 days to 228 days in 1977 by bringing the
closing date forward from August 15 to June 30, and in recent vcars by reducing the number of pot
licenses on issue by 10%, Arguably these instruments are the two most effective means for controlling
nominal fishing cffort, and changes in them are depicted below,

Figure 2: History of Seasor: Duration, and Pot License Numbers
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As can be seen from Flgure 3 bclow, fishermen have been able to subvert much of the intent of 2.
shorter fishing season and reduced pot numbers by i mcrcwng the inisnsity of pot use, defined as level
of actual pot lifts as a percentage of potential pot lifis. Since the biology of the Westem Rock Lobster
severcly linits the effectiveness of lifting an individual pot more than once per day, potential pot lifts is
caleulated as the product of nu:tiber of licensed pots by number of avmlnblc ﬁshmg days during the
defined fishing scason,

* Given these definitions, the uni of measnrement for CPUE is kg, of catch per pot i,

-



Figure 3: History of Pot Use Intensity b
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Fisherman have increased expenditire in various ways to increase pot utilisstion rates, including buildin
Img i, faster, and more seaworthy boais 50 as to be able to increase the proportion of available time
e fishing, In particular, they have increased fishing effort during the main months of the “reds”
aeason (ie March to June) which are both less productive and more prone (o bad weather. Data on oatcl
per pot lift in Figure 4 illustrates the greaier catchability of lobster during the migratory “whites” season
in the carly part of the fishing scason relative 1o the later months,

Figure 4: Monthly Catch/Pot Lift for Earlier and More Recent Years,
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Several aspects of Figure 4 are noteworthy. CPUE is nmkcd,v higher in December followed by Macch
and April than it is for the r¢maining months, In all months, CPUE is lower in the latet sub-petiod than
in the earlier sub-period, and this difference is more marked in the later montha of the fishing scason
than in the cardier months, This seasonal pattern of fishing productivity is reflected in the scasonal
distribution of fishing cfYort as |llustraled in Figure § below,

Figure 5: History of the Seasonal Pattern of Fishing EITOrt;
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The differencs in the increase in pot utilisation rates betyween the eary and iatcr pans of thc ﬁshmg
season can be sezn by comparing Figure 6 with Figure 7.

Figure 6: History of Pot Utilisation in the "Whites" Season
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From . igure & ¢ can be seen that pot utilisation rafes have always been l\igh in Dcccmbcr, and
apparsntly reachei. a ceiling of about 90%, Given that in any given month, some “down time” will be
seavitable for some boats and/or fisherimen due to sickness, mechanical brcakdowns, bad weather, clo,,
a 90% pot utilisation rate probably is close to the achicvable maximum with existing tcchnology,
Initially, pot utilisation rates were lower in November and February, but in recent years have levelled ot
at about the 90% level. By contrast, pot utilisation rates ir; the last four months of the ﬁshing S¢a80N
started at much lower levels than for December, but have been increasing steadily ever since, and in the
case of March and Apnl may well have reached maximum achicvable rates,

Figure 7 + History of Pot Utilisation in the "Reds" Sewm.
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To sum up, because of greater ﬁa(chabih(y of lobaers during sclected months, arnd especially in
December and (o a lesser exient 12 March and April, it has been globally optimal, ceteris paribus, to
c.xpend more fishing effort during these months relative to the rest of the fishing scason, When thete is

“open access” 10 the resource stock, even if such access is limited to a select number of licensed
tishermen, this tmduwy to increase effort in the early part of the hshing season will be anwrbalcd by
the “rush to fish" (i’onsv.qu ntly, increasingly more effort is likely 1o be egpended carly in the fishi
season, and duc to intra-seasonal stock depletion, the fishing scason is likely fo reach the point of
cconomic exhaustion sooner than it should under an optimal pattern of exploitation, In the carly years ¢
the development of the fishery, available data on pot utilisation rates suggests that the scasonal patiern ¢
exploitation was broadly consistent with this scenario,

However, under the input based system of fishery management intwducad in the mld 1960's, the
evidence presented above suggests that economic pressures arising from this scheme have worked in th
opposite dircetion. Because the opportunity to further increase pot utilisation rates in the carly part of
the fishing season is limited by a finite number of available fishing days, the only means to maximise
returns to the scarce input of licensed pots has been (o increase pot utilisation rates in previously lightly
fished months, which tend to be in the laticr part of the fishing season. As a resull, for at least the past
two decades pot ulilisation rates in the fatter months of the fishinig scason can be seén tmm Figure 7
above to have increased faster than cquw.dem rates dmmg carlicr months as |ilus(ra¢ed n l‘igure 6.




The above discussion imphmtlv assumcs a stablc monomic environment, One of the ﬂungs thal has.
become less equal in recent years has been the seasonal paitern of prices per kg, for live product.
Because of the emerging importance of live exports to Japan. and more recently to Taiwan and China,
unit prices now tend to be relatively lower during the cariy part of the fishing scason, This has increased
the economic incentive to redistribute maore fishing effort into the latter part of the hshmg season refative
to the earty part of the season, To some extent, this fact offsets the lower catching costs in the “wintca”
season, so that a more even seasonal distribution of fishing effort is now more economically rational
than it was at previous times in the development of the fishiery.

Itis a moot point whether the current seasonal patern of exploitation in this fishery which hag wolwd
as a result of the cconomic forces outlined above is consistent with maximisation of fishery resource
rent. This is one of the key issues addressed in the analysis using the programming modcl descnbcd
below.

MODEL SPECIFICATION AND ANALYTICAL OVERVIEW

The mathematical programming model of the fi f”she:y dcwlmpcd for this study snmuiatts both economic
relationships and limited bnolowcal relativnships, By incorporating constraints info the model which
reflect existing industry structure in terms of boat and pot numbers, the scasonal pattern of effort, ets., it
can be used (o represent the current management scenario based on I’m’s For camparatm PUIpZacs,
the same basic model can then he run to identify the method of fishing” which will maximise aggregate
net annual economic tetums in the absence of these management speeific constraints. Results from such
amodel run provide 2 prediction of aggregale fishery outcomes under an ITQ's based management
scenario as well as an indication of likely economic behaviour by individual fishermen. Because the
model was constructed to be able to identify the optimal monthly pattem of exploitation of the fishery
which takes account of both seasonal variations in abundance and catchability on the one hand, and
scasonal variations in the average worth of the catch on the other hand, it provides an indication of the
potential cconomic benefits of switching fo an ITQ based management svsiem, although it is difficult to
predict all of the ways in which such a system would evolve in the absence of any input based controls,

Specifically, the model provides estimates of maximum pofential annual net cconomic retuins whick
could be generaied from the fishery given a defined total allowable catch (TAC), given $pcctﬁ¢
assumptwm abont the vauies of key fishery parameters and constraints, and given an assumed gconomic
structure in the catching seetor of the industry, In addition, the model computes the optimal boat and
pot numbers, and seasonal patterns of effort and catch which, subject to specified constraints, maximise
aggregate annual net retuns from the fishery.

Note that annual net retums may not equate with annual resource rents for several reasons, For
instance, there is no riccessary Feason why maximum potential short run net returns should be
biologically sustainable in the long run, For this rcason, the mode) was designed to ensure that catch
levels are consistent with stock availability, and that sufficient animals “cscape™ into the breeding stock
to satisfy the steady state condition for biologicil sustamabnmy, Specifically, the model incofporates &
simple representation of steady state population dynamics in the Wesiern Rock Lobster Fishery based
on assumptions about key relationships, including both catch and natural mortality as well as growth
over time in size of sumwng, animals. The level of resource rents being generated in & fishery also
depends on industry economic structure, which is determined, inter alia, by thc method of ﬁshcry
management,

ve the apgrepate level and configuration. of boats, pots, and other fishing smpnts.



In addition to » comparison of alternative managumm wgmmm the model was used to explore the
implications of changes (o some aspicls of the regulaiory environment which impact on economic
structure, including in particular the number of hoats operating in the fishery, The starting point for the
analysis of changes to the cconomic structure of the indusiry was htsmriwl average monthly pattems o
cateh, effort, and CPUE for the period from 1980 (o 1992 inclusive®, Apart from siack abundaricy,

CPUE will depend on “mamgmnl“ fariables such as catching technology and care and tinie taken in p
placement, as well as on various environmental factory wiich are imperfectly wnderstood, Tt is well
documented that the downward trend over time in CPUE due 1o declining stock levels has been
ameliorated 10 . sime degree by the above “thanagenial™ faclors, The extent lo whicis this is likely to
continue in the future will depend upon the method of management used in the fishery, and in the case
of a license limilation scheme, on the severity of fusther pot reductions, Other things being equal, CPT
may be higher (i.¢, decline slower) under a license limitation seheme than under an ITQ based
management system. Decause there is no evidence available on which to base predictions of the
magnitude of such a difference, it was not built into the model,

Key parameter values assumed in the programming model are set out in Table 1, and data sources ¢
detailed in Appendix 1.
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Minimum requiss cd momhly pot numbcm dc.pmd an n.qu md uﬂ‘urt, zmd on astsummmns abput numba
of available fishing days. In any given month during the mandated fishing season, the expecied numbe
of “available” fishing days will be a function boili of expected weather conditions for that lime of the
year as well of current boaling and catching tcohnolngy It can be inferred from Figures 6 and 7 above
that number of days fished per year has heen increasing sieactily since the introduction of the license
limitation scheme to manage effort levels in the fishery. In vecent years, this tiend has contined despi
significant reductions in the number of pois licensed for commercial use,

" Sze Figure 5 above for momhly efort data, nd Figure 4 for cateh per pot iR data.




An analysis of data on lishing ef¥ort for o sample of individual boats revealed that while almost all boats
are pulling their pots on every available day dusing the “productive” months, only some boats arg doing
so during the "unprodctive” months, Consequently, it would scem that: there is still considerable
potential for further increases in effort under a licénse limitation eme, and paniicularly in the Jatter
pant of the season. Subjective predictions of potentially available fishing days by month were based on
the above evidence, and used fo estimate pot numbers required on an annual basis to achieve specific
seasonal patiemns of catch and effort,

Likewise, estimates of optimal boat numbers are influeniced by assumptions made about average number
of pots per boat used in the industry, Based on data for recent fishing seasons, a value of 104 pots per
boat was assumed for most scenarios, Fowever, for reasons discussed above, number of pols per boat s
likely to be appreciably latger under an ITQ based management systern than under a license limitation
scheme, so an average value of 144 pots per boat was assumed in some seenarios,

In other scenarios, the implications of adopting a pohuy of preventing, mum\ahsnumn of boai numbers by
regulating number of pots per boat was investigated by fixing boat numbers at the current’ levels of 669
boats. Average pot numbers per boat in these seenarios was simply the ratio of minimam pot numbers
required to take the specified cateh to the mandated number of boats. Given the number of assumptions
which had to be made in specifyiag the model, the resulls reporied helow provide an imperfect guide o
the consequenses of changing the method of management in the hz,huy because of the difficulty of
predicting all of the ways in which economic structure will change in response (o a change in the system
of management,

To explore the economic consequences of changing the method of managing the Western Rock Lobster
mhcry the mathematical progmmmmg model was modified 1o reprosent a number of different
scenarios. In all of the cvaluated scenarios reported in this paper, the pnmmy consideration was
preservation of the fishery on a biologically sustainable basis, Expert advice is that average annual catoh
needs 1o be reduced to appmxxmatciy 9 million kg so that sufficient animals con escape caplure long
enough to reach sexual maturity, thus maintaining the breeding stock at a suflicient level, As noted
above, in recent years annual catch has been averaging nearly 11 million l\gh which is most probably not
sustainable, ,

Relative to a base case defined to approxinate current organisation of thc catc!ung scctor and the
average aggregate et ceonomic returns being generated from the iushory performance, the defined
scenarios varied in some or all of the following respects:

o retain the License Limitaticn Scheme and reduce pot lifts and the mrage catehi level

(from about 10.8 million Kg. to 9 million Kg.)

o retain the license limitation schemes and adopt a vardable closed season wilh a TAC set cqual 09
million Kg,
adopt 4 maniagement system based on II Q's, and with a TAC set equal to 9 million Kg,
extend the end of the fishing scason from June 30 fo Sept, 30 for sach mmzagcmam method
prevent deciine in pot nos. (by appropriate regulatior)
provent decline in boat nos, (by appropriate regulation)
relax regulations governing catching cfficiency (., maximum pots/boat)

®@ & 5 & &

*At the time ol initintion of this study.
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The specific scenarios reported in this pnper are summarised in Table 2 below together with reference
case numbcers, Results of cvalualmg these scenarios are summarised in Table 3 for cases involving inp
based management methods, and in Table 4 for cases involving managcmcnt methods based on outpu
controls, A comp:mwn of otherwise equivalent cases differing only in the basis for fishery managcmc
i presented in Table 5,

Table 2: Alternatwc Management Stenarms Evaluatcd wnth l’rogrammmg_M_M

Case Catch Management Boat }’nt _ A.Vg l’otslBoat  Season
No. | (m. kg) Method Nos. Nos. : | End Date
0 . 108 TAE/TE 669 | 69,576 104  Tune 30
i 9.0 TAEATE | Opt, No. | Opt, No. 104 June 30
2 9.0 TAEATE 669 | Opt, No. 104 June 30 |
3 90 | TAConly 669 | 69,576 104 Variable |
4 9,0 TACITQ | Opt.No, | Opt, No. 104 June 30 |
5 TACATQ | 669 ! Opt. No. 104 June 30
1 90 | TAEITE | Opt No. | Opt, No. 144 Yune 30
490 TACATQ | Opt.No. | Opt.No. | 144 June 30 |
21 9.0 TAEATE  § Opt, No, | Opt. No, 104 Sept 30 |
4 | 90 | TACITQ | OpiNo. [ OptNo. | 104 | sem3o|

Sccnanos 1, 2, 11 .md 21 all s:mula(c vnnanons on the current ITL/‘I‘AE bchd mamgemmt schcme
(case 0), and arc wmmnnscd in Table 3,

It can be scen that reducing cateh from current to more sustainable levels under this system by reduci
pot and boat riumbers (case 1 relative to case 0) reduces aggregate net retumns by about $5,7 million

~ paa., while the minimalist approach of reducing pot numbers only, but preventing any decline in boat

nnmbere, (case 2 relative to cass 0) reduces aggregate net returns by over $18,5 million p.a,, These
estimates do not account for any offscting losses due to additional rent dissipation hkcly to accompan
attempts to reduce effort and catch while retaining the ITE/TAE system, Clearly there is a large
opportunity cost of about $13 million (case 1 - case 2)involved in failing to allow rationalisation of bo
numbers when the catch is reduced to sustainable levels,

~ Pot and‘boat numbers arc both treated as fieely variable (up to current levels) in cases 1, 11, and 21,

comparison of cases 1 with 21, which differ only in the length of the fishing yeason, indicates that the

potential gain from an extra three months fishing under an ITE/TAE based system is likely to be

~ subgtantial, and of the order of $21 million per annum, However, if boat numbers were constrained te
equal current numbers, then the potential gain would be much smaller, Note that an ITE/TAE system

may inhibit rationalisation of boat numbers, - , ,



Table 3: Summarv of Rq'sults f(zr "lAE/ITE ﬁnsed Management

Case 0 1 2 oA 21

Management TTAEITE . TAENTE  TAEITE  TAEATE  TAE/TI
Catch Level Unsustainable Sustainable Sustainable Sustainable Sustainable
Boat Nos Constant Variable Constant Varlable Variabl
Pot Nos Constant Variable Varjable Variable Variabl
Avg Pots/boat <=104 «=104 <=104 <=144 <=10
Season ends , Juned0  Juned0 ' JunedN  June 30 Sept. 3
Catch ‘ 10,795,339 8,999,188  8,999.188 8,999,188 19,000, 00
Boats - 669 558 669 403 44
Pots v 59,576 58,000 58,000 58,000 46,23

Pottiftsf e
Nov 1,020,278 850522 850,522 850,522 676,63
Nec 2,018782 1,662,893 1,682,893 1,682,893  1,331,64
Jan 1,243,343 1,036,473 1,036,473 - 1,036,473 1,011,911
Feb 1,464,628 1,220,940 1,220,940 1,220,940 1,151,68
Mar 1,801,387 1,501,668 1,501,668 1,601,668  1,223,90
Apr 1,663,180 1,386,465  1,386.465 1,386,465  1,248,22
May 1,310,311 1,092,298 1,092,298 1,082,298  1,104,85
Jun 908,661 757,476 757,476 757,476 823,04
Jul 0 0 0 0 636,46
Aug 0 0 0 0 551,02
Sep e ‘ e Qe 0 0 60000
Total Pot Lifts 11,430,579 9,528,735  9,528735 9,528,735 10,358,59
CPUE 094 094 094 094 08
Total Revenue ($m) | $196.3 $163.6 $163.6 $163.6 $172.
Total Cost ($m) - $162.0 $1360  $1478  $117.2 $128.
Net Return (3m) $343 3286 $158 8464 549!
Net Return/pot (8) | $493 8493 $272_ 3800 $1,06¢
Net Return/pboat ($) | 551 244 o $‘31 244 “323 584 3115, 184 ) $110 86‘

The diffcrence in the seasonal pattem of ﬁshmg, r ¢ffort between the v'mc)us cases in Table 3 are
illustrated in Figure 8. Simply reducing catch (o sustainable levels by reducing pot nutmbers (case 0 » 1
does not alter the distribution but merely lowers fishing effort in each month by a propartionate amout
Moreover, it can be seen from a comparison of ¢ase 1 with case 3 (hat within the range evaluated, this
result is independent of boat numbers, If the length of the fishing season is extended, then there is som
flattening of the distribution, with proportionately less effort exnended ;mor to May, and mow

thercafter.



Figure 8: Seasonal l’attcrn of Fishing Eﬂ'ort under lnpnt Based Mamgement
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1t has been suggested that a sustainable fishery could be achieved by seiting a Total Allowable Catch
(TAQ), and closing the fishery as soon as the TAC was reached. In scenario 3, the conscq!lenﬁe# of
reducing average catch levels to © million kg. vsing this traditional approach to stock preservation of
imposmg a IACE logether wuh a vanable clc@cd season w[ulq, mmntainmg both pol and boat numbers
the short run, this scenario involves a grcatcr qus df ccommuc efhcwncy thm cither cases l or2, and
on average will result in closure of the fishery sometisne in April. Such an cutcome is clearly wastv;ﬁnl
and reduces industry net returns by about $21 million relative to the base case, In the long run, these
efficiency losses would 2!most certainly swell 26 the pcmf where catching costs at least matched gross
revenuc as fishermen invested more and mors heavily in iroats, gear, and eqmpmcm in order to catch
much of the TAC a5 possible before the season closed,

Table 4 also summarises the results for scenavioy 4, 5, 14, and 24, each of which simulates an ITQ
based inanagement system by allowing =:sithiy levels of eifort to be constrained only by available
numbers of fishing days and pats, and f0 be selected 50 a8 {o maximise industry net retums, Both pot
and boat numbers are allowed to vary fireely up to maxima equal to current levels in cases 4, 14, and
while boat numbers are constrained to equal current numbers in case 5, In cases 4 and 5, the fishing
season ends on June 30, while it is extended to September 30 in cases 6 and 7.

In the main, the findings from the results in Table & simply reinforce the pomts made above, but ther
are some important differences, By switching fo an ITQ/TAC based system while reducing catch to S
million kg., il is quite possible that aggrepate net refums might actually i increase by about $4,3 million
(relative to base case 0) so long as both pot and boat numbers (case 4) are | itted to réduce to tlw
most ctficignt level, '




Morcover, the actual gains vealised might cven be larger than this estitmate if rent dissipation due to
capital stutfing also declines in 1mportancc under an 'TI‘Q/TAC based system. Some idea of the
importance of this consideration is prcmdcd by the difference in annual net retums of $15.2 million
between cases 4 and 14, The starting point for these two cases dit¥ered only in the ¢conomic structure
implicit in the model (average pots per boat assumed was 104 for case 4, and 144 for case 14). The
latter value is probably best treated as an upper bound, but it does illustrate that under an ITQ/TAC
based system. it might be possibie 1o reduce catch to sustainable levels and increase annual net retums
by up to $19.5 million at the same time ¢ven if the scason is not éxtended,

since introduction of ITQ’s should make it casier to extend the seasor, the upper bound on increase in
annual net refurns could exceed $30 miillion. However, it needs to be stressed that the possibility of such
large gains materialising depends on very largc reductions in boat numbers (i.¢. down. to less than 300
boats). If rationalisation of boat numbers is prevented, increases in net retums will be much more
modest because of the large opportunity cost of prescrving boat numibers,

Table 4: .‘mmmary of Results for TAL/!’I Q Bascd Managcmcnt
Case 3 45 14'_‘[” T 24)

Management T TAGonly TACI!TQ‘ TTACITQ  TACHTQ  TAGCATQ|
Catch Level Sustainable  Sustainable Sustainable Suslainable Sustainable
Boat &;os Constant Variable ~ Constant  Variable * Variable|
Pot N, Constant  Variable  Variable Variable Variable
Avg. Paots/boat <=104 <=104 <=104 «=144 <=104
Seasonends |  Variable June30  Juned0  June30  Sept. 30
Catch -] 8996809 9,000,000 9,000,000 9,000,000 9,000,000
Boats ‘ 669 477 669 344 402
PotLifts) !

Nov i 1,020,278 744007 1043640 744007  627061|
Dec 2,018,782 1488013 1484522 1488013  1,254122|
Jan 1,243,343 1,289,611 0 1,289,611 1,086,906|
Feb - 1,464,628 1240011 0 1240011 1045102
Mar | 1,801,387 1,388,812 1948128 13€8812  1,170,514|
Apr | 1202288 1339212 1878552 1339212  1,128,710]
May , 0 1289611 1808976 1289611 1086906
Jun ~ 0 1,091,210 1530672 1091210 919,600}
Jui 0 0 : 0 0 752,473
Aug 0 1) , 0 0 752473
Sep L, e 9o 0 0  752473f
Total Pot Liﬂs 1 8,750,716 9470488 3684490 9870438 10,576432]
cPUE {108 091 0983 091 085

Total Revenue $m)|  $160.0 $164.4 $1690  $1644  $1738|
TotalCost($m) |  $1468 $125.7 = $1504 ey $1105 $1185
NetReturn($m) |  $132  $386 __%189 353',9';;. . $55.3
1Ne't Return/pot$) |  $190 §779 %271 %1086  $1,323
NetReturn/boat ($) |  $19,781  $81001 = $28,195 _,3153.336 3137 611 ;

s



An appreciation of the possible gam.s from cxtcndmg the fishing scason under an ITQ based system car
be gained by comparing case 4 wiih 24, In these two cases, pot and boat numbers are both allowed to
vary freely (up fo current levels), Aggregaic annual net retums arc estimated 1o increase by about $17
million due solcly to differences in the length of the fishing season. This estimate is slightly less ihan the
estirated potential gain from an extra three months fishing under an ITE/TAE based system,

The impact on the seasonal distribution of fishing cffort of aliemative scenarios under an output based
management systen; are illustrated in Figure 9, Predictably, as much effort as possible is cmployed a8
quickly as possible under the scenario of a variable closed season, 5o that the season closes in late April
As was the case for input based management systems, the impact of an extended ﬁslnng scason is the
reduce effort in the early months of the scason, and to compensate with more effort in the tail end of
the season. Case 5 which represents an TT()'s bascd management system, but constrains boat numbers
to current levels, provides the most intriguing finding, as it predicts that maximum net cconomiic rcmnu
would be generated by shutting down the fishery for the months of January and February, and then
deploying more ¢ffort in the months of March to June than were applscd in the traditional peak month
of December. ‘This finding is almost certainly sensifive (o the assumptions made about the scasonal
pattern of variation in the !zmdcd net value of the catch.

Figure 9: Seasonal Pattcrn of Flshmg Effort under Output Based Management
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Key parts of the resulis presented above are xcmangcd in Table 5 to facilitate a mmparison of mdustq
net retums from an [TE/TAE based system with those possible under a system of TTQ's, In particular,
this table highlights the pivotal role of policy lowards rationalisation of boat numbers, and the
coxrcspondmg importance of the impact of type of mz:nagemcm system on numbcr of pots per. bo:l,




Table 8: A (Z‘ompanson ol’ 'l' AE.’I’I’E‘

LOWER BOUND ESTIMATES UPPER BOUND ssmxres nawe,a BOUND ESTMATES|

ot ‘wNowmmumeoumos v Nomnimumeonmos > Constant Bost Nos,
Boat Nos 1 Vaneble Versbie | Vensble  Varsdle | Conswnt  Constent i
Pot Nos | Vadable Varisbie | Vadeble - Varisbie Varsble  Verdable
Avg Potshoal [ =10 =104 | s1E <45 | <104 <104
[Season ends | Jdune 30 Sept. 20 dune 30 Sept 30 | Junedo Sept. 30
Daysfisned | 88 20 | 88 230 f 188 230 |
s s : e ook s e
Boat Nos 558 45 | 5% 445 L ges 669
'pa Nos - 58.000 46.231 58,000 46231 | %8000 69,576
Pat Lifts (m ) i0 10 0 10 S L 10
Industry Retums ($m} - §1638 $1725 $1636 $1725 | si836 $1725
industry Costs ($m) - $1350 $1232 | sias0 $1232 | s14TE 1524
NetRetums ($my | $286 %493 | s286  s493 | s158 $204 |
vy TS R BSCMe T HVOL TRSEREE S B s
|8oat tos ar 402 B0 7| 290 669 669
Fot Nos - 49.600 41.804 49,600 41,804 | 69576 69,576
Pat Lifts (m ) {0 11 10 "o 10 12
Industry Returmys ($m) $164 4 $1738 | siead $1738 | sieso $1850
Industry Costs (S} - §1257 $1165 | s1105 $1056 $1501 $1572 |
NetRetuns(Smjy | 386  $553 | §539 9682 $188 %278
Extra Net Retums ($m) | $10t  $60 | 253  $189 | s34 S
Extra Enforcement Cests (Smy  $17 17 | s $t7 | s
|Exra Research Costssm) | 10 s10 | sto  sto 1 ®0
[NetGalnism) 574 34 | %226 2 s162 | so»

Consider first the case dcpqctcd in |he ﬁrst column of Table 5 whcm boat and pot numbers are
permitted to be rationalised, and the duration of the fishing season is unchanged, Changmg the
management system from one based on ITETAL's to one based on ITQITAC‘ § is estimated (0 increase
net returns by about $10 million (from $28,6 million for case 1 to $38.6 million for case 4), While this
gain would be partly offset by additional costs of rescarch and enforcement, which svere deemied to be
$1 million and $1.7 million respectively, the bottom ling sttt mvmves an increase in aggregate annual net
economig returns of more than $7 million,

Making the same assumptions about boat rationalisation and numbers of pots per boat, this amlys:s ,
suggests that extending the scason by three months actually reduces the wdvantages of a switch in the
basis of fishery management, If' as assumed in the second column the scason were extended to
September 30, which should be bio!ogwally viable under a system of ITQ', and bOat numbers were
again permitted to decline, then the increase in industry annual net returns from adopling rl'Q's of $6
million would be largely offsct by addumnal rcseml\ and énf‘orcv.mcnt costs, lcavmg anet gam of
perhaps $3 million,

Most of the gains from swapping from I’I’E‘s 10 ITQ’s in the above pairs of cases Jcﬂvc from the direct
and indircet benefits of a more efficient seasonal pattem of fishing cffort, The direct effects flow from
more efficient pot utitisation if seasonal effort patterns are Jevs cyclicai, and from distributing more of
the catch to the latter part of the season when prices ai ot st of fishery mansgeme:
method on the scasonal pattern of effort illusteated in Fi igure , whlch dcpicm mon 'poi !lﬁs fm* cm :
LITE’s) and case 4 (ITC ’s), '
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Figure 10: Monthly Pot Lifts under l'lE’s and ITQ's,

BN DM e < S ———
v 5
¥ ’)‘
L% +315 S o g
»
v
axonc s oo 4T

" RS-

R0 s winy

TAENT
D 4 4 '
2 SR g :
i A

OGN + .
; ;': b s ik isniob e
XA % o i e ; - et ¥
;
A . S S . o . B I S k
I3
# A Vi s " e p pofictopia- s
N D B fup i A ey &7

An indirect consequence of less month to month fluctuations in pot lifts and consequential hefter pot
atilisation is that the same total catch can be caught with fewer boats, It can be geen from the first two
«.ohxmna of ’I‘a‘b‘lc ‘< thm bcmi numbc:m und’cr I’T’Q‘a are markédi"y lqwer, at 44'7 fbr the “short” seasm,
anomng hmt nnmbcm 1o ratmnalxw can be seen hy comp'«mng fmdmgs for caac& in nn. firsttwo
columns of Table 5 with the respective cases dc.mtcd in the last two columns where boat nembers are
hetd constant al 669 boats, which was the level in 1994, For a fishing season finishing on Junc 30, the
gains n net retumns from moving to ITQ's is only $3 million, which is almost entirely oifset by greater
rescarch and compliance costs. For the *longer” fishing season cases, holding boat numbers constant
under I'TE's imposes extra costs under both systems, but under ITQ’s it also provides greatcr
apportunity to offsct these higher costs with extra revenue from caiching mose product late in the
seasen when prices arc higher, so paradoxically net gains in the last column are actually largcr man in
the second column,

There is little doubt that the estimates of potential gain from adopting ITQ's in the first two columns ¢
Table 5 are conservative, because they make no allowance for fishermen finding more efficient ways
combma hoats and pms uf they Wew ot ccmstramcd b} “ahcry rcgulatmns, As mted above, an

pmsiboat on averagu t
biological sustainability if atch is limnicd t0 safc Icvels hy the
boats has been increasing steadily in recent ycars, and the cun
would almost ccrtamlv be }ug,hcr in a deregulated ITC's managed fishery. As total catch levels are
reduced, the cconomic incentives (o increase number of pots/boat is :ii’!cel‘y to intensify Just how large
the difference in number of pots per boat would be under the alternative management systems has 1o
a matter for conjecture because of & lacl. of hard empuical cwdﬂicc on whnch to bm a rcalmhc
assumption, ‘ i , ;

father fey

’ bmd systcm, whnch wau!d not thrcalm
above, the ratio of pits:

ely 104 pota/boa




The third and fovzth columns in Table 5 are based on an assumpiion (hat the current uldustty aversge ¢
104 pots per boat will continue under any ITE/TAE system. but over time would rise to 144 pots per
boat under an TTQ/TAC based system , Ifthe introduction of ITQ’s increases average numbers of pots
per boat by this degree, then depending on fength of season, the net cﬂlcnenay gains of swstchmg
systems are estimated to lie between $16 and $22 million, Thesc estimates of potential net gains may
overestimate the gains actually realisable by switching sysiems if the above assmption exaggerates the
efficiency gains from better input sombinations and/or more effectivo fishing gear likely to be fostered
under an lTQ based management system, Hence these columns are best regarded as providing upper
bound estitnates of potential efliciency gains for the current, and an extended season respectively.

To sum up, there is a very strong inferaction between policy on boat numbers and changes in industry
net returns resulting from changes in other aspects of management in the Western Rock Lobster
Fishery, anid one of the most siriking features of the results is the sensitivity of the estimated increase in
industry net retwns to policies indirectly contmlbng minimum boat numbers by regulating nuimber of
pots per boat.

CONCLUSIONS

There are several conclugions to be drawn from the analysis reported above, Some relate to changing
one or other aspeet of the method of maiaging the Western Rock Lobster fishery, so not alt of the
estimated benelits arc independent and additive. Specific conclusions are: '

e up to $22 million of pmenlnl resoutee rents are being dissipated under the license limitation

system of management, Even without a longer fishing scason, and without “better” designed pois
to enhance catching power, some or all of this potential rent might be realised if an ITQ/TAC
based system of management were adopted.
June 30 is most unlikely to increase realised resource rents even if fationalisation of boat numben
is allowed 1o proceed unimpeded by policy repulations.

e if boat numbers are held at curreiit levels by policy measures under an ITE/TAE based
management system, meastires adopted to reduce catch levels to sustainable levels will almost
certainly result in large loses in industry annual net returns. With the current fishing scason, thes
losses could up fo $20 million (409), and of the order of $14 million (28%) if the season is
extended.

o there are potentially large economic gains in terms of industry net retums (o be gained from
allowing market forces to reduce the number of boats operating in the industry to economically
efficient levels, For a fishing season of the current duration, it has been entimated to be of the
order of $13 million (26%) of current income collectively being eamed in the mdustry. This
amount could be as large as $30 million (60%) for an extended season lasting until September 3(
However, it needs to be siressed that the possibility of such large gains materialising depends on
very large reductions in boat numbers (i.e. down 10 less than 300 boais). :

» there are potentially large economic gains in ferms of industry nei returmns to be gained from
extending the duration of the fishing season, Estimates range from $16 million to $21 million so
long as boat numbers are permitted to fall fo economically eﬂicwni levels, but otherwise will be
comparatively small,

o there may be potentially large economic gains to be gained from s.hanging thie system of managin
the Western Rock Lobster fishery from one based on ITE'$/TAE to one based on ITQ'¢'TAC,
Depending on length of season, powntial gains in industry net returns of switching systems cquld
range from negligible to $22 million (44%) for a June 30 clusure, and from 32 mnllion (4%) to
$16 nullion (32%) ior a September 30 closure,
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APPENDIX 1: Data Sources for the Programming Model
ABS (or thtw utuml) (1964-»1992)
ch (Kq.): by Month and by Zone
wgg_gggg;g_ﬁlffoﬁ (pot lifts): by Month and by Zone
yate Licensed pots (nos.); by Year and by Zone
Pxomnm:le Filhing Cooparative (1992/93 fishing season):
(individual boat data t”or an nnonymow samplé ot 59 boats tor the)
No. pot Mcenses: for
Catch (Kg ) by Month, ane. and by Size Grade '

Dopwtmer\t of Fishm Ratuml (1991/9"’ & 1992/93 tishing uuonu)
(individual boat data for the same anonymous sample of 59 boats ahove
- matched using double blind cnding procedurg to preserve anonymity of boat licensces)
Na, day;s fished: by Mﬁnm and by Zone
Crow Nos,: by Month ‘

Location (block) fished: by Month

Landing port: by Month
Mots U§g&; by Month

Noi d _,_x__ ;gheg; by Month
1§ ce travelled to fishing ground: by Month
Kg.): by Month |
Nmpital Valug‘ (by type of asset)
All expenses: (by month and by type of expense) ,
Economic study of 8,A. Rock Lobster industry - Edwards & Praseer
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