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- which is 'required to\obtain the optimal level of sustainable

ABSTRACT

The pﬁce of British Columbia abalone increased dramatically in 1976 as bre;su!t] of a
surge in Japanese demand.v Sinee then, the British Columbia abalone ﬁshery hés ) uﬁdeigbﬁe ’aQ L
number of regulatory changes in an attempt to improve the efficiency of harvesung the
resource Although current rationalization techmques have met with some SUW potenUal 3 ﬂ:‘:.a
for improvement remains, This analysis estimates the opumal leyel of explonauon by first
deriving the yield—effort curve for- the fishery, and then e‘valua‘ting“ the long—fun reve;iues -
associated with that curve. The results indicate that the>~application of effort exceeds . that S

: th from the ﬂsheryA crmque E

of past and current management regimes is provided. S L

A review of the property ,_rigth‘ and contracting literature suggests that a. system df S

private property rights is liable to effect a more efficient allocation of resources than one in -

which individual private property' iS non-existent or""ill—d‘eﬁned; A number of property-right
structures are considered. After reviewing the potential costs and benefits associated Lwithk‘ each
conlxactualﬁ arrangement,% the analysis cencludes that 4 leasing arran_gement in which rights are

transferable Tepresents ?ar pqtenu'ally‘ superior alternative to the present system of individual

quota management

iii
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PART A

INTRODUCTION




" This thesis represents a case study 'ofv -economic _fisheries management in the British'

o

Columbia abalone flshery The conclusions reached are applicable to many fisheries composed

of long—llved sedentary shellﬁsh

Part B of the study reviews Vabalone biology. A historical ‘'summary of ‘commercial' '
exploitation in the British Columbia abalone ﬁshery is prdvided in Part C, Part D includes»la
derivation of the long-run yleld—effort relanonshlp for the ﬁshery as well as the assocrated
/long—run revenue and cost curves. Based on these derivations, an\ esnrrr\atmn of maxrmumA
 sustainable’ yleld and maximum net economic yield is provided. Part E of the thesrs attempts
‘ to explain the failure of the open—access and limited entry‘ regimes that have been aj)plied
to _this - fishery. A critique of the present’ system of management by the allocation of
individual euotas is alse offered. As an alternative, the allocation of private ownershjp_ rights
'-to abaJone beds is recommepded as a superior solution. Given the probability of political

unacceptabrhty of such a policy, the leasmg of abalone beds is offered as a compromise

solution.

The central point of this thesis is that’ a contractual arrangement that allows N)for the = — .
allocation of private property rights is preferable» to an arrangement that permits- common - 4
property structures to persist The fugitive nature of many species', of fish often renders
private ownership undesirable or 'irlfeasible. \However, the sedentary nature of abalone and
mahy other shellfish is amenable to private property arrangements, The potentié.i\ exists for ‘
substantal improvements in the indusrrial perforrnance of fisheries of this type by

_ , v
implementation of a private property right structure.
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THE BIOLOGY OF ABALONE
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Abalone is a genus ol' sedentary shellﬁehv that lives in fa“irly' shallow waterL
slowly and is relauvely immobile (Mottet, 1978: 10) F1gure 1 1llustrates the gross anato:ny of
the abalone. The foot and right shell muscle are the parts that are used in makmg abalone
steaks and constitute approximately one-quarter to one—halfr“of total weight. The foot is used
for creeplng along the ocean’s bottom and is also the means by which abalone attach
themselves to substrate (Mottee 1978' 2). Since all eon%mercial species of el)alone belong to
. the same genus and have sumlar biology, the charactensucs of a parncular specnes are " likely

to be found m other spec1es as well (Mottet, 1978 .-

‘The British Colufhbia abalone '» ﬁsl]ery is eonducied exclusiyely on the species Haliotis
kamtschatkana, more  commonly known as the "pint.o"; or "northemn” albalone. This species
ranges from Siftka, Alaska to as far south as' San Diego, California (Mottet, 1978: 10). The
greatest concentrations of large—si;ed abalone in British Columbia are found from zero tide to

a depth of five meters (Federenko and Sprout, 1982; 4).

Adec;uate balone habitat requires a firm, stable substrate and some protection from
direct oceanic Surge. Some water movement also appears to be - essential (Breen, 1980: 26).
The presence \of red sea urchins may be an important positive factor in abelone settlement.
Newly hatched Narvae spend seven to ten dayé drifting in plankton, after which time ﬂley
"will be attracted to sultable substrate by a chenncal produced by encrustmg red algae. Such
algae grows where heavy grazing, parneula.rly by sea urchins, prevents other algae from
growing (Breen, 1980: 26). As abalone‘il mature, a shift in diet from diatoms to kelp

fragments necessitates an upward movement from the sea urchin zone 1o ‘the _ kelp zone

(Breen, 1980: 27). } .
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Figure 1. Gross amytomy. A, B, and C are drawn from a specimen of Haliotis
kamtschatkana; D and £ are H. tuberculata from Crofts, 1929.




rowth and Size . .

B

Abaloue take a minimum of four years o 'reach a length “of ten centimeters. “The pmto

abalone requires eight years to grow to a length of 10.5 _centimeters (Mottet, 1978 17).

Studies have revealed that the growth  Tate and the ﬁnal srze of adults are strongly relatedf o

to habitat characteristics, particularly the type of kelp preseut (Breen, 1980. 28). Nounshment
is generally obtained by elevating the shell and the anterior part of the foot, and extending
the tentacles in order to catch drifting kelp. or algae ‘The captured seaweed is subsequently
pulled under rhe shell by the foot where it may ‘be consumed immediately or. stored ,for,
future consumption. If | this method provides insufficient food 'intake,' “abalone. will rgraze or

forage. on other vegetation during the night

Breen (1980) found that growth rates of abalone in northern British Columbia van_'ed |
greatly and appeared to be directly related to food suoply. Mottet (1978: 19), however,
indicates that the growth rate of most abalone species correlates most strongly with water
Lemperamre Quayle (1971) supports thls hypothesis and attributes the near 1dentml growth
~ rates  in northern and southern British Columbia to similar water temperatures. Figure 2 _V

depicts a suggested growth curve for the species #. kamtschatkand.

. The amount of meat in abalone with givén shell dimensions will vary depending on
seaéonal and environmental circumstances. A measurement of this kv‘ariability is referred to as
"condition". Populations normally undergo marked seasonal changes in condition caused by;
changes in the food supply,‘ temperature or spavrm'ng cycle (Mottet, 1978: (21-22). In .
companson wrth other West Coast | species,” it ha:s_ a - markedly lower recovery weight in |
vpropomon ‘to shell measurements; thus, H. kamtschatkana is only moderately valued (Mortet,

1978 10).




Figure 2: Growth Curve for Abalone’
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Abalone are "broadcast spawners": sex products are directly released into the seawater
where fertilization takes place. Abalone have been observed climbing on top of one another
during spawning. This aggregation may function as a mechanism for ensuring maximum

contact between eggs and sperm, and hence a high fertilization rate (Breen and Adkins, 1980:

178).

Mort;t) (1978': 35) reported handling and exposure to warm air as natura_l spawning

stimuli. The presénce‘ of sex products in the water is also reported as a natural trigger for

! Quayle, 1971 .



spawning, as are changes in tidal temperature thythms (Carlisle, 194S; Breen and- Adhns,

1980: 178). The presence of a strong adaptive role among abalone, in regard to spawmng,
suggests that sevéfe\reductions in 1Qm1 density might have a strong, adverse effect. on the
recruitment rate, beyond that expected from a sirnple reduction in the number of spawning

adults.

The fecundlty of abalone increases with age; egg production ranges from 1,000 at
~ biological minimum size to 3 million per female in later years (Mottet, 1978: 30; Federenko
| and Sprout, 1982: 4). In British Columbla, mgmﬁmnt spawmng does not occur until about
age three, or at a length of appronmately five centimeters: (Federenko and Sprout. 1982: 4;

Breen, 1980: 27).

The spawning season of each species must éoindde with that interval of time during
-which enlrironmental condjtions permjt adequate survival of the young.. The spawning- season is
of direct interest in regulatmg the fishery, partmulaxly 1f the value of the abalone is affected
»or it is. more vulnerable to damage during that time. Spawning may, m fact, involve a
reducuon in body welght of five to ten percent owing to the loss of large quantities of
gonadal material (Mottet, 1978 27) ‘It has" also been observed that, during spawning, abalone
are more weakly attached to .the substrate than at other times of the year (Breen and
Adkins,v1980: 177). For H. kamtschat_kana, the spawning season typically occurs from .Apri.l to
June in the northemn areas,‘,and front June to August in southem llocatjons (Mottet, 1978:

30-32).

Density_and Abundance

Abalone dehsity is directly related to abundance of drift algae and vegetation (Mottet,
1978: 22). Individuals tend to be clumped rather than randomly distributed (Federenko and

Sﬂ%(ll_lt, 1982: 4). Abalone abundance, however, is not determined by food supply. Rather, it



‘ N -
is likely a function of the availability of planktonic larvae and suitable settling substrate, as
well as the .degree to whichJ predators | of -settlers .are present (Breen, 1980: 28). It seems
clear that some habitats,. espemal}y those consisting of giant kelp (Macrocystis mtegnfoha) beds

could support many more abalone t.ha.n they do at present - (Breen, 1980: 28).

Morality

Abalone are somewhat vulnerable to:predati‘on, when in an extended position to ‘catch
seaweed and during spawning, as Eey can be jarred quite easily from the substrate. They =
are, however, even more vulnerable to predation when foraging (Mottet, 1978: 47).

- Considerable movement may also take place during and aft:éi:‘ storms and when young abalone
migrate from one habitat to another as they 'grow. New\iy settled juveniles are subject to
heavy predation since their nutritional requirements are such that they must place themselves
on the open rock surface. However, as they grow larger, the juveniles are able to catch
small pieces of drifting kelp from underneath rocks or in crevices. As the abalone continues‘
10 mature, it must again venture out on the open rock as its f;ood requirements are greaper. .
It has by this time, however, outgrown many predators (Breen, 1980: 27). The major

\ Predators of adult abalone include octopi and sunflower starfish. Additionally, sea ”u’rrchins‘
often invade abalone habitat (Federenko and Sprout, 1982: 7-8). The boring sponge\ is,
though} to contribute to predation by weakening the shells of old abalone, although it is
unlikely that this signiﬁcaﬂtly affects mortality. - Shepherd et al. (1982) condooied a study on
two species of South Ausud?an abalone, H. laevigaia and H. ruber, and concluded that. there
w;s no significant age dependence in mohality. Breen (1980) estimatec)l' that the annual’ finite

natural mortality rate in British ColumMa is approximately twenty-oﬁeoperéent, while the total

annual mortality rate of fished popuiations is forty percent.
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PART C

) COMMERCIAL EXPLOITATION OF ABALONE IN BRITISH COLUMBIA

J
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Abalone that exist in the intertidal zone can be collected by hand at low tide. Shore
picking is practiced on a hmxted scale by native Indiﬁns (Federenko and Sprout, 1982: 9). At
water deptt;s up to about five meters it is possible, using a long bole-with a chxsel or gaff
tied to theb end, to catch abalone from a small boat. ﬁmnﬂy, however, almost all of the
world catch is takeﬁ «by divers who remove the abalone from the substrate with a curved

bar or chisel (Mottet, 1978: 51).

Human predation contributes significantly to abalone mortality. Often, the commercial
worth of the abalone, in terms of size, cannot be determined until it is removed from the
substrate. Mortality caused by inflicting wounds on undersized abalone during this process is a

serious - problem (Mottet, 1978: 50).

Table 1 provides data on abalone landings in British Cblumbia from 1952 to 1985.
~ Prior to 1976, landings were comparatively low and highly variable from year to year. in the
mid-1970s, Japanese demand for abalone soared and the British Columbia ﬁsheryA responded
with rapid expansion in both scale and efficiency (Federenko and Sprout, 1982: 1). Figures
3a through 4a illustrate the variation in abalone landings for British Columbia as a whole
and for northe:rr{ and soutixém British Columbia separately. In Figure 4b, the variation m
abalone landings has been depicted for the Queen Charlotte Islands (Statistical Areaé 1, 2w
and 2E), which ‘are a major producing region within northern British Columbia. Figures 5a
through 6b illustrate the variation in catch for each statistical area on the north coast from
whicl; significant contributions to landings have been made. Figures 7a and 7b illustrate the
contributions- to catch by the major southern statistical areas. The locations of the statistical

areas are shown in Figures 8a and 8b.

The graphs indicate a peak in landings for the northern areas occurring in 1977 or
1978. Record landings for the south coast vary between statistical areas but generally occur

“prior to 1977.

11
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The surge in &panese demand provrded an incentive to invest in larger boats equrpped '

wrth freezrng and compressmg“ systems whrch were cnpable of makmg prolonged tnps and to

o s employ addmona} divers (Federenko and Sprout, 1982: 1)\ This explains the substantial shift

in abalone _landings from southern British Columbia . to the more ‘temote areas of the mnorth.
Larger operators now found it profitable to exploit the abalone beds of the Queen Chartlotte
Islands and ship their catch out of Prince Rupert to Japan (Federenko and Sprout 1982: '1).
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PART D

A REVIEW OF FISHERY REGULATION
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Federenko and Sprout (1982: 19-24) proyxde a detaﬂed summary of - theﬁ regula&ons/%f';

1mposed in the . British Columbxa abalone fishery up ‘1o 1981. Few ﬁshmg regulations exxsted
u;"rpnor to 1976 owing to Lhe undeveloped nature of the abalone ﬁshery at that time. The
seasonwas open year round except for a closure every third year dﬁring 1911 - 1947.

Additionally',:”m’ order to protect juvenile stocks, a legal size limit of 64 mm in shell length

was in _ place. A few area closures had also been implemented in the early 1970s. The main .

rationale behind these early closures was the preservation of traditional native food fishing

©

areas and important recreational sites. The tremendous increase Qf -pressure placed” on the

abalone stocks in the mid-1970s caused concern among commercial and sport fishermen, and

Indian bands. This, along with the threat of severe overfishing, prompted the Department of _

Fisheries 'and Oceans in British Columbia to close the fishery in Novembe;’ of 1976 and io _

implement major regulations for the 1977 season.

The most significant alteration in the management of the abalone fishery in 1977 was

the imposition of a regime of limited entry. Licenses were issued only to persons Who
operated vessels which landed in excess of $2,000 worth of /abélone in 1976 or earlier, and
made more than fifty percent of their fishing income from abalone. This resulted in the
licensing of twenty-nine individuals, each of whom payed a $200 license fee. Licenses were
nontransferable and the permit-holders were required to place their licenses upon vessels in
which they had to own majority interest. Holders were also 1imited 10 a maximum of three
divers per license. License renewal required a 2.3 metric tonné mjm'xﬁum landing. It was
hoped that, by limiting the number of individuals‘ participating in the abalone fishery,
harvesting pressure on the stocks would be reduced, thereby eliminating J,Rthreat of severe

stock depletion.

. In addition to limiting entry, the government also shortened the fishing season to eight
months, April 1 to November 27. The legal size limit was increased to 100 mm. This

increased the age of harvestable abalone  from about six years to between seven and twelve

23
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years. Supplementary closures were also introduced -along the northcoast,again_twpmmt
recreational and Indian food fisheries. . | B

Despite the controls introduced in 1977, abalone landings continued to increase, as is
evident from Ta'ble 1. The extent of the annual th was believed to be éxcessive in
relation "to that which would allow the fishery to reﬁﬂn productive on a perpetual basis.
Owing to the threat of severe stock depletion, the season was reduced to three months
(March 1 - May 31) in 1978. Additional area closures were also implemented. However,
owing to an increase in the efficiency pf the fleet, these measures failed -to limit ef‘fort to |

acceptable -levels.

In 1979, a total allowable catch (TAC) of 227 tonnes (ie., metric mhg) was imposed.
This figure was based on the belief that the ﬂsher}; coulda sustain an annual harvest of an
estimated 113 tonnes, and on the assumption that some unfished stocks with large-sized
indiyiduals still -remained. The’ ﬂsha;y was divided into two seasons: a short open ﬂsh;ery
(April 15 - May 3), and a longerq quota fishery (May 8 - November 30) during which the
remaining allowable catch was divided equally among the twenty-six license holders. In this
way, the larger vessels were able to utilize their relatively greater capacity during the open
fishery, and the smaller vessels were guaranteed a minimum fevcl of catch during the quota
fishery. This avoided,A to some extent, a waste of capacity for larger vessels and reduced the»

incentive for smaller vessels to engage in a competitive "race for fish". In addition, the

minimum landing requirement was revoked in 1979.

Owing to the persistence of excessive landings, }he\,sho'rt open season was eliminated
(or the 1980 fishery. Subsequent to more precise biolog\i‘cé{" findings, the allowable catch was
reduced to 113 tonnes. This allowed each license holder a maximum of 4.5 tonnes which
could be taken during‘ the period® of April 15 to November 30. Thus, the uniform quotas
introduced in 1980 did not allow the owners of large vessels the option of fully utilizing

their capacity.
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prev:ously suspectecL In 1981 the allowable mtch was decreased to 90.7 tonnes thereby

assigning - each hcense holder a quota of 3.6 tonnes. The fishing season was extended by one
month. A wider dxstnbuuon of fishing effort was attempted by the reopemng of areas

previously closed to the harvesting of abalone stocks (Sprout, 1983: 1). -

The total fishery quota was again reduced in 1983 to 70.8 tonnes so that individual
quotas amounted to 2.7 tonnes. The. season, however, was extended to cover eleven months
of ‘the year, January 15 to December 15 (Bates, 1985: 1). The 1984 season also saw a

reduction in the quota to sixty tonnes or 2.3 tonnes per licensee (Farlinger and Bates, 1985:

14). - - -

The rcpeatejd reductions in the size of the individual quotas were a rtesponse to the
belief that caich levels remained excessive for adequate stock—conservation. It is important to
note that although inaccurate estimates of growth and mortality rates may have been partially
responsiblé for necessitating teductions in the size of the quota, an additional factor may
have contributed to this necessity. The incentive to take catches in excess of the levei

allowed by the quota is by no means eliminated through the mere imposition of an

individual quota system. Actions of fishermen must -be monitored, and the quotas must be

enforced if the desired catch level is to be realized. It is possible, an,d indeed probable, that
some of the participants engaged in "quota busting” (Copes, 1986). The data presérttéd in

Table 1 are reported catches and, owing to the possibility of quota busting, may not be

representative of actual catch levels after 1979. This problem, and others associated with an -

individual quota system, will be discussed in a later section of the thesis.

The deterioration of British Columbia’s abalone stocks is appart:nt from the continuous
decline in the total allowable harvest from 1979 onward. The goal of fisheries management is

to attain a level of catch and effort that permits maximum éc‘()homic returns to the fishery.

‘In most circymstances, a requisite to obtaining maximum . benefits is that of adequate stock

- S T

Commued biologiml reseatch once agam mdtmted lower . growth -and morta;litsL -rates thanp————



conservauon. The remamder of tlus thws ooncems 1tselrwnﬁ tlie lderTﬁmuon of the optimal

level of cmch and effort ‘and an evaluauon of prevmus and potenual ‘methods tl;a; all;m its

achxevement.
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PART E
"ECONOMICS OF THE ABALONE FISHERY
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The way in which ﬁsh stocks react to explontauon provxdes the basis from which
' fisheries management decisions are made It is unportant to determine, in any given instance,
whether fishing operations are or are not being undertaken in a manner ultinfately wasteful
o the siock This is a difficult task owing to the complexity and variability of the
oondmons which. must be taken mto aocount. Russell (1931: 5-7) simplified the problem by
considering ‘a oornpletely self~contamed stock of fish of one pamcular kind llvmg in a laxge .
area whxchv is systematically fished. He also assumed the employment of perfectly selective
gear such that no fish below a particular g'ength or size entered the catchable population.
Russell maintained that the xyeight of the catchable stock at the end of the year (P,) could"

be deduced from the weight at the beginning of the year-(P;) as follows:

P, = P, + (A+G) - (C+M)
or, '
P, - P, = (A¥G) - (C*M)
where,
A = the amount by which the stock of fish of cawchable size 4§ increased in‘
weight by recruitment’ of new individuals during the year;

G

. v
the increase in weight of the stock by growth during the year; -

C

fishing mortality;’
M = the loss in weight of the stock by natural deaths during the year.

It can be observed that there will be a net increase in stock size during the year whenever

additions to the stock through growth and recruitment exceed reductions in the stock through

* The term “recruitment” refers to the» biomass weight of fish entering the catchable
population during a given time period (Anderson, 1977: 23). B

* Fishing mortality largely consists of the weight of the annual catch. However, it will also
include such factors as mortality of undersized abalone that are discarded and loss of abalone
occurring through the destruction of habitat during the collection process.
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fishing and natural mortality. Specifically, . e

. P, > P, when (A+G) > (C+M)

P,

A

P, when (A+G) < (C*M)

P, = P, when (A+G) = (C+M)

Schaefer (1954) assumed that the growff of the fish stock is a function of its size in

weight. The Schaefer movdel considers cthe fish population as a whole and concentrates on
explaining variations in biomass, without regard to stock structure. The simplicity of the
model and. its underlying concepts is, however, appealing. Schaefer modified Russell’s model
by identifying the natural rate of increase of the stock, f{P), as the sum of additions to the
stock by recruitment and growth, less subtractions by natural mortality. That is,

fP) = A + G- M

where P = the size of the stock of ﬁshgof " catchable size.

The Schaefg:r analysis also assumes that the net increase in biomass 6f a fishery as a
function of population, f(P), taking récru_itment, growth, and natural mortality ‘into
" consideration, can be represented by the following relationship:

| f(P) = aP - bP?,
where a and b are constant parameters. This relationship can be depicted as a wparabolic

curve, as shown in Figure 9.

Suppose, initially, that a small fish population is inttoduced to an area of the sea
where there was previousiy no fish. It appears réésomble fo assume that, to begin with,
population growth will init;ally be proportional to the population; that is,

| RP) = aP,.

where a is the intrinsic growth rate, and represents the fastest growth rate ever attained by

the fish stock (Cunningham et al, 1985: 28).
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Since a given .area of the sea is limited in size, there muét be some maximum size of
the fish population, P* that can be supported. As the fish population size approaches this
maximum, crowding will increasingly become a problem, and the growth rate of the
.population may be expected to decline, aocording to the degree of crowding. At population
levels between O and P),, individual growth and recruitment together are high relative to
1 natural mortality; thus the growth rate ;s increasing. At population levels beyond Py natural
mortality has increaséd 10 >th’le’ extent that the growth rate of the population begins to
decline. This is because a larger number of individuals an:: now compe:ting for the sime
amount of limited space and food. The point, P*, represent# natural equilibrium, where

recruitment and individual growth are just balanced by natural mortality, and the growth rate
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of the stock is zeto. In the absence of fishing, the stock will always tend toward this‘

natural equilibriumm population level.

Now consider the effects of an introduction of ﬁsﬁing on a stock which is at its
natural equilibrium size. With the removal of part of the stock by fishing, Ait is reduced to
a lower aBundance. However, at the lower population level, the rate of stock replacement is
larger, so that the removals from fishing are fat least partially offset by the ability of fish at/
lower levéls, of abundance to reproduce, survive and grow better (Schaefer, 1954: 54). With a
steédy-state ievel of fishing effort, a new population equilibrium \Evill be achieved af that‘
population level where the net increase in weight from‘ natural factors just equals the net
decrease due to fishing mortality. A different equilibrium population will result at each
long-run level of effort The catch which can, on average, be obtained at a given level of
population, without resulting in any net change in population size, may be termed the
equilibrium ‘catch, because it is.the’ catch wt;ich is in eqin’libriurn with the productivity of the
population at any given level (Schaefer, -1954: 54). The catch corresponding to this
equilibrium i§ sustainable because the yield each period is replaced by natural increase

(Anderson, 1977. 25).

As the fishery. becomes increasingly intense and continues to remove éach yeaIV a catch
in excess of the, equilibﬁum catch the population’ falls continuously. The natural rate of
increase and the conesPonding sustainable yield, however, rise for a time as the “»population
falls. There is everitually reached a, population level ‘at which sustainable vield 'is a maximum.
Further }ncrease in fishing ' intensity dfivesmhe population down te levels where the natural

raie of increase, and thus sustainable vield, begin to decline; that is, equilibrium catch is- less

than maximal.

L

The above relationship between " fishing effort and sustainable yield, as hypothesized by
Schaefer, is depicted in Figure 10. The éustainable vield curve is the locus of points

reprgse'nting sustainable yield catches for each level of .effort (Anderson, 1977: 26). It is
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Figure 10: Sustainable Yield Curve ~

CATCH

O EFFORT .

4

important 1o recognize the relationship between Figure 9 and Figure 10. At natural
equilibrium (P* in Figure 9), there is no effort . being .applied to the stock (0 in‘sff-‘igure 10).
At the zero population level (0 in Figure 9), effort has been applied to the extent that the

-

resource has been fully; 'depleted (EM in 'Fi‘gure -10). Thus, under simplifying assumptions,

-

Figure 10 is a m.irror image of Figure 9.

It is important to rote that the relationéhip "debicted in Figure 10 is a long run
relationship. That is, a point on the yield curve is representative of the ‘catch that can be

obtained on a consistent basis after ﬂ)e stock has adjusted to the corresponding level of

-3 Specifically, it must be assumed that catch per unit of effort )s a linear function of
effort See Cunningham et al. (1985: 29-36). .



L .
fishing effort applied on a sustained basis (Copes, 1978: 25). Thus, the level of catch
associated with a particular amount of eﬁ'prt in a given period is not necéssarily a point oﬁ '
the sustainable yield curve. Copes (1978: 26-27) offers a simple technique for “fitting" a
sustainable yield curve to actual catch and effort data. This is ~accomplished by visual
inspection and by taking into account the relationship between short run harvest rates and
the long run yield'v curve. During periolds in which éf‘fort is increasing, short run catches will
likely exceed long run yields since the stock will not have. had ﬁ‘me to_adjust to the higher
effort levels. That is, that propertion of the ‘catch in ;xcess of the ‘é/u;tainable yield
represeﬁts depletion of the biomass, and will not be replaced by growth. Figure 11 depicts
this short—run-—long—fun relationship. When effort is expanded from 0 to ’Q, the fishery is
expected to follow a course such as that depicted by loop % The sustainable qatch for 0Q
units of effort is the amount. given by PQ. Loop m Tepresents an increase in effort. f£om
OR-to 0X, followed by a reduction of effort from 0X to OT. The shapes of the short-run
loof)s depend, of course, on the relationship between effort and short-run catch. It is
reasonable to expect that an increase in effort will initially result in a proportional increase
in catch. Thus, the péth of lbop k, for example, is hﬁﬁally represented by a straight line
from the‘ origin. Note, however, that as the fish population adjusts to the higher level of

fishing effort, the short-run path approaches a point of sustainability on the long-run yield

curve.

During periods of effort reduction, ’short run' caiches  will 1tend to fall below the long
run vield curve. When effort is reduced from the level associated with point U on the yield
curve to- the level OW, short-run cawches will follow the path depicted by loop n in Figure
~ 11. The reduced effort is being applied to a relatvely small stock occurring at the previous‘ly
high level of effort. Stocks vs;ill taiceiime to recover from the previously high levels of
fishing pressure. However, the declining ’effort will permit stocks to recovér énd eventually
allow higher catches to be obtained. Thus, the reduction in effort will initially caus yields

to decline proportionately, after which .the short-run path approaches the ldng—run equilibrium
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Figure 11: Relationship Between Short B

Run and Long Run Yields
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associated with the new lower level of effort. -

It is expected that the growth curve for abalone is very shallow relative to that for
many other fish stocks. This reflects Lhé fact that it is a slow-growing, long-lived species. If
a small number of abalone are introduced to a given area, the initial rate oyf» natural
iﬁcrease will be very slow. This is because - recruitment wi'll,rbe low, as it is in any small
fish popl;laﬁon, owing to the small number of mature individuals, but mainly ,b'eicause'f"
individval abalone grow .very slm.vly. Thus, the maximum‘growth rate will‘ be approachéd vefy
gradually. Sincevabalone are a long-lived species, the rate of natural mortality isr relatively

low; thus the growth rate will begin to decline very gradua]lyn after the maximum growth
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rate has been a{t»tainech Correspondingly, the long-run sustainable yield curve for ‘abNOne
should also be shallow. That is, only a small number of abalone, relative to total” population

size, can be taken per period if the ‘ar'nount taken is to be replaced by natural growth.

Table 2 summarizes the abalone catch and effort statistics for British Columbié and its

major producing regions. The unit of effort chosen is that of an "abalone-day", where every

day a vessel participates in the fishery is counted as . one unit of effort. It is recognized that
ﬂﬁs upit of effort is inaccurate for a number of reasons. It ‘a’ppliels equal weight to all days
when, sin fact, the proportion of the day actually §pent diving for abalone varie@ Addﬁo@ly,
it does not' discriminate between boats utilizing different numbers of divers. Thus, an
abalone-day can refer to both the effort- produced by a boat fishing for two hours with one

diver and a boat fishing for eight hours with three divers.

A preférable measure of fishing effort is that of a "diver-hour”, where each hour
dived counts as one unit of effort. Unfortunately, diver-hours have only been recorded since
1979,"7aphus providing only seven observations of effort and corresponding short-run catch. In
;‘;rferal, s:1ch a limited number of observations does not provide enough information from
which to g‘construct a sustainable yield curve. Another potential measure of effort is that of a
l"d;ver—day". This information is available from 1977 onward, and therefore provides only nine
observétions of catch and effort. -Thus, with the exception‘ of the Queen Charlotte Islands,
Table 2 records effort in terms éf abalone—days. This information was not available for most

. /.
years in which catch was taken from, the Queen Charlotte Islands; the diver-hour was chosen

as the alfernative unit of effoﬁ'}or this region. Abalone—déys were not recorded in 1971 or
1979 and are not yet available for 1985. The dffa for 1979 and 1985 have been estimated
from data- availaﬁle bn diver-days for those ~years.’ Speciﬁcmlly,f the percentage change in the
number of diver-days from 1978 tw0 1979 “and from 1984 to 1985, was used to estimate the

number of abalone- days in 1979 and "1985. Despite the aforementioned inaccuracies involved

. Department of Fisheries;. and Oceans, Prince Rupert, B.C., unpublished data; and Farlinger
and Bates; - 1985.
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with the use of the abalone-day as a measure of ﬁshmgéﬁ‘ort, 1tmn be consxdexecLarL, o

unbiased estimator of actual effort. That is, there is no reason to believe that ‘it consistently

underestimates or overestimates true fishing effort.

A problem that all of the aforementioned units of effort fail to overcome is that of
aommﬁng for differences 'in skill among abalone fishermen. Additioniﬁy, the effort data
recorded in Table 2 fail to account for the fact that fishermen become more productive as

skills are acquired over time. The following section attempts to compensate for this

shortcoming.
Effective Effort \

It is desirable to adjust the levels_ of effort so as to account for variations in the
average skill of divers over time. It is probable that the large exp;nsion of effort on the
north. coastléafter 1975 was largely generated by unskilled abalone fishermen. Additionally,
previously unéxplored areas in northern British Columbia became major producing areas afier
1975. The likely consequence oOf a rteduction in - the average skill of divers and an
unfamiliarity with new abalone beds is that of a significant reduction in the average
productivity of effort. It has become standard practice in cost-accounting procedures to allow
for the effects of learning in estimations of production costs (Homéren, 1977:206). As
expérience is gained, productivity increases. In general, as production skills are acquired for
any process, and other variables are held constant, average productivity is expected to increase
at a diminishing rate and eventually reach a steady-state maximum. As experience is gained,
productivity initially increases, but there is, of course, a level of experience at which the

productivity reaches a maximum. Figure 12 illustrates a "learning curve”® which depicts the

¢ Horngren, 1977. Arrow (1962) postulates that the learning curve first rises at an increasing
rate, and reaches a point of inflection, after -which the second derivative becomes negative. It
is indeed probable that newcomers will acquire skills very quickly initially, say in the first
few days of diving for abalone. However, since the learning process is being looked at from
a seasonal perspective in this case, the learning curve is more likely to be approximated by
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Figure 12: Leaming Curve

Learning Phase " | Steady-State Phase

Productivity

Time

relationship between the average productivity of a group of individuals and the acquisition of

skill by those individuals over time.

Unfortunately, the precise effects of changes in skill and the exploitation of new areas
upon the productivity of effort in the abalone fishery cannot be readily determined. An
accurate account of such effects would require knowledge of the productivity of fishermen

and divers with varying skills as well as their success in areas which are both familiar and

unfamiliar to them. This information is not available at the present time. It is possible,

however, to construct a hypothetical scenario that provides a better understanding of the

effects of learning in the British Columbia abalone fishery.

‘(cont’d) that illustrated in Figure 12.
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The learning procedure can be divided inio two components: the ‘procurement of diving

skills as ‘experience is gained; and the process of familiarization with pre\?iously unexplored

areas. The difficulty lies in identifying the separate effects of these two components.

Consider initially the acquisition of diving skills alone. Assume ‘for now that abalone
occur only in a single, geographically well-defined area that has been lightly explpited»for
many Yyears. If thefé is a sudden influx of new entrants into the fishery, one may reasonably
expect the average product of fishermen’s laboﬁi in this fishery to r'decline. Relative to
experienced fishermen, the new participants - will have l%ﬁg@pwledge regarding the specific
habitat in which abalone are abundant and wil thas require more search tifne;; additibﬁally,
the newcomers will be less adept in the actual collection of abalone. As was noted in Part
B of the me51s\€me dexterity 1s needed in order to remove individual abalone from the
substrate unharmed. In time, however, new entrants will acquire these SklllS It is desirable to
derive a reasonable estimate of “the effect of the acquisition of labour skills on the
produciivity of effort Colurhn 16 of Table 2 indicates that, for the fishery as a whole, no
significant increase in effort took place between 1972 and 1975. Prior to 1972, a steady
increase in the level of nominal effort took place. It appears as if little entry took place
after 1972 until 1976. Assﬁme that it takes three years vfor the average newcofner to acquire
all of the skills necessary for harvesting abalone. Relative to the catch and effort levels of
1972, those of prior years are low. Thus, it is probable that a good deal of learning took
place from 1972 to 1975. Suppose, for example, that, relative to the average fisherman in
1975, the average participant was forty percent as efficient in 1972, seventy’ percent as
efficient in 1973, and ninety percent as efficient in 1974. It may be assumed that, in 1975,
the majority of abalone fishermen had procured the necessary skills. In 1976, however, the
level of nominal effort increased dramatically; thus, it may be conjectured that the majority
of participants were inexperienced in 1976. Suppose that the decrease in the average level of
skill caused the effectiveness of labour to decrease by sixty percent from 1975 to 1976.

Although slight, the level of effort again increased in 1977. It is known, however, that this
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was not due to further entry; in order to quahfy for a hoense in- 1977 ﬁshermen had to‘

meet a mmunum landing requirement for 1976 Therefore, the average level of skill in the
fishery must have increased- from 1976 to 1977 thereby resuttmg in upward preesure on- the
average contribution of labour. It might be hypothesized that the efficiency of labour in 1977

was seventy percent of that in 1975. Similarly, one might expect that, on “average, each unit

~ of labour in 1978 was ninety percent as effective as the average unit of labour expended in-

1975. By 1979, the average fisherman ~may be con31dered Just as competent in harvesting

abalone as the average fisherman in 1975. .

The above scenario concurs with the learning process illustrated in Figure 12. In terms
of the obtainment of algills; the years 1972 to 1975, and 1976 to 1979 constitute the

"learning phase” whigﬁ is~followed by the maintenance of the "steady-state phase”.

The hypothetical situation described above can be summarized: by using what shall be
ermed a "skill index", whrch is presented in Table 3. The skill index describes changes in
- the efficiency of an average unit of fishermen’s labour resulting from the - acquisition of |
diving skills alone. .’l'hat is, the level and productivity of inputs other than labour are
assumed constant. One might think ef, the introduction of a unit of labour as adding to the
effectiveness of a unit of effort. Here, one unit of effort is an abzrlone—day. The abalone-day
encompasses inputs of ‘labour and capital employed ‘during a day of fishing as” well as the
area covered during the day. In 1975, the average fisherman is assumed-to have 5cquired all
necessary skills for harvesting abalone. When exerting a unit of effort, i.e., an abalone—day,
the capital he employed, the area he covered, and his own skill each would have contributed
to that effort. The skill index indicates that, in 1976, an averager fisherman who employed
equally productive capital and harvested an area identical to that harvested by the average
fisherman in 1975, would have contributed sixty percent less to the effectiveness of a unit of

effort than the average fisherman in 1975.



-

Year Skill
Index
1972 : 0.4
1973 0.7
1974, 0.9
1975 1.0
1976 i 0.4
1977 0.7
- 1978 0.9
1979 1.0

Now cdnsider the impact of labour on a unmit of effort when the éxploitation of
previously unexplored areas is’ also taken into account Table 2 indicates that Statistical Areas -
2E and 6 were very lightly exploited prior to 1976. Thus, the contribution of labour to a
unit of effort in these areas will have been adversely affected by both a general uncertainty
regarding the location of potential abalone habitat and the decrease in the average level of
fishing skill. The same is true fof the north coast region as a whole, since the majority of
areas in northern British Columbia had been only lightly exploited prior to 1976. Note,
however, that the reduction in labour effectiveness resulting from the harvesting of new areas
is likely to be less severe for the north coast as a whole than for Areas 2E and 6
individually. This is because, although many‘ areas of northern British Columbia were
unexplored, some harvesting of abalone did occur in this region prior to 1972. The sbuth
coast region, which includes Areas 12 and 20, however, was not a generally unexplored
region. Furthermore, it is probable that the reduction in the average skill of divers is less
pronounced in areas of the south coast than in areas of the north. This is because the new
entrants were likely discouraged from harvesting abalone from beds in the south which were

traditionally exploited by established fishermen. Thus, the downward pressure on the

productivity of effort applied to abalone stocks in southern British Columbia is likely to have
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‘been less intense than that in northern British Columbia. It is doubtful that the effect of

entry on labour's contribution to an abalone-day varied significantly among areas in. the - .

south,

Columns 1 through 4 of Table 4 depict potential "labour impact indices” for each of °
the relevant regions. To derive each index, the skill index presented earlier was used as a
type of gauge and revised according' to the trend of effort levels occurring in each area. For

example, in Areas 2E and 6 there was no catch recorded prior to 1973; thus, it may be

assumed that abalone fishermen were unfamiliar with these areas. It has been hypothesized .

that, owing to a reduction of average skill alone, the average ﬁsherman was only seventy
. percent as productive in 1973 as he would be after acquiring all necessary skills. The fact
that all participants were unfamiliar with Areas 2E and 6 suggests that it is likely that the
average unit of labour in 1973 was even less efficient than that indicated by the skill index.
Indeed, the labour productivity indices for all areas in northern British Columbia should fall
entirely below the skill index until, say, 1980, when both diving skills and area—familiarity
should have been sufficiently acquired. That is, it is expected that, in addition to being
unskilled in fishing for abalone, the average abalone fisherman in northern British Columbia
was also unfamiliar with the area he was harvesting prior to 1980. Thus, His contribution to
effort was less than what it would have been if he was harvesting abalone in an area with

which he was familiar.

The labgur impac;t indices for areas in southern British Columbia are slightly different
than those f:{ areas in northern British Columbia. Dating back to at least 1952, areas along
the south éoast have provided abalone catches every vyear, with theAexception of 1959
(Federenko and Sprout, 1980: 32). Thus, the extent to which fishermen are familiar with the
southern areas is likely to have had little bearing on the average impact of labour\?n an

abalone-day. Consequently, columns 3 and 4 of Table 4 are simply reproductions of the skiil

index shown in Table 3.
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" Table 4: Contribution Indices for-the British- Columbia- Abaloanishery,—byﬂ'egiom*mt =

1985

» “Index of

Indices of Labour . Capital *

Impact X Impact
1) (2) N E) 4) (5) - (6)

Areas North Areas South British British

Year 2E and 6 Coast 12 and 20 Coast ‘Columbia Columbia
1972 na na 40 40 40 1.00
1973 3 35 .70 v 70 .61 , 1.00
1974 30 35 .90 .90 72 1.00
1975 30 35 1.00 1.00 .59 1.00
1976 .20 .30 40 40 32 1.30
1977 .50 .60 .70 ' .70 61 1.50
1978 .80 .80 .90 .90 .80 1.60
1979 95 S 1.00 - 1.00 .96 1.60
1980 1.00 1.00 1.00 1.00 1.00 1.60
1981 1.00 1.00 1.00 1.00 1.00 1.60

1982 1.00 1.00 1.00 ; 1.00 1.00 1.60 .

1983 1.00 1.00 1.00 1.00 1.00 1.60
1984 1.00 1.00 1.00 1.00 1.00 1.60

1985 1.00 1.00 1.00 1.00 1.00 1.60

na = not applicable

The labour impact index for the British Columbia abalone fishery as a whole is simply
a weighted average of that for the south coast and the north coast. With the exception of
the years 1978 and 1979, for which effort levels measured in abalone-days are unavailable

for southern British Columbia, the index ’in column 5 of Table 4 was derived as follows:

_ ZBC BC
Lige = (ADY/ADRC)LLg + (ADY /AD BOLL

where,

LIBC = index of labour impact on effort for British Columbia abalone fishery in

period t;
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LIS' = index of labour impact on effort for south coast abalone ﬁshefj in

period t;
LIN = index of labour impact on effort for north coast abalone fishery nF - —
period t; ‘ |

ADSt = number of abalone—dé.ys fished in southern British Columbia in peridd t

ADY = number of abalone-days fished in northern British Columbia in period t_

ADEt'C = _toial ni;mber of abalone-days fished in British Columbia in period t; *

1 = 1973-1977; 1980-1985.

The proportionate number of diver days’ for 1978 and 1979 were employed as the weights

for those years. That is,

where,

Cii v .
Llpc = (DDSt/ DI?E: s + oo /ppEC)L1

DDSt = number of diver-days exerted on south coast in perilodv t;
Dﬂqt = number of diver':days exerted on north coast in peri‘od X
DDEC = total number -of diver-days exerted in British Columbia in period t;
¢ =197, 1979. B |

-

The léarh‘ing curves - for the nprth coast, south coast and the whole of British Columbia

are illustrated in Figures 13fa-, 13b, and 13c, respectively. Note that the vertical axis measures

the standardized average = productivity of effort. The standard unit of effort is that which is

exerted after skills and familiarity with the fishing grbund have been full); acquired; such an

effort unit has been assigned a productivity value of 1. The productivity of all other units

‘of effort have been ascertained in relation to the standard unit. It is important to note that

these learning curves depict a trend in producﬁvity of effort where only fishing skills and

the areas harvested are - allowed to valy. Other variables affecting productivity are held

constant. An additional factor which is iikeiy to have had a signiﬁcant’ effect on the

7 Farlinger and Bétes, 1985.
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productivity of an abalone-day is the employment of more efﬁcxent ~vessels. As mentioned

earlier, there was an mﬂux of vessels equipped with a1r oompressors and freezing systems in
1976. Agam, owing to 1nsufﬁc1ent data, it is not possxble to determine the precise effect of
the use of more efficient capital upon the producuvxty of effort, but a hypothetncal scenario
is helpful. In 1976/ f.hg;average vessel’s oontribuﬁQn to a unit of effort may have been thirty

percent greater than that in 1975. The imposition 7 of limited entry in 1977 likely resulted in
the exit of the least efficient vessels, thus czusirig the average impact of capital on a unit
of effort to rise fmmer, perhaps by anothér twenty percent 'I'hqJ efficiency of the fleet
continued to increase tﬁrough f§\78,’ after which the impact of capital likely reached a
plateau at, say, sixty percent greater than the average contribution of capital in 1975. The

"index of capital impact” corresponding to this scemario is shown in column 6 of Table 4.

Table § .summarizes the effects of learning and the additions of capital m the abalone
fleet through the use of an index of .effective effort’ which has been derived by ‘aggfegaﬁng
- the indices of labour contribution | and capital contribution. For exa.mplei in 1976 an
.abalone-day generated only sixty-two percent of the effectiveness of a "standard” aBalone—day.
A "gtandard" unit of effort is that which reflects the productivity of a skilled abalone
fisherman, harvesting an area with which he is completely ‘familiar,‘ and émploying the ' type
of vessel which is representatjvé of tflat which was uZed prior to 1976. Since, in 1976, the
average fisherman conm'ﬂbuted sixty—eigtit‘ pefcent less ;o a unit of effort than the standard
fisherman, and a unit of capital contibuted thirty percent more than the standard unit, it
may be deduced that a 1976 abalone-day was thirty-eight percent less. feffectjve than a
standard abalone-day. The remainder of the index was derived in this same manner. Note

that in deriving the index of effective effort, it has been implicitly assumed that this index

is strictly additive with respect to the impact of labour and capital. This, is turn, stems from

* TFederenko and Sprout, 1980.

° The notion of "effective effort” and its implications was obtained from P. Copes in
personal conversation.

46



~ Table 5: Indices of Effective Effort, by region, 19727 - 1985

’:2‘9) @) 3 4 ()

eas North " Areas South British

Year 2E and 6 Coast 12 and 20 Coast - Columbia
1972 " na na .40 40 40
1973 | .30 35 .70 a0 _ 61
1974 - 30 35 .90 90 72
1975 30 35 1.00 “LO0 59 -
1976 .50 .60 70 700 62
1977 - 1.00 1.10 1.20 ’ 1.20 L1l
1978 140 1.40 1.50 - 150 0 1.40
1979 1.55 1.55 ' 160 - 1.60 . "L56
1980 1.60 1.60 1.60 1.60. 1.60
1981 1.60 1.60 1.60 1.60 1.60
1982 1.60 1.60 1.60 1.60 1.60
1983 1.60 1.60 1.60 1.60 1.60
1984 1.60 « 1.60 1.60 1.60 ‘ 1.60

. 1985 "~ 160 , 1.60 1.60 1.60 1.60

na = not applicable

N

the assumption that—the average units of labour in each year under coﬁsideration are equally
adept at using the capital introduced to the fishery after 1975. This is a valid assumption if

there is no reason to expect that the average fisherman in any given year is more skilled at

using air compressors and freezing systems than the average fisherman in another year.

The effort levels for the areas under consideration have been adjusted according to the
relevant indices of effective effort; these results are indicated in Table 6. The extent to
which - the index':)f effective effort deviates from the "true" index depends, of course, on the
extent to which the actual changes in the relative impacts of labour and capital \on a unit

of effort are reflected in the hypothetical indices described above.

Assuming that entry into the fishery resulted in affecting effort in the - manner
described above; the effective effort employed from 1973 and 1985 will geﬁerally differ from

that indicated in Table 2. Following  Copes (1978), the "loop method” has been utilized in
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Table 6: Adjusted Effott':in t-lier British Columbia Abalone Fishery,by region, 1972- - 1985 =

4

(1), @ 3) @ © ®)

Area Area North Area Area British

Year 2E 6 Coast 12 20 - Columbia
&

1972 na na na 26 2 178
1973 4 1 39 na 23 273
1974 na 13 26 14 44 161 .
1975 2 27 103 33 69 272
1976 145 154 572 39 66 715
1977 458 165 1,137 68 18 1,293
1978 396 568 ; 1,539 63 44 - 1,639
1979 175 na - 1,364 141 40 1,587
1980 125 714 1,229 189 42 1,464
1981 221 354 1,046 194 85 1,395
1982 98 378 ' 651 24 88 886
1983 293 - 98 723 78 114 915
1984 120 - 122 627 61 170 930
1985 ' 42 187 538 120 123 872

na = not applicable

the estimation of the sustainable yield curves. By using the adjusted levels of effort shown in
Table 6 in the construction of the vyield-~effort curvés, it is possible to obtain a relationship
between the short- and long-run similar to that depicted in Figure 6. Figures 14a to 17d
include derivations of the sustainable yield curves fop Areas 2E and 6, the north coast and‘
for the British Columbia abalone fishery as a whole. The yield curves for southern Briﬁsh
Columbia have been omitted as there is no discernible pattern between short-run and
long-tun catches for ‘t.his rggion. The practice of deriving yield curves for particular- areas
raises questions regarding stock definition. The following sustainable yield curves illustrate a
number of possible alternative definitions of stock in terms of the area definition of stock.
ldeally, one should be dealing with a discrete stock. In the case of abélone, there is a good
deal of stock ‘loczlization but there are, presumably, stock overlaps through the dispersal of

spat in the spawning process. For purposes of comparison, two curves have been constructed

for each area: one using the unadjusted level of effort shown in Table 2 and another using
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Figure 15¢c |

Yield—Effort Relationship for

Statistical Area 6 -
1973—1978, 19801985
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thé adjusted ~effort levels shown in Table 6. A- magnified version of each of the latter has

also been provided. Of particular ‘inte‘rest is the size of the short~run lbops. Their

considerabl_e length .can be explained by the population characteristics  of abalone and by :

contemplating the course which the British Columbia abAlone fishery has folioWed since the
mid-1970s. Few areas of northern _Briﬁsh Columbia were exploited to any significant extent
prior to 1976. The biomass was gllowedr' to maintain its natural equilibrium level with few
interruptionsr from f';shermen. The large expansion in catch from 1975 to 1977, observed in
Area 2E, thus cbnsists of partial vdeplet/iron of the biomasé plus the growth in the stock that
ocCurredv during that pen'bod.v Note that it is only the annual productivity of the stock that
constitutes a sustajnéble yield. Therefore, that proporti>on of the catch that can be attributed

to a fishing up of old-aged abalone is not sustainable.

Breen (1980: 27) /;ep‘orts that the exjstehce of abalone aged fifty years or more is not
improbable. The longevity of the species implies that unharvested stocks can reach very high
population levels. It is likely, then, that a substantial pioportion of the observed catch ffom
Statistical Area 2E represents a fishing down of the biomas;. The slow-growing nature of
abalone will cause many yeaIsv to pass before a large reduction in the ‘biomass is replaced
by stock recrui;rnent_ The long-run vyield associated with the effort levels robserved in the
mid- to late-1970s is, as may be observed, far below the correspoﬁding ghort—run catch. The
same phenomenen discussed above can be observed in Area 6, with biomass depletion
qccurring later than in Area 2E. Area 6 may, in fact, have posed as an alternative to Area

2E when catches from the latier began to decline in 1977.

The derivation of yield curves using the édjusted ‘measures of effort- allows for a more
accurate . estimate of ‘maximum sustainable yield for the areas under‘f-f:consideration, than if
effort remained unadjusted. Figures l4c and 15¢ indicate that the maximum sustainable yield

for Areas 2E and 6 are 13,000-13.500 kilograms and 11,000—11,500 kilograms, respectively.
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The importance of allowing for variations rn the average level of effective effort
through time becomes particularly . evitient w‘hen ~comparing Figures 16a and' 16b. As can be
observed, the use of Aadj‘usred' effort levels Tesults in an estimated yield curve that ia
signiﬁcantly' diffe‘rent than the ene i:lerived using the unadjusted measure of effort. Figures
16c and 16d 1mply a maxrmum sustamable yield of approxrmately 45,000-46,000 kilograms for.
northern Bl‘lt.lSh Columbia. Figure 16d represents a magmﬁed vers10n of the sustamable yield
curve for the north coast, where the years 1976~1979 have been omitted. Figure 17c¢ uﬁm
that the maxunum sustamable yield for the British Columbia aba]one ﬁshery as a whole is
approxirnately 70000—72000 krlograrns The years 1976~1979 have been ormtted m Figure 17d
to allow - for easier wewmg of the curve The ~maximum ° sustainable yield estimates for
northern British' Columbia and “the British -Columbia total imply that the maximum sustainable
yield for the south eoast is about 25,000—226,000 krlograrns N'ote that each of the yield
curyes have been left "open—ended”. This is contrary to Schaefer’s iogistic growth model,
where yield curves take on the shape of a parabola. It is highlyaunlikely, however, that the
sustainable yield cnrves for most fish populations precisely conform to such a functional
relavonship between catch and effort. In particular, it is improbable that a fish stock will
ever be harvested to complete extinction (Copes,‘ 1978: 29-30). This may be the situation, for
example, when a significant proporu'on hof the sexually mature individuals are below
recruitment size, so that a large part _of the spawning stock remains unaffected by fishing
activity (Copes, 1978: 30). In deriving ‘the yield curve for the abalone fishery, the use of the
loop method does not rely on a pre-determined functional form. The available short-run data

provide no justification for drawing a zero—ended yield curve.

- The preceding analysis has concemned itself " with ascertaining the sustainable yield curve
fer the British Columbia abalone fishery, and the identification of maximum sustainable yield.
It is important to realize that the maximum sustainable yield refers to that maximum amount
of the abalone population that can be removed on a sustained basis. Tha 1/5___ the ‘maximum
sustainable vield is the largest catch per period that allows the muintenance of a stable
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population size in the long run. Such a measure is not nécﬁssarﬂy indicative of what should
be harvested on a sustaine:j basis. Fishing effort should be applicd in such a way that net
returns from the fishery are maximized. The sustainable catch corresponding to this level of‘
effort does -not naéessafily coincide wxr_h the maximum sustainable vyieid. Sbeciﬁmlly, the net
benefits obtainable from ﬁshing_ may be greatest at a level of ‘effort which is lower or
higher than that associated with maximum sustaicable caich. The ‘sustainable level of catch
associated with the highest net rewrns frdm fishing _is" referred to as vaximum net economic

yield (MEY).

The Determination of Maximum Net FEconomic Yield'

In order to estimate the levels of catch and effort that correspond to a sitmation in
which the net retums from fishing are maximimized, it iS necessary . to ascertain the
relatonships between revenue axi(&irﬂeffon, and cost and effort. Presumably, the exertion of
different levels of ;ffort tesults in various levels of costs gnd revenues. The objective here is
o idéntify that level of effort at whi;h the excess of revenue over cost is greatest This is

achieved by deriving the long run revenue and cost curves.

The sustainable vyield curve generated by the Schaefer model can be easily transformed
into a sustainable revenue curve. By assuming a constant price for ﬁvsh, and multiplying the
sustainable yield curve by this price, a total revenue curve for the fishery as a whole is-
obtained. A constant price for fish is generally justified by assuming that the fishery being
considered provides only -a fracion of the world supply of the species in question.
Consequently, variations in local supply are not expected to affect price (Cunningham et al.,
1985: 42). Figure 18 depicts a long run revenue curve derived in this manner. Also depicted
is a total cost curve. The derivation of the latter is based on the assumption that the cost
of effort is a linear function of the amount of effort. Such an assumption rests on the

hypothesis that long run effort is varied by the expansion or contraction of the number of
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Figure 18: Theoretical Derivation of Cost and Revenue Curves
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optimally-sized vessels, rather than by an increase in effort on the part of existing vessels

(Cunningham et al., 1985: 44).

Point A in Figure 18 represents what has been termed "open-access equilibrium”. In
the absence of regulation, fishermen will tend to apply fishing effort until the total revenue
for the fishery as a whole is equivalent to total costs (Aﬁiiefson. 1977: 31). In an
unregulated fishery, new. fishermen will be au.ractedvimo the fishery as long as there exists
profits; conversely, if losses are being generated, some o'perations will exit the fishery

(Cunningham et al., 1985: 44).
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Point B in Figure 18 corresponds to "maximum net economic yield", where the revenue
obtained fro;n‘ gxcrting an additional unit of effort is equal to the cost of doing so. It is
clear that some form of regulation is required if fishermen are to be induced to apply . effort

in a manner that -maximizes profits.

v‘An explanation is required regarding the failure of an -open-access fishery’ to yield
resource rents. A generally accepted axiom of economic theory upholds that individuals seek
| w maximize their individual wealth, If the individual wealth-maximization hypothesis holds,
| why, iheri, do f'ishermen, acting on their own, fail to gravitate toward the optimum level of
,effort” The preceding analysis implies that fishermen can be made better off at a lower level

- of ﬁshmg effort than that associated with open—access equnllbnum This is easily seen by

. mspectmg Flgure 18. At the open access equilibrium level of effort, OE,, no resource rents

'vare bemg generatecl ‘At lower levels of effort, the existence of positive resource rents allows
for the dlsmbuuon of additional income among fishermen. Up to a point, lower levels of
effort’ result in higher sustainable yields of abalone since the stock is subject to a lower rate
‘of ﬁshmg mortaility. Thus, . effort levels below the open access level are associated with lower

total costs; consequently positive resource rents are .generated.

What initually éppears as irrational behaviour on the part of fishermen can be fully
understood and justified upon consideratjori of the nawre of the resource which is being
exploited. An individual fishing unit will act just as any other profit-maximizing firm; that is,
each boat will continue to produce effort as long as the return from doing so exceeds the
cost of the last unit of effort expended. In a fishery in which all vessels are identical, the
applicationlof ‘effort levels that fall short of OE, in Figure 18 result in all fishing enterprises
earning revenues in. excess of their total costs, where costs include normal returns to capital
and labour. In an dpen access fishery, additional fishing units will be attracted to obtain a a
share of the excess profits. Entry will continue until the effort level OE, has been attained,

where all potential rent will have been dissipated and only normal returns to capital and

<
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labour are available. This phenomenon does not exist in other industries where the ,,[un;s;o;i,,,i

‘individuals involved usually own or control the resources employed in production. In the

fishing industty, no one firm (ﬁshenne;n) is able to influence the catch per unit of effort in

the fishery. Rather, this will be determined by the combined independent decisi.ons‘ of all of

the individualA boat operators (Anderson, 1977: 58). Although each fisherman a\cts independently

as a profit maximizer, the combined actions of all fishermen result in a sub:-'optirnar ‘

Conﬁgul:atjon of effort and catch.

Derivation of the Long Run Revenuev Curve for thé British Columbia Abalone Fishery <
The annual revenue from fishing is the p@?du{t of the price per unit of catch and the

total catch taken in a- pzi;ﬁcular year. Table 2 records the annual abalone catch in kilograms.

Table 7 fecords the landed price per kilogram of “abalone from 1970 to 1985 in current and

‘onstant  dollar landed value.® Note

mﬁsmnt (1981) dollar terms as wél] as the associat
that columns ’1_ and 2 of Table 7 record the average prices per kilogram and have been
,ob'tainedq by dividing the total annual revenue received in the fishery by the total qﬁantity of
répértéd catch. The landed value figures represent short run tevenue in constant (1981)

dollars.

-

It is important to note that it is the sustainable or long run rtevenue which is ofv
inerest. That is, it is desirable to determine the maximum return from the fishery that can
be attained on a perpetual basis. Therefore, 'tl;iehvrelevant variable to ‘be considered is the
- long run or sustainablé catch rather than the short- run "catches recorded in Table 2. The

latter are cawches that are not generally sustainable at the corresponding effort lévels;

'*  Federenko and Sprout (1980) record nominal prices from 1952 to 1980; nominal prices for
1981 w0 1985 were obtained from Fisheries Production Statistics of British Columbi ,
1981-1985, Marine Resources Branch, Ministry of Environment. Province of British Columbia;
real prices in 1981 constant dollars for 1970 to 1985 were obtained by indexing nominal
prices according to the Canadian consumer price index, Catalogue No. 62-010, Statistics
Canada. The CPl was chosen over the GNP ‘deflator series because, in general, less than
50% of the total landed value is reinvested into vessel maintenance. Thus, the CPI gives a
more accurate indication of the purchasing power of fishery revenues.
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¢ o
Table 7: Landed Price (per kg.) in Nominal Terms and in Constant (1981) Dollars,
and Constant (1981) Dollar Landed Value of Abalome in British Columbia, 1970 - 1985

(D 2 3)

, Landed Value
o S . Price in constant - in constant
Year ’ Nominal Price ($). (1981) dollars . (1981) dollars
1970 93 2.27 36,860
1971 19 1.87 ) 12,469
1972 —IT 224 133,506
1973 1.39 N\ 292 ' 196,685
1974 . 163 e 3.09 T 82,416
1975 2.34 4.00 228,612
1976 315 5.01 1,371,442
1977 4.06 ; 5.98 2,878,617
1978 4.30 5.82 2,352,514
1979 571 .08 1,473,837
1980 6.20 6.97 750,090
1981 : 9.42 9.42 882,192
1982 . 8.49 7.66 629,461
1983 8.25 7.04 412,924
1984 9.14 7.47 424,625
1985 9.66 . 7.59 347,091

Source: Federenko and Sprout (1980); Fisheries Production Statistics of British Columbia,
1981-1985.

consequently, the revenues that are generated by these short-run vyields are not sustainable at
those levels of effort Part D of the thesis included the estimation of the sustainable yield
. curve for the abalone fishery. Recall that this curve illustrated the relatjonsflip between the
level of effort expended per period a'nd the long-run catch associated with each level of
~effort It is Jpossible, therefore, to ascertain the long-run catch for particular levels of effort
by ihspecu’ng Figure 17c. This information is recorded in Table 8. The effort levels recorded
in Table & are adjusted effort levels which are capable of generating the corresponding
sustained catches recorded in column 1 .of Table 8.

Long run revenue 1is obtained by muitiplying the long run catches. by the price.

D )
However, it is immediately obvious from-column 2 of Table 7 that there has been a great
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Table 8: Long Run Catch and the Relationship Between Price
and Long Run Revenue, by Level of Adjusted Effort

1) 2) (3) 4 )

' Long Run Long Run Long Run Long Run

Long Run Revenue($) Revenue($) Revenue($) Revenue($)

Effort Catch(kg.) (P=8$2.24) (P=$4.00) (P=$7.59) (P=é9.42)
100 42,300 * 94,752 169,200 321,057 398,466
200 53,300 - 119,392 213,200 404,547 502,086
300 64,300 144,032 257,200 488,037 605,706
400 70,000 156,800 280,000 531,300 659,400
500 73,300 164,192 293,200 556,347 690,486
600 C 75,300 168,672 - 301,200 571,527 709,326
700 73,300 164,192 293,200 556,347 690,486
800 - 70,000 - 156,800 280,000 531,300 659,400
900 60,000 - 134,400 240,000 ° 455,400 565,200
1,000 43,300 96,992 173,200 328,647 - 407,886

P = constant (1981) price per kilogram
/

deal of variation in price. Owing to the fact that abalone is sold in a large world market,
the price. for abalone in British Columbia is determined by external market forces. The
British Columl?ia supply of abalone constitutes only a small proportion of the world’s supply.
Therefore, the quantity of abalone produced in British Columbia will ﬁave no influence on
price. Thus, it may be assumed that if a particular price prevails, the yield curve can be
converted to a revenue curve using that particular price. For given levels of effort and long
run catch, different prices will generate different rtevenue curves. The last four columns of
Table 8 record the long run revenues for different given prices of abalone in constant (1981)
dollars. Specifically, these are the prices prevailing in the years 1972, 1975, 1985, and 1981
Each of these revenue series are plotted against the corresponding adjusted effort levels in
- Figure 19. o !
By inspecting -column 2 of Table 7 it is evident that the real price of abalone

remained relatively stable from 1982 to 1985. A possible reason for this price stability is the
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integration of British Columbia abalone sales into the Japanese market. It may be conjectured

that a point of stability in the landed price of abalome has been attai}led The average
constant-(1981) dollar price prevailing from 1982 to 1985 is $7.44/kg It seems reasomable to
« employ the- long run revenue curve associated with this particular prioe‘ in t_he em@ré
analysis of the British Columbia abalone ﬁsh#ry. Table 9 records the resulting long run
revenues anq corresponding adjusted levels of effort for which long run caich&s were possible
to estimate. The long run revenue curve that is representative of the data presented in Table

9 is illustrated in Figure 20. Thi5 long run revenue curve implies a maximum sustainable

revenue of approximately $560.000.
" Derivation of the Long Run Cost Curve for the British Columbia Abalone Fishery

A bref diéression regarding the way in which’ the cost data for this fishery have rbeyeg
estimated and compiled is necessary. In 1983, the Department of Fxshéries and Oceans,
Vancouver, B.C., conducted a cost ~and‘earnings study for the 1982 fishing season. Of the
twenty-two vessels that participated in the abalone ﬁshery that year, ten were included in the
;sme,y and were categorized according to vessel length. The raw data, of particular interest to
this paper have been reproduced m Table 10. The miscellaneous costs réferred to in Table
10 include items such as moorage, gear storage and accounting fees.rAdditional information

has been employed in conjunction with the results of this survey, and has been ‘summarized

in Table 11.1

In order 10 generate cost esumates from the available information, the following
assumptions have been made:
1. The composiuon of the fishing fleet, with respect to vessel-length, remains constant at

the 1982 distribution for the period in question.

to

The proportion of abalone earnings relative 1o other fishing earnings for each vessel

category also remains constant at the 1982 level

1 Unpublished data, Department of Fishenies and Oceans, Vancouver, B.C.

Lo
153
&
s
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Table 9: Effort (Abalone-Days) and Long Run Revenue (in 1981 Constant Doliars) \
, in the British Columbia Abalone Fishu'y : -

Long Run
Revenue
Effort (P=$7.44)
100 314,712
200 ' 396,552
300 478,392
400 ‘ 520,800
500 545,352
4 600 : 560,232
700 545,352
800 520,800
900 446,400
1,000 322,152
3. The cost data obtained, for each vessel category, from the 1982 survey are

N

representative of the average vessel in that category.

4, There are no absentee ownmers. Each vessel-owner conducts his operation personally with-

the aid of (a) diver(s) and a tender.!’

Table 12 provides a summary of the fixed costs incurred in the abalone fishery from
1975 to 198S. Each of these costs is associated with a fishing vessel. Since many of the |

vessels are also engaged in other fisheries, it is inappropriate to allocate ons—hundred percent
™

of the fixed costs to the abalone fishery. Instead, the proportion of averége' ﬁshing, earnings -

per vessel attributable to abalone has been used as a proxy for allocating the fixed costs. -
) e

There is of course, no need to apply this procedure to data on the cost of the abalone

—

license. Each series of data in Table 12, with the exception of license fees, has been

indexed according to a price series for capital expendnure in the Canadian ship-building and

o

> The tender is a separate individual from the abalone fisherman whose input involves the
cleaning and -storing , of abalone catch.

B

69



Long run revenue in fnousands of dollars

300 -

600
570
540
310
480

450

420 -
390
360
330 -

270 -
240
210
180 -
150
120
90
60 -
30

“Figure 20

Long Run Revenue Curve for
Brifish Columoia Abdone Fishery, ~
P =$7.44/kg.

T T T T T . T T T 1
100 200 300 400 (500 600 700 800 900 1000

Adjusted effort in abalone days

¢

10



Table 10: Summary of Vessel-Associated Costs ($) Reported in Cost and' Earnings Survey,
by Vessel-Length- Category, in the B.C. Xbﬂofe Fishery, 1982

Category Om. - 88m. 8m. - 134m. 13.5m, >
—
Average market : 30,000 106,000 175,000

value of vessel
at end of 1982 season

Average outstanding 9,000 85,000 48,000 \
debt per vessel ' 1§

at end of 1982 .eason N

Average fuel, oil and ’ 500 4,726 14,325

grease cost per vessel

Average cost of 898 3,387 5:147
provisions per vessel- : S

Average repair and maintenance . . 951 2,944 1,850
costs per vessel o . .

Insurance, license fees and 636 7,317 6586
muscellaneous fixed costs per vessel o ‘

Source: Cost and Farnings Survey, 1982, Department of Fisheries and Oceans, Vancouver, BC o
- 4 : N

ot

boat-building industry and is recorded in \constam (1981) dollars.!’

P
o ¥

The a\'er;_ige" opportuniiy cost of capital per vessel, seen in column 1 of Table 12, is

based on ‘a five percent real rate of return to vessel value per year and .has been calculated

as follows: )
OCK = a,b;rV, + a,b,IV, + a,b,1V,
where, .

‘ OCK = average opporwnity cost of capital per vessel;

P Catalogue Number 42-218, Statistics Canada.
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.V, = average markét value of vessel in Om. - 8.8m. categof$:

v,

i

Table ll Avenge pmpom of Total Fishing- ; it \m L

. Fishing Effort Attributable to thé Abalone Fishery, ST
. By V&ellmgth&tegom,lm B e
Catégory © - - Om - 88m . 89m — 134m. _ 135m >
Proportion of. Vessels in each L3L8% . 4545% . 227%% .
Vcssel Length Category P _ y’y_ ' N U S
d Propom’on of ’I;oiél b'I’ishin,g E . 800% e . 79.3% T 59.9% -
‘Eamings: Attributable to - : - I e -
the Abalone’ Fishery °"‘ e e S
Propomon of “Total Flshmg e 190% e 180% T 623%
Days Atmibutable to the - | . 7 I 5 .
Abalone Fishery T

3

~ Source: lgﬁij{xblisﬁed data, Depahmem of, Fisheries and Oceans, Vancouver, B.C.

k)

P

average market value of vessel in 8.9m. - 13.4m. category; .

1]

]

V, = average market value of vessel in 13.5m. > categor):;‘
r = reai rate of r’eturn.(S'%)'“ | K

a,, 4, a, .= propomon of Loxal vesseis in each category;
b, by, b, = respecuve proportions *of ﬁshmg earmngs atributable to abalone in each vessel

category.

. R
The average opportunity cost of capital per vessel represents the amount that would be
necessary 1o compensate the vessel owner for foregone opportunities. That is, the capital

embodied in a fishing vessel could be invested elsewhere. Since the current real market rate

of interest is approximately five percent, the foregone - earnings from alternative’ “investment
have been estimated to be five percent of the markét vaiue of the vessel. As is indicated in

Table 10, the average “fisherman resorted to at least partial external financing for the

14 Based on personal conversauon with Richard Jacobson, Head of Shellﬁsh Dmsmn

Depanmem of Fisheries and Oceans Vancotiver, B.C. s -

72

I3



purchase of vessel and ‘gear. Thus, the opportunity cost of capital must also include the cost
of debt or —interest payrnents In Vperforming the above calculation, it has been imolicity
assumed that the average ﬁsherman has complete ownershrp of hJS tessel lf however, - it can
be assumed that capital markets are fnctronless then the real rate of Teturn. on foregone
investment alternaUVes is identical to the real cost of borrownng Under these mrcumstances
the above method used to esumate the oonortumty cost of mpltal gene;ates the same result
as would the summing of interest payments and earnings which could} ﬁve'been reahzed\ if |
the capital tied up in that proportion of the vessel which was A{wed ~had been “invested

elsewhere.

/

Ve
8 “

Depreciation costs per vessel (DC) have been calculated based on an average vessel life

of thirty years:* v
DC = albldvl 'F azbdeZ + ,a3b3dVr3 &

where,

2

d = rate of depreciation (3.33%). -

-

S

Similarly, repair and maintenance costs ‘(RMCl)ﬁ ha“vg been calculated as 'follows;g

s

R_MC = alblRMCI‘ 4: azb;RMC; 7 a3b3RMC3

'

Them series recorded bin—' the column labeled : "Insurance and Miscellaneous Fixed Costs"

(IMC) was obtamed sﬂnply by subtractmg the $20000 llcense fee from the data recorded in

the last categorv of Table 10 and perforrmng the followmg calculatron

R IMC = ab, IMC, + 2,b,IMC, +-2,b,IMC,

| L .
The license fee series has - been deflaied according to the Canadian consumer -price

| index16 At may ‘be noted from Table 12. that, from 1977\ onward,7 the number of licenses

s

L= ’ = b

15 Based on personal conv ersatJon with Richard Jacobson, Head ‘of Shellfish D1v1s1on

"Department of Fisheries and Oceans, Vancouver, BC

16 Catalogue Number 62-010, Stansths -Canada. )
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exceeda the number of veésels. When limited entry was introduced in 1977, abalone licenses
were issued to individuals with the restriction that the licensee must place the license upon a
Ivessel in which he was the major owner. No explicit restricitons were pgce\d on the ntrmber
of licenses per vessel. Although lieenses were deemed nontranaferable, it became possible for
an individual operator to accumulate more than one license by "leasing” licenses from those

operators ledving the abalone fishery.

' Table 13 summarizes ‘the‘ operating costs incurred in the abalone fishery for the period
1975 1o 1985. Fuel, oil and grease costs (FOG) have been calculated in the same manner as
the other vessel-associated costs in Table 12, but have been indexed accerding to the
'Vancouver price. index for motor gasoline.!’ |

S )

FOU = a,b FOG] + a;b;FOG; + a3b3FOG3

Divers and tenders ‘are paid on a share basrs w1th the former generally recervrng
between twenty and thirty percent of the total landed value of abalone and the latter
_ between f' ive and ten percent_ It is assumed that- each vessel employs one tender regardless
of the number of divers participating in the vessel’s ﬁshing operation. The vessel’s- crew,
therefore receives between_twenty—ﬁve and forty percent of the landed value.!* By taking the
midpoint of this range,‘avera\ge labour costs per vessel (LC)L in (1981) constant dollars have
been estimated at 32.5% of average landed value per ve§eel per year:.

= (325LV)/N ' , | .
where,
LV = total landed value per year in 1981 constant dollars;

N = number of vessels partieipating each year.

Note that the series for the landed value of abalone has beep taken from ‘colnmn 3 of

’

17 Catalogue , Number 62—010’ Statistics Canada.

* Based on personal conversatinn with Kevin Bates Department of Fisheries and 0ceans
Prince Rupert, B.C. - -
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Tabie,, 7. This series has been deflated according to the Canadxancbngumer price index. It is f
unecessary, therefore, to deflate the labour cost series. It is also impbrtant to note that this

series does not include a return to the vgssel ‘owner.

As a proxy for allocating prm?isionsk per vessel (P) to the abalone fishery, the
proportion of fishing days spent in the pursuit of abalone has been employed:
P = afiP, + a;f;P2 + a,fiP,
where,

fi, f,, fy = average proportion of fishing gla'ys attributable to abalone _ for each vessel category.

The series for provisions has been deflated according to  the Canadian consumer price index

for food.”

Columg 3 ;é)f Table 15 provides * an estimgte of the labour qf;portunity costs of abalone
lﬁshi‘ng (OPI;) to the vessel 6wner/bperator. In addition to the direct monetary outlays
reqﬁired for operating éxpemes, m; cost of ﬁshing also includes some measure of fqregone‘
alternatives. This has already been accounted for in the estimate of fixed costs in column 1
of Table 12 whjch reaords the average opportunity cost }of ﬁ1e vessel and ; g;ar. Fishermen
also incur an opportunity cost in terms of fpregc;}le earnings from alu;:mati\?e eﬁpldyr’nem. In
order for abalone ﬁsh~ing‘ 10 be worthwhile, the returns frorﬁ fishing must cover that which

could be earmned by an individual in his best :alpemative form of empldyment in addition to

the other costs of fishing. At this point it is convenient to distinguish between divers and

¢ -
PN

‘.vessel owﬁer/operators. Specifically, the vessel owner/operator hires divers to cgllect‘ aBalone
and compensates them with a percentage of t-.hg landed 'value of abalone collected by 3
individual divers. Although‘ the vessel owner/operator may- also p;.rticipate in thé abalone

‘ diving, it is assumed that he is not cbmpensatedé in this manner. Rather, his compensation

. takes the form of proceeds over and above the total costs of fishing. “ Opportunity costs have

already been implicity accounted for in the case of divers. That is, divers must be earning

¥ Catalogue Number 62-010, Statistics Canada.

-
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Table 13: Average Operating Costs Per Vessel in the British
Columbia Abalone Fishery, 1975 - 1985

Ve (in constant 1981 dollars)
Y . (2) (3)

S . , Fuel, oil and /

_ Year . grease (FOG) Labour (LC) ' Provisions (P)
1975 824 3,538 ~ 1,045
1976 911 10,366 1,073
1977 ’ 1,015 42,525 1,163
1978 . 1,079 30,583 1,343

- 1979 1,176 19,160 1,519
1980 . 1,424 : 9,751 1,683
1981 1,966 11,946 1,874
1982 2,295 . 9,299 ’ 2,010
1983 2,544 6,100 : 2,085
1984 2,725 8625t 2,199
1985 ‘ 2,928 7,050 ‘ 2,264

{
-~ .
Source: Cost and Eamings Survey, 1982, Department of Fisheries and Oceans, Vancouver, B.C.

. » ? N R
at least as much in the abalone fishery as they would in any other form of employment

ravailable to them. The labour costs recorded in éolumn 2 of Table 13 thus include

compensation for divers' foregone alternatves. However, these costs must be explicitly derived - .
for the vessel owner/operator; failure to do so would overestimate the benefits he derives
from fishing.?’ .‘

: V'The British Columbia -abalone fishery is a part-time fishery. That is, most paﬁicipants

also engage in ﬁshghg other species. It is reasonable 1o presume, therefore, that the vessel
- ' .

owner’s opportunity cost of fishing (‘abaloné' is the income he could have eamned by -fishing

some other species. ' It is necessary to derive an estimate of the value~of this foregone

income. Table' 14 provides the information required to derive a proxy for the opportunity

2 As noted by Copes (1986b: 11), other components of operating costs also have ‘an
opportunity cost. Fuel’ and other supplies, for example, have been removed from their \»
- potential use elsewhere in the economy where they could have contributed to increased
production. An accurate account of total social costs incurred should include all foregone

- alternatives.
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cost. ' r ’ . N ,f,,,,,%

In 1981, the average‘ employrhent income for full-time, full-year workers in fishing,
wrapping, and related occupations in British ,Columbia was $17,300.2' In bi'der to estimate the
average employmentv income for the remaining years in the 197?1985 period,\ the use of a
proxy is required. Table 14 records the total landed value of fish per fisherman in British
Columbia —from 1975 to 1985 Assuming a constant proportion of part-time and full-time
fishermen, and a constant prqportion of the landed value allocated to the cost of fishing
over this period, it may be expected that the average fishing income in British “Columbia
fluctuated in roughly the same. manner as did the landgd value of fish per fisherman. That
is, the proportionate change in average employment income between 1981 and another year in |
the series spould be approximately equal to the proportionate change in the landed valué of
fish per fisherman between 1981 and that same year. Thus, the series recorded in column 1
of Table 15 has been derived by applying to the 1981 average fishing income of $17,300

the proportionate changes in landed value per fisherman relative to the landed value in 1981

The estimated labour opportunity cost to the vessel-owner of fishing ;balone is given
in column 3 of Table 15. Its derivaton assumes a work-year of 240 days (ie. 11 month‘
per vear and S5 days per week). Consideration must also be given to the -fagt that bLﬁe .
abalone fisherman allocates a certain amount of time to activities, in addition to ~ac@
fishing, that are necessary to the operation of his ﬁshiﬁg enterprise. For example, the repair
and maintenance of the vessel is vital to an individual’s operation. To exclude the time spent
on such activiies would underestimate the proportion of the year attributable to abalone

fishing and, therefore, underestimate the opportunity cost to the vessel owner. A crude

approximation of the tme allocated to these supplementary agtivities is equal to that of

21 1981 Census of Canada, Catalogue No. 92-930 (Voll), Statistics Canada.

2 Volumes 9 - q18,“>Canadian Fisheries Annual Statistical Review.

{
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Table 14: Total Landed Value, Number of Registered Fishermen, and
Landed Value per Fisherman in the British
Columbia Fisheries, 1975 - 1985
(recorded in thousands of constant (1981) dollars)

(1 (2) (3
) Landed value per

~fotal landed Number of | fishermen in
: value in constant registered A constant
Year ' (1981) dollars - , fishermen (1981) dollars
1975 " 142,960 : 12,5718 , 1137
1976 , 247,640 : 14,018 1767
1977 , 270,680 13,753 - 19.68
'1978 351,250 16.785 ©20.93
1979 . C 421,790 19,384 ~ 21.76
1980 203,890 . : 18,871 10.80
1981 236,200 17,454 13.53
1982 218,600 ' , 17,298 12.64
1983 181,870 .. 17,061 - 10.66
1984 193,060 ‘ 16,770 . : 11.51
1985 298,510 18,168 16.43

Source: Canadian Fisheries Annual Statistical Review, Volumes .9 - -18.

%

actual fishing.” The estimate of opportunity cost has been derived by performing the
following calculation:
OPP = (2AD/240N)(AEI)
where, |
A OPP '= labour opportunity cost to vessel owner of fishing abalone;
AD = number of abalope-days;
N = number of owner/operators which is idefflical to the n(umber of v}essels; ‘ -

AEl = é\/erage employment income for fishermen in British Columbia.

& n";’

®  Based on personal conversation with Richard Jacobson, Head of Shellfish: Division,
Department of Fisheries and Oceans, Vancouver, B.C.
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Table 15: Estimated Average Fishing Income, Pércentage of Year Engaged in Abalone Fishery,
and Estimated Opportunity Cost to Vessel-Owner
of Fishing Abalooe in British Columbia, 1975 -1985
(recorded in 1981 constant dollars) -

(D ' (2 (3)

Proportion of year Labour

Average allocated to the opportunity

employment abalone fishery - cost of vessel

Year income (2AD/240N) S owner/operator

{

1975 ~ 14,538 18.29% 2,659
1976 22,594 22.36% 5,052
1977 25,164 44.13% ' 11,105
1978 ' 26,762 39.03% 10,445
1979 27,823 33.90% 9432
1980 13,809 30.50% 4,212
1981 17,300 30.28% - 5.238
1982 16,162 20.98% 3,391
1983 13,630 21.67% 2,954
1984 14,717 30.26% 4,453

1985 21,008 28.39% - 5,964

Source: 1981 Census of Canada, Catalogué No. 92-930 (Vol. 1), Statistics Canada.

Further discussion regarding the estimate of labour op;;onum'ty cost to the abalone
vessel owner/operator is required. Included in Lhé series for average émployment income of .
fishermén in column 1 of Table 15 is the averaged income of highliners, average fishermen.
and marginal ﬁshermeni Highliners earn a large amount of producers’ surplus whereas
marginal fishermen earn a negligible income above opportunity cost. In order for the average
employment income of all fishermen to reasonably correspond to the foregone alternatives of
the average abalone fisherman, it must be assumed that the distribution of. skills in the
abalone fishery is the same as that for all Briu’sh Columbia fisheries. Under these
circumstances, the average abalone fisherman has the equivaleht skills to an average British
Columbia fisherman. Additionally, it must be assumed that in wansferring to another fishery,
the average abalone fisherman will acquire the same level of skill relative to other members .
of the new fishery as he had acquired in the abalone fishery. |

r’;"\-
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‘The use of average employment income of all British Columbia fishermen as a proxy
for the opportuni'ty cost of the vessel owner/opérator “in the abalone fishery implies that
fishermen are perfectly mobile between fisheries. In reality, however, there are institutional
impediments to the mobility of fishermen, in the form of ':van'ous limited entry arrangements
in British Coluﬁbia ﬁsheries. Nonetheless, it is assumed thal by leasing his abalone license,
an abalone. fisherman is able to use the leasing proceeds to buy his -way into another

fishery.

Table' 16 provides a summary of total costs in the Britsh Columbia abalone fishery,
where each series hag been aggregated as follows: |
TFC = N(AFC) + L(LF)
TOC = N(FOG + LC + P + OPP) >

TC = TFC + TOC

where,

TFC .= total fixed éoés; o .

TO,‘C = toul 0perau'hg COSL;

- TC = ol costs incurred in Lﬁe :ﬁ."sh‘éry; X . .

AFC = average towal fixed costs gxcluding‘ license- fees; |

L = number of licenses; ! ' ’
.

LF = license fee per vessel. - : .

Having estimated a cost series for Lhé abalone fishery, it .i5 now possible to obtain a
cost curve. Embod;ed in the ~louil cos‘gs of fishing abalone are fixed COSE(S and variable cmﬁ.
It is onlvy the latter thé.ot will vary with effort. The revenue nc;urve illusna.;ed‘ in Figure 2F is °
a reproduction lof that shown .in Figuré 20. Recall that the derivation of the longb nn
revenue curve involved th‘e asSumption of 'a constant price of abalone Whicl; was taken to’.be ’

th‘e'qaverage price for the years 1982-1985. A similar assumption is necessary in order to

obtain -a long Tun cost curve for the abaione fishery. Specifically, it shall be assumed that

°
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Table 16: Fixed Costs, Operating Costs, Total Costs and Total Cost per Unit of Effort
in the British Columbia Abalone Fishery, 1975 - 1985

(recorded in 1981 constant ‘dollars)

() @ ... O @)y

Total oo Total

Total 3 operating ) Total per unit/ of

Year fixed costs . : _ costs Costs © effort
3 ? .

1975 114744 169,386 284,130 © 367.43
1976 255635 748,286 1003921 648.43
1977 149069 1227776 1376845 1,053.89.
1978 178,417 , 1,086,250 1,264,667 92763
1979 196,748 782175 978923 769.10
1980 212,850 426750 639,600 466.39
1981 226,624 504.576 731200 f 578.64
1982 225168 373890 - 599058 . © 67489
1983 231,55 301,026 , 532,578 \ 526,27
1984 183,336 288,032 471368 495.75
1985 192,226 291,296 ‘ 483,522 534.49

the variable cost of abalone. fishing per unit of effort is constant The supposition that all
units of effort are obtained at equal cost generales a prmportjona]'relatjonship between effort
and variable cost. Thus, an increase in effort by one abalone-day will increase variable costs

by a given amount, regardless of the level of effort being exeried at the time.

Fixed costs include vessel-associated costs, accounting fees and license fees. All but the
license fees vary in direct proportion to the number of vessels in the abalone fishery. It ds
assumed that the number of vessels]participating in the fishery will remain stable at sixteen
and the number of licenses stable at twenty-six. Note from Table 12 that the average fixed
costs per vessel have been steadily increasing. Therefore, an average over the last four years

is not indicative of fthe current state of fixed costs in the fishery. It is preferable to take

the last available ohservation, that of $11,759 per vessel in 1985, The historical upward

movement in average fited costs implies that even this figure may be downwardly biased for

future use. This may b9e offset, however, by a historical improvement in the terms of trade

82
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for fish relative to other products. Thus, in terms of the extent to which thrs ,mc,,;;%
analysrs reflects the current state of the ﬁshery both the -long run revenue curve and t.he -
vertical intercept wof the total cost curve (whnch reﬂects total ﬁxed chsts) are lrkely to be
downwardly brased The $20000 llcense fee has not been revised since it was ﬁrst mtroduced
in 1977. In real t.errns therefore, license fees have steadrry decreased. If the nommal fee is .
to q;emam at $200.00 then the use of the 1985 hcense~fee recorded in" constant (1981)
dollars overesumates real hcense fees for fumgre years. However thisv :latter bias can be
consrdered msrgmﬁcant because hcense fees consutute ‘a very small proporuon of total ocosts.
Thus, the total fixed costs currently lncurred in the Bnush Columbla abalone fishery have _—
been estimated by perforrmng the followmg calculauou . R h : |

(AFCXN) + (LFYD) = TEC
(S1LIS9K16) * (S157X26) 4 s192,226“ | |

¢

" This figure represents the vertical intércept of ‘tbe ~fotal. cost - curve.

¢

» -

7The slope of the wotal cost curve‘ 'depdnds upon the way in which total operating costsl
“vary with effort Column 4 of Table 16 records the operatmg costs per abalone—-day from
1975 to 198‘3 There appears to be no specrﬁc hlstoncal trend in these ﬁgures Recall that in
deriving the total revenue curve, t.he average pnce prevarllngr from 1982 to 1985 was
"employed. It is reasonable, therefore to take the average vanable cost per umt of effort over
the last four years. That is, cost as a function of effort i assumed constartt at $557.85. per
" 1bajone—day It ;is now. possible to plot the cost chrv.e as  a, ‘function of .éffort- as .is
1llustrated in Frgure 21 | | ‘
It is worthvvhile reviewing the situatior‘r'which is rebresented in Figure 21 Note that "~
the honzoma] ‘axis’ measures adjusted effort in abalone—days Thus, movements;a.l‘ong "the )
' revenue curve to the nght redresent changes m sustamable Tevenue resulting from mcreases in
the number of abalone-days ﬁshed by skilled ﬁshermen who employ both vessels w1th arrk
- compressors and freezi-ng Systems and skilled drvers, and who explo_w areas with -whrch they

¢
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-are completely familiar, Similarly. movements along the cost. curve 1o the -right - Tepresent -——
changes in costs as effecme effort is increased. It can be noted from column 5 of Table 5
that. the adJustments to actual effort in denvgpg effecnve effort remained unchanged from
1980 to. 1985. Therefore, the practice of taking the average of costs over ‘the last four years s
“-results in a cost per unit -of effort fha; is compatible with adjusted effort levels.
Maximum Economic Yield | |

It is important to note that, with the exception of - license fees, the foregoing analysis
- has - neglected'htd account for t.h; Ccosts incurr;d in managing 6r regulating the ‘ﬁshery. It
remains expedient to continue to ignore these costs for now and lo assume that the
estimated cost curve in Figure 21 reflects the "true” cost function for the British Columbia
abalone fishery. Management costs will, however, be considered in the following section of
the paper. It shall also be initially assumed that all fishing units are 1denucal and earn no

profits in excess of normal returns to capital and labour.

9

Proper use of a fish ;stock requires. t.hal resources utilized to exploit the stock are
allomted in" such a way that the net benefits ‘availal)le to society are maximized (Anderson,
1977: 32). Economic Lheory - dictates that this. mammum is"attaine‘d when the marginal revenue
of effort is equals to the ma:gmal cost of effort. leen the cost and revenue conditions
deglcted in Figure 2}, Fappears t.hat rents are maxxmlzed when the effort associated with
ap;ar_oximatel’y 300 abalone fishing-days is expyendecl. Maximum econormc rent then amounts to
the distance labeled DE, or approximately $120,000. anslder, 'ho'wever, what is embodied in
_ the area labélled CDFEC in Figlue 21. Profits .generated in excess of total costs include both.
a return (o lhe resource itself and above normal ;eturns to the fishing operatioiL Recall that, -

in calculatihg. the total cost of ﬁshmg the opportumty cost of capital and of ' the

owner-operators’ labour was included. Thus area CDFEC embodles resource rent’* and

24 Resource rents refer to the excess of revenues OVEr cOSts calculated at marginal ‘
oppcrtumty costs (Copes, 1986b: 9). :
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producers’ surpius (Copes, 1972: 152°155). The latter potentially arises whem “an asumption —

made earlier in the analysis is dropped. Speciﬁmlly, it was assumed that all fishing units are
\identical‘ and that no intramarginal Tents - are eamed. The likelihood that skills vary among
owner-operators is now addressed. The eamnings .of fishermen will depend to a blarge extent
upon the degree of skill they have attalned. A “highly skilled fisherman is likely to eam

jncome in excess of his opportunity costs, but even the most 'poorly' skilled fisherman is

‘likely to rTecover in net earnings an amount that is at least equal to his opportunity cost. If -

the latter did not hold, such a fisherman is apt to eru’t the fishery. The excess of a skilled
fishermen’s net earnings over his opportunity cost can be considered a rent in the form of
producers’ surplus. It is not possible, however, 10 disu'ngush what portion of area CDFEC

may be attributed to the producers’ surplus of owner-operators, and what poriiOn to resource:

rent. ' : fo T
WL

Implicit in the cost curve of Figure 21 is a very important component of rteturns to

the fishery that has not vet been addressed. Specifically, no'ni?enu'on“ has been ‘lIlladé of the .

producers’ Sul'plus of divers. Recall that divérs in -the abal‘one ﬁshery are’ pmd »on a. share""

basrs That is, each diver receives between twenty and , thrrty percent o£ the landed value of

the abalone he personally collects. Tﬁe earrungs of mdrvrdual drvers also depend 0 a large
1,
extent upon the degree of skill they have attarned. The excess of a skilled drvers earmngs

over opportumty cost constitutes a pomon Qf the total producers surplus generated }r the:

P -

abalone ﬁshery Above normah returns to drvers have, however, been mcluded in “the ° total

'cost curve. If the area between the total revenue curve and thé total cost curve is to reﬂect "t

[

total rents earned in the ﬁshery these above normal rerurr's to divﬂers must be subtracted

frorn the total cqst curve.; In order to determme the magnitude of these’ above normal -
4

<. *
returns, the .opportunity cost of diving must be ascertamed.

¢ .

™
Lok P
LY ¢ 3

It is »probable that most of the divers employed in the abalone fishery are non-union

divers .without ‘any specialized ~ skill .siich as underwater construction. Such an individual




> .

generally Teceives between twenty and thirty dollars an hour for diving services.”*- From 1982
to 1985 there was an. average of twenty-eight divers employed per year in the "British

Columbia abalone fishery.** The average total annual payment to divers from 1982 to 1985

was approximately twenty-five percent of_: the landed value of abalbne. or $il3,381 (in (1981)
constant dollars). The divers’ foregone hourly wage  in (1981) cénstant dollars*” is between
$1590 and $2385, the average of which is SI988. Recall the earlier estimate that
supplementa:y' activities such as vessel maintenance and repair required the same input of

time as did actual fishing. It is assumed that it is only the vessel owner/operator that

_ undertakes these’ supplementary activities and that divers are concerned only with the actual

collection of abalone. A "diver—hoﬁr" includes time spent travelling’ from site .to site } as- well
as actual diving acﬁvity. There was an annual averaée /o'f 1900- diver-:hours employed in the
abalone fishery from 1982 to 1985.", This information allows th? approximation of the total
opportunity -cost for divers by taking the product-of the averagét hourry alternative wage and
the the number of diver-hours employed. This results in an estimated annual total
opportunity, ~cc%§@&1mving in the abalone fishery of $37,772. This estimate in turn allows the
calculation of | divers’ prqducers’ surplus in the rabalo!ne fishery. Subtracting the above
opportunity cost from the 1982-1985 average of total diver-eamings results in a rent in the
form of divers’ producers’ surplus of $75,609 J(in constant 1981 dollars). This rent will, of

course, fluctuate with changes in the landed value of abalone and changes in the opportunity

" cost of diving. Assuming that the proportion of landed value to the opportunity cost of

diving remains relatively constant, and also assuming that the number of -aiyers employed
annually “does not change significantly, it is possible to derive a reasonable_estimate of the

averaﬁe " divers’ producers’ sufplus obtained per unit, of effort Table 2 indicates -that the

** Based on ielephbne éohversation with representative of All Sea Enterprises ILtd., Vancouver,
B.C. ' : :

% Unpublished data, Department of Eisheries and Oceans, Vancouver, B.C.
77 Deflated by Canadian consumer price index, Catalog{le No. 62-010, Statistic Canada.

?*  Unpublished data, Debartment of Fisheries of Oceans, Vancouver, B.C.
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average number of abalone—days fished per year from 1982 to 1985 was 563. Dmduxg this \/

figure into the estimated producers’ surplus results in a rent per abalone-day of 3134.30 Ttus'

rent is one of ghe considerations that reﬂects the profitability of the abahme fishery, and. .
//\tsshould therefore :bc included in the analysis as a net benefit Specifically, the divers’

producers’ surulus should be either added to net benefits or subtracted from variable costs.

The latter is the more correct approach, since producers’ surplus is not a cost but- ratt;ér a

component - of —economic rent. Prior to accounting for divers’ producers’ surplus, a oonstantcost

per unit of effort of $557 85 was estimated. Consideration of diver-rents reduces this’ ﬁgure' -

to $423.55 per abalone—day. Figure 22 iilustrates the revenue and cost curves after this

revision has been effected, and implies a maximum sustainable rent of approximately $150,000

at 370 units of effort.?’

The essential difference between the cost curves illustrated iu Figures 21 and 22 js that
the former is derived with the in;plicit assumption that all divers are identical and marginal.
That is, all divers were assumed 10 earn a return in the abalone fishery that exactly offset
their opportunity costs. The derivation of the cost curve in Figure 22 does not rely on this
assumption. The estimated averagé producer’s surplus going to divers has been su‘btractcd' from
the total variable cost of fishing. Thus, the distance HJ in Figure 22 refers to maximized
resource rent and producers’ surplus of both owner-operators and divers, whereas Lhc distance
DE in Figure 21 is representative of the 3t masumum sustainable resource rent and the

producers’ surplus of owner-operators alone.

» (Clark and Munro (1975) advocate the use of a dynamic model in order to determine the
maximized present value of returns over time, which in rurmn implies selecting an optimal
stock level as a function of time. Such an analysis, through the applmtnon of a social
discount rate, properly takes into account the likelihood that fish consumption today is more
valuable than fish consumption tomorrow. At the same time, however, proponents of the
dynamic model often assume a constant price of fish for the sake of simplicity. Historically,
there has been and continues to be an improvement in the terms of trade for fish relative

1o other commodities. Thus, the reduced future value of fish resulting from the application of
a positive social discount rate may be offset by the real appreciation in the value of fish.
Relative to the dynamic model, the analysis prescnled here is inferior in its neglect of the
social rate of time preferences but superior in that it is likely to come closer to reflecting
the discounted value of revenue over time.
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Long run revenue and cost in thousands of dollars
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The Schaefer model defines the intersection of the total cost and total revenue turves

[ A,

as open-acces ethbnum. Consider points C and G in anures 21 and 22 respectwely It is
important to recogmze that neither of these points are representative of an open-access
equilibrium. Recall that the rotal cost curves' in bottr diagrams have 'been derived ror a
ﬁshery in which restricted entry has been imposed. Thus, movements along the total coet
curve result from variations in the level of effort | on the part- of existing vessele. In the
. Schaefer model of an openQaccess fishery, movements along the total cost curve occur when
leng-mn effort is ?A‘ by an expausion or contraction in the number of optimally-sized
vessels. Additionully, the Schaefer model assumes that all fishing units are. identical and
marginal; thus, no intramarginal rents are generated. The " intersection of the total cost and

total revenue curves in the Schaefer model is, therefore, associated with the level of effort at

which all resource rents are dissipated. Pofnt G in Figure 22 corresponds to a case in which

resource rent. plus producers’ Isurplus is completedly dissipated This is a situation which is
never lrke;y to obtain. When ﬁshermen in total exert 780 abalone—days worth of effort, the
resulnng sustmnable revenue is precrsely offset by total costs, which include opportunity costs.
That | rs, both resource rent and producers’ surplus are zero. Recall that it is the average
produeers’ surplus which has been deducted from the original cost' curve. Given no change in
“the relalive ekill levels of fishermen, if this average is to sum to zero, it must be the case
Mﬁrat- rhe producers’ . surplus realized by intramarginal fishermen is exactly offset by deficits
_ incurred by submarginal units. As mentioned earlier, any fishing "enterprise that does not
recoup, on average, at least its opportunity cost, can be expected to eventually exit the
fishery. Therefore, the situation at point G is not sustainable and, consequently, cannot be an
equilibriurn. * | |

Now consider the total cost curve labelled TC, m Figure 23. 7D‘Yeﬁ»ne this to the total
cost curve that obtains when above normal retumns to ‘Owner-operators and divers are included

in the cost calculation. TC, and TC, are simlly reproductions of the cost curves illustrated

in Figures 21 and 22, respectively. TC, cannot be derived explicitly A¥itlrthe available data,
L - t." -
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Figure 23
Compcurlson of Cos1L Curves
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since it is not possible to empmcally dxstmgmsh between owner—operators producels surplus

and resource rent Suppose, however that this had been pos31ble and that .TC, is generated
by subtractmg the above normal returns to owner—operators from the cost curve labelled TC,.
Then area KLK represents resource rents alone, and point K corresponds to a situation m‘

which all resource”rents have been dissipated.

If only vessel numbers are- limited and there are no further restrictions on catch or

effort, there exists a tendency for the fishery to converge to point K. If all vessels acting

“together exert a level of effort which is less than approximately ‘465 days, resource rents will

be generated. The existence of such rents will encourage existing vessels to expand their

<

effort in order to appropsiate a’ portion of these rents.

Although the absence of further effort resm'cu'ons is unlikely to result in the complete
dissipation of resource rent and producers’ slxrplus, it is equally un,like]y‘ that such a regime
could lead to the opﬁfnal‘ solut.ion Although the analysis now allows for the coexistence of
marginal and intramarginal fishermen so that the existence of producers’ surplus is recognized,
Tesource Tents may continue to be dissipated in this type of fishery. Individual fishermen are
powerless‘ to exert co?uol over fish stocks; therefore, no one fisherman is personally
motivated to conserve Or enhance the resource since the expense incurred by doing so will

yield him a: negligible return. Most of " the resulting additions to catch or improvements in

returns would accrue to other fishermen (Copes, 1981: 113). -

There rtemains yet another societal benefit typically generated by any economic activity.

Consumer surplus is the value of | fish to consumers over and above purchase price (Copes,
1986: 9). ‘Orclinarily, the pursuit' of optimum social benefitsr irlvolvés the maximization of
combined resource rent, producer surplus. and consumer surplus. Howel'er, since the majority
of abalone harvested in British Columl)ia 1S Yexported to Japan, thé potential social benefits
domestically available in the form of corleumer surplus can be considered negligible. Certainly,

the rationalization of the British Columbia abalone fishery does not include as an objective
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the maximization of consumer surplus to the Japanese.

It is evident from Table 9 and Figure 23 that cumrent levels of effective effort of

.

approximately 872 abalone-days applied to the ~abalone stock are far too high. Long-run

deficits are being incurred and, as is evident from Tables 7 and 16, there are also short run

P ) - )
deficits in evidence. However, since the average vessel is recovering an amount in excess of

variable costs, one does not observe a definite trend of exit from the fishery.

It is Tx@'\mt to emphasize once again that the cost curve illustrated in Figure 22 ¢

doeé not include the costs of managing the fishery. Such costs must be subtracted from  the
resource rent component of the excess of revenues over costs. in order to calculate Vnet social
benefits.. The extent of managemem‘ costs depends, of course, upon the type of regulatory
qrcigzxvhe béin?TGﬂowed. Tl;}c discussion of alternative management schemes in the next section
undertakes to qualify‘ the effect on t.hé posin‘on\; of the cost curve under different regulatory

arrangements,

The, _absence of property rights over fish stocks negates the possibility of individual

fisherman correcting the reveng&/ggst squeeze that is related to excessive exploitation of the
resource (Copes 1978: 48). 7It is only through collective actione at the industry level that
attainment of maximum ecdnomic yield is possible. Although such action has been undertaken
in" the British Columbia abalone fishery, the preceding analysis indicaies that economic rents
are ;far from being maximized. "rindeed, t.he‘ cdst and revenue estimgtions of this analysis
indicate that the British V‘Columbia abalone fishery is presently incurring \5\.19ngf;mn deficit at

point Z in. Figure 22 which corresponds to an effective effort level of 872 Qbalone—days.r It

is evident that the qudta for the fishery is not excessive since the present cateh level

e

approximates that compatible with maximum economic ‘yield. What is required, however, is a

significant reduction in the application of fishing power.
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The conclusions drawn in the .foregoing , analysm indicate the desirability for the
regulétion of commercial fisheries, It is assumed that the ultimate goal of rationalization in
| the British™ Columbia abalone fishery ehtaﬂs the maximization of the socially oetermined het .
benefits denved ﬁ'om theé Tesource. Owing to the absence of fully defined property nghts to
the esourc% social costs and benefits do not always converge wuh pnvate costs and/ beneﬁts
I:(‘isherm-en do not generally take ifto 'account the effects of their. actions beyond their own
individual operations. Consequently, the private costs of fishing _incurred. by“ an individual
vessel may be less than the cost which the kﬁshery as a whole incurs ﬁoro the operations -of ‘
that vessel. This phenomenon will be elaboréted upon as the; discussion continues. For now, .
it is important to recognize that the relevant variablee ‘10 be  considered in fisheries

management are the social costs and benefits of fishing,

Unfortunately, it is often the case that a socxa):é cost-benefit analysis generates qmbiguous
results. This is primarily due to a complication that typifies much of welfare ’econorm'cs -
that of incomparability of values among differeg\t individuals. For example, it is very difficult
1o determine the value that one individual or community derives from a particular fishery
relative to another individual or community. Moreover, it is even more difficult to measure
such values. In addition to the pecuniary benefits originating. from ﬁs;ing activity, there are
also non-pecuniary benefits that are importaoL‘ A "true" social cost-benefit analysis would
take into ~account such non-pecuniary benefits. The implementation of policy based on an
analysis that has neglected- to do so can often cause meparablc socxal damage. Consider, for
example, the possibility of an Indian food fishery generating greater monetary net benefits if
it ‘was converted to a commercial fishery. Failure to also account for the significant social
costs involved with the loss of a fishery to an Indian community wouldl not satisfy the
Vrvequirements for social optimization. Owing to disagreement among economic analysts regarding

the proper method of measuring non-pecuniary social costs and benefits, such factors are
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often treated as consﬂmgts rather than components of the objective function. This paper takes

a smnlar approach That is, the long—run net monetary social benefits from ﬁshmg repment

the max:muahon objectwe Subsequent consideration is - then glven to incommensurable costs -

and beneﬁts if -such factors are of relevance. The generauon of an optunal monetary return

to society involves the consideration of the following subsidiary goals (Pearse, 1982: 4-6).

First, ﬁshenes pohcy must ensure that the ,resource is properly protected.

Overexploitation may lead to severe resource depletion, thereby greatly reducing the long—term

commercial re_venues potentially available from the resource. An additiona.l adverse effect‘ of 7

stock depletion involves the loss of incommensufable benefits that . accrue to society through

recreational activities' or the mere existence of the resource itself. The avofdance of stock

depletion will generally be achieved inad@ertently along wnh the maximization of ' net

monetary social benefis. Thus, it need not be given explicit attention. -

V\/

A second oconsideration is that of economic efficiency in commercial exploitation.

Long-run rent maximization in the fishery entails the employment of input configurations that .

minimize the costs of fishing for the fishery as a whole. Any other form of :resource

allocation involves a waste of resources and a subsequent. loss to society. Crhtchﬁeld (197"5:

- 743) has identified the followingr elements as nécessary  conditions | to achieving this

rationalization objective: ‘ : : o lk"

1 Production shguld -be organized so as to kattain that levei of catch “at which vk the
marginal social value of the harvest is equated to the incremental ‘social cost (including
management Egﬁs) to take the catch. This equality also entauls that the catch be of

R

optimal size or age composition.

2. Economic efficiency ;ecessitates a particular cohﬁguration of vessel-gear—fishermen units
to minimize the aggregate real cost of taking any given catch.

3. Optimal fleet deployment is attained when no increase in yield or decrease in cost can

be achieved by altering the area or time fished.
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Any polxcy of fisheries management that ‘causes a substitutlon away from the optimal

oonﬁguratlon of ‘inputs of ptoducuon is inconsistent With Tent maximization.

— - Owing to rapid- changes m resource abundance, in markets, and in ﬁshmg technology
and effort, any proposed ﬁshenes policy should involve ﬂexibihty The inability of ‘a
partlcular regulatory regime to adapt to changing circumstances is likely - to generate social

T ~

 losses.

A fourth consideration is that of administrative simplicity. A management regime that is
complex = to -administer is also likely to(:ﬂbe costly. Specifically, a regulation that is in

. L J
consonance with the p\ﬁvate incentives of /\ﬁshermen will be less costly to 'enforce than one

which is in conflict with fishermen’s incentives,
3

The extent :of economic returns to the fishermen themselves must be carefully examined.
The fact that the ocean’s TESOUTCes are Common property, suggests that society as a whole
should share ‘in any benefits obtained from the sea. It may then be undesirable for
fishermen to earn ~excessive” proiit.s. The term “excessive” requires clarification. Economic
theory generally maintains that efficiency is served' when competitive firms earn zero economic -
profits. There is no justiﬁoatjon, however for the govemment, acting on society’s behalf, to
appropriate producer surplus. Producer surplus is a "quasi-rent” accruing to fishermen who
are able to harvest the resource at a lower cost than marginal fishermen. It is a return that
derives from the efficiency of ‘intra-—marginal -ﬁshermen, rather than from the i'alue of the
common property resource. Only resource rents are potentially available for redistribution to
society in general, although the resource rent and the producer surplus combined rep‘resent#
the maximization objective. Extraction of all of the resource rents by taxation or license fees
implies that marginal fishermen would earn a return that just covers their opportunity costs\
of fishing. In many instances, however; the opportunity costs of ﬁshermen nre very low, and

earning that are restricted to that level are often socially unacceptable.
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In Canada, the level of miﬁ!‘tlilglr'g‘lgrji?’f incomes are of particular concern on the east coast,

where earnings from fishing activity remain low for a majority of full-tirffe fishermen '(Kirby,"

'1982: 309). A primary policy objective for Atlantic fisheries is that “"employment in the
Atlantic ﬁsliing industry should be maximized subject to the const;aint that those 'érﬁployed
receive a reasonable income as a result of. fishery related aéﬁviﬁes . . ." (Kirby, 1982: 309).
The level of .ﬁshing earnings among wes{-coast fishermen is also an important priorjty in
fisheries management. An immediate objective of the Davis Plan of 1968 was to increase the.
earning power of British Columbia salmon fishermen (Pearse, 1982: 79). It is clearly in‘ -the

Canadian interest that fisheries managers find a balance between "excessive" and "inadequate”

fishermen incomes.  \

1t is difficult to determine whether or not the estimates of opportunity cost derived in
Part D of the thesis can be considered reflective of "adequate” incomes. Recall thaf the
abalone fishery is a part-time fjshery for the majorify of participants. Given, the available
information, it is not possible to define "adequacy” because it is not’ known what proportion
of the year -marginal fishermen allocate to fishing abalone, nér is the value of their total
employﬁtq{xt income known. Given that the improvement of fishermen incomes is an objective,
however, and’ giver; the availability of the required information, adequacy of earmn_g; can be
achieved through the redistribution of maximized resource rent\ to those fishermen in need.
Thus, the improvemént 7of fishing incomes .need not cénﬂjét with the broad goal of
maximizing returns to the fishery. It is simply a ‘matter of " redistributing rents to.ﬁshermen,

after <long-run benefits have been maximized.

It is importaxit to note that there may often be trade-offs in the fulfillment” of the
above subsidiary goals, as under many circumstances the \goa‘ls have conflicting objectives. It

\ -
and concurrently

may .-be very difficult, “for example, to maintain admihistrative simplicity
impose flexible regulations. It is necessary, however, to determine that mix of ﬂexilﬁmy” and

_ simplicity that maximizes the returns from the fishery.
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As mentioned ear)ier strict adherence to the attarnment of the abeve goals is not

f‘

necessarily - socially d,ésrrable There may be a number of constrarnts to the obJecnve of
maximizing the net’ monetary benefi ts of a ﬁshery In " Canada, one very unportant constraint
assocrated wrth fi shenes management is that a policy . be consrstent with the s0c1a1 and ,\
cultural  values of those groups most affected by such a pohcy It is politically desirable that
the special needs of coastal commumtres and the unique dependence of Indians on fish for

nutritional needs and cultural activities be seriously addressed.

A small percentage of aba]one found in British Columbia is harvested’ by native
Indiang /"and there are no communities significantly dependent upon the abalone fishery. Any
potential conflict between the commercial abalone fishery and the Indian food fishery should
be carefully examined. before advocating the use of a parti:ular management -tool. This thesis
does not explicity consider such potential conflicts, as it is primarily concerned with the .
working of tbe coxnmercial fishery. It is assumed/'ithat the effects of such conflicts will have

a negligible impact on the maximization of sustainable monetary net social benefits.

* The Britsh Columbia. abalone fishery is amenable to a number of policy options.
Con&eptually, an accurate and exhaustive account of the costs and benefits associated wjdr
each of the alternatives should allow for the unequivocal selection of an optima'l management
regime. In practice, however, such- an account of all of ithe relevant variables isv not possible.
This is primarily due to the Jimited availability of data. However, even if the required
information were readily available, the problem of 'assessing' incommensurable variables would
remain. Although such complications introduce an element of uncertainty into the evaluation
/process, it remains possible to speculate on a preference for. one regulatory regime over

(\la‘nother under differing circumstances. Different regulatory regimes can be thought of as
altemau‘ve forms of contractual arrangement in. the fishery. Before discussing the relative
’

merits of various contracts, a discussion of contractual ob]ectrves tand the associated
7

complications when dealing with a non-exclusive fish resource is desirable.
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Contractual - Arrangements- in Fisheries

It has been deterxmned that the failure to achreve Opumal resource allocation in the
fishing industry is primarily the result of the absence of private property nghts (Cheung,
1970; Copes, 1972 Randall, 1975; Abgrall 1978). A good or an asset is "private property” if
three distinct sets of rights are assocrated with its ownershrp (Cheung, 1974: 57; Mercuro and’
Ryan, 1979: 1011). These rights include:

1. The exclusive right to use, or Secide how to use the good.
2. The exchrsive right to receive income from the good.
3. The right to transfer or freely alienate, its ownership. This entails both the right to

enter into contracts with other individuals- and to choose the form of such contracts.

&

An open access ﬁs\hery,, of course, fviolates all three | of the above condiﬁons
Unrestricted access grants all ﬁshermen an uncontested nght to use the resource but allows
"no individual fisherman the power to exclude other potential users; consequently, ' no one
fisherman _is able to receive exclusive income from the resotirce. These circumstances obviously
'-preclude € —;{ossibility of meeting the third requirement of transferability of ownership. The
complete :&acnon from all characteristics which define pnvate property is the precrse I€3250N
that a contracwal structure allowmg for open access results in ‘an undesirable allocauon of

TESOUrCes.

Agnello and Donnelly (1976: 519) state that the principal ‘effect of common property is
o create "technological external diseconomies”, resulting in a greater allocation “of resources to
the fishing industry than wou]d result from a private property right structure. A technological
externality in production occurs when the actions of one firm or mdrvrdual actually modrfy
the physical productjon relationships of other firms or individuals (Goet1~ and Buchanan, 1971 .
885). Such a modification has adverse effects when the recipient of the externality experiences
higher costs of production than would otherwise he the case. The allocation of resources to
the fishing industry is greater than is socially optimal under these circumstances. When

I~

-
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rnlaking his production decisions, an individual fisherman will fail to take into aooounﬁtri the
e;(ternal costs he imposes on other fishermen. Economic efficiency in thed use of inputs is
attained when thg “value Qf the incremental output obtained from employing an additional unit
of input is equal to %he> marginal cost of employing /that additional unit Thus,""output willr
be varied until this equality is achieved. It is important to note that the term economic
efficiency embodies both private and social efficiency. When a fisherman’s private marginal
cost of production falls short of the social marginal cost, the end result is an excess of
inputs allocated to the fishery, from society’s point of view. Thus, a contractual arrangement

which fails to “internalize” external costs of production will cause economic inefficiencies in

commercial exploitation in that private and social costs will not converge.

~An externality which is common to all fisheries where well-defined property rights are
absent is that of a stock externality, which occurs when the application of fishing pressure
reduces the size of the fish population and hence increases the cost of another firm’s catch
(Agnello and Donneily,» 1976: 520). That is, a reduction in sstock abundance resulting from
one vessel’s fishing activity necéssitates a higher level of effort on the part of an equally
efficient vessel that subsequently enters the fishery, if the two vessels are to obtain‘tztches
of equal size.. Given that an increase ir; fishing " effort in a pén.icula: fishery increases the
fishing mortality, the stock of fish, the average age, weight, and .si'ze of the fish will

decrease, making fishing more difficult, i.e., decreasing the catch per unit of fishing effort

(Huang and Lee, 1976: 847).

Another type of externality which is particularly relevant to the abalone fishery is a
grounds- quality externality (Agnello and Donnely, 1976: 521; Agnello and Donnelly, '197/_5:
524). A sufficient amount of kelp is vital to the productivity of an abalone bed. In order to
facilitate collection of abalone, a diver will often slash away any kelp impeding his progress.
This significantly reduces the future productivity of that abalone bed, and thus increases the

future harvesting costs of fishermen.
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(An open-access fegime most certainly does not ensure that the resource is properly
protected. No individual will take the trouble to husband and maintain a Tesource unless he

has some property right in the yield (Scott, 1955: 116).

Finally,‘ the dissipation of resource rent that occurs under an open access  fishery.
fnega‘tes the possibility of redistributing rents to marginal fishermen with low opportunity costs.
Although those fishermen with above-average skills may earn some economic rents in the
form of  producer surplus, many fishermen are able only to re_cover.‘ the “econoﬁ;i?: costs of
fishing. Since the low earnings of marginal fishermen  are ~often considered socially
unacceptable, it may be desirable to suppiemerit their incomes. It is preferableq to undertake
such subsidization through ™ a redistribution of resoufce rents gen%rated in the fishery rather
than by social transfers in the form of Qelfaxe payments and unempioyment compeﬁsation. -
The formerﬂmethod of redistribution is considered‘ by fishermen to be a less derheaning wa;
AN

in which_to receive income.
N ‘

A fully-defined private property regime would involve noné of the above problems
associated with open access. Exclusive rigpts generate an incentive to nurture and husband the
resource in order to maximize individual wealth. Private property rights result in é préduction
decision rule which internalizes the external diseconomies )}issg(ciated with common  property
harvest (Aénello and Donnelly, 1976: 520). The right to exclude others ‘ensures an ihdividual’s_
control over his own production activities. Note, however, that a private property regime
would do nothing to increase the level of fishermen’s opportunity costs. Yet, beéaﬁ.ser the fact
that even incomplete property rights' generally allow for the dcaﬁOn of Tesource rents, there

exists the possibility of redistributing such rents to fishermen with low incomes.

It has been theoretically observed that exclusive rights develop in response to increasing
scarcity and value of resources and the costs associated with their inemcientr use (Demsetz,r
1967; Krier and Monigomery, 1973). Common property persists where the social, political or

economic costs of acquiring and enforcing property rights are greater than the benefits that
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can be obtamed (Chnsty 1975: 698). As the value of the resource increases, the potentlal '
gains ﬁom more efficient use are increased. That 1s the costs associated wrth altenng the
structure of the contract become more worthwhile to undertake as " the Tesource - beoomes more' '
valuable ‘Sugh a situatign is representanve of the British Columbia abalone fishery. The rise
tn the world pnce of abalone m\% mst.rgated the rmposmon of limited entry hcensmg in
1977. As the valae 'of abalone contaued to mcrease individual quotas were resorted “to -in
1979. Thus there has been a progrez‘:e move toward structurmg the contract so as to more\

st

fully specxfy the property rights of the 1nd1v1duals mvolved.

With non—exclusive t'lslﬁng rights and in the absence of collusion among ﬁshennen, reng'
becomes a residual, with every decision-making unit maximizing the portion left behind : by
others. Therefore, the behaviour of individuals participating: in an ‘open—acc.ess fishery ‘is
consistent with individual wealth maximization. What separates the open—access ﬁshery from
other competitive industries is the absence of a contractuaé constraint on other people’s use .
of the fishing ground (Cheung, 1970: 59). Consider the exploitation of a particular abalone
bed. If an individual fishing operation had_ contplete control over the bed, it is expected that
the returns generated from this abalone bed would be maximized. By pursuing individual
profit maxlrm‘zation, the vessel(s) would apply the optimal level and composition of effort in
hthe harvesting of abalone. This is not possible under an open access managesgent regime. No
"one ’op’eratjon' has control over the application of total effort; thus there exists no entity to
insure efficiency of production. Owing to' the téchnological externalities that qtend to typify
much of common property resource exploitation, individual wealth maximization is not

generally consistent with aggregate wealth maximization for the fishery.

The analysis in Part D of the thesis provides a strong indication that too many

I

resources, in the form of excessive fishing effort, continue to be employed in the abalone

ﬁshery in spite of attempts at rationalization. Recall that the optimal level qf effort to be

exerted annually was estlmated at 365 abalone-days. Since 1976, this level of effort has been
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significantly surpassed. It-is desirable, "therefore, to account for the "market failure” that has’

occurred with the previous and present "attempts to rationalize the fishery and to ~coi1sider

potentially viable alternatives.

The alternative management_strategies considered here include the following:
L Correcﬁve taxes.
2.  Limited Hcensing.
3. Inmﬁdud quotas. )
4, The sale or the leasing of abalone beds. — -
The abové options represent the viable alternatives bpen “to the management of the abalone
fishery. Although corrective taxes are not generally employe,dx in the rationalization of a -
fishery, they are sometirr,xes advocated in the theoreticalrflitérau.lre. Limited entry licensing and
the individual quota system of management are the t§vo policy options that have had the
greatest support -both in administrative terms and theorética,l argumentation. The sale or leasing
option has been seriously considered only to a very limited extent in fisheries managémém.
This stems ‘frorvn the fact that most fisheries are not compatible with such a structure of
management In particular, the fugitive nature of most species renders it impossible to define
biologically discrete productive areas ‘which are potentially saleable or leasable. However, thg
sedentary nature of abalone stocks r?nders the consideration of this proposal_ worthwhile. In
discussing the advantages and disadvantages of each type of mar';ég‘ement regime, the following
approach is taken. The theoretical rationale is analysed and the relative meﬁts of the regim

& .
are evaluated with specific reference to the British Columbia “abalone fishery.

Corrective Taxes

One method of controlling effort that is often advocated but rarely adopted is ma} of
corrective taxes on landings or effort The impostion of royalties can be used in conjunction
with other forms of regulation or serve as the only measure taken to control effort in an

open access fishery. It is important to note that the open access .equilibrium is sub-optimal
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only in the sense that too many resources are attracted to the fishery. In other ways,

competition brings about results that are usually considered desirable, such as the adoption of "k

the best available technology (Cunningham et al, 1985: 161). Owing to an excess of
participants attracted to the fishery, a consequence of open access is the dissipéﬁon of

Iesource rents.

A tax could be imposed on either effort or catch in such a Way that' fishermen find
it. profitable to operate at -effort levels that maximize the aggregate returns from fishing. 'fhe
éppropriate tax represents the economic rent gained by_ sgciety that can be captured on a
sustained basis. Thus, this approach does not depend on property rights at all, but rather on

removing all financial incentives to expand fishing capacity (Pearse,}1981: 140).

r/i‘ In practice it is likely to be simpler to tax catch rather than effort, since it is often

very difficult to obtain a precise definition of effort Moreover,” even given perfect knowledge

-

of the factors of production comprising effort, a separate tax would have to be levied -on

each factor if a distortion of factor inputs is to be avoided (Cunninghim et al, 1985: 163; .

Clive and Southey, 1970: 50). That is, a levy on one or a few facets of effort\ls llkely to
cause substitutions away from the taxed inputs of production and towarq the now relaUvely
lower-cost factors. Although the level of inputs employed in an open access fishery is
excéssive, the configuration of ihose inputs is likely to bé qu'mal. Thus vfactor—substjtuu‘ons
resulting from the imposition of taxes on various components of effort will probably cause
inefficiency in production. That is, the minimum cost of individual exploitation under a
Vsystem of corrective taxes exceeds the minimum cost of exploitation in the al;sence of
corrective taxes. Although license fees represent a tax on effort, and are relatively simple to
administer, license fees alone do not provide significant control over the exertion of fishing

effort. @

Essentially, the levying of taxes can potentially convert the externalities obtaining in an

open access fishery into contractual costs to the individual decision-maker (Crutchfield, 1979:
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744). Corrective -taxes - are, howevér, more -theoretically- —‘a‘p‘pealin:gIfthatrihér*arrpractidtﬁff”

Immediately obvious difﬁcxﬂties are those of complia\ncgr afndri ¢gf§}'cemet;t The larger the
number of vessels and the more numerous the ports of landing, the greater will bé‘lthé ,oosts‘ »
incurred for the monitoring and enforcement of tax collection (Pearse, 1981: 140; Scott and
Southey, 1970: 50). An additional impracticality i; that of the nécessity. of administrative
flexibility (Cunningham et al, 1985: 165; Pearse, 1981: 140; Cassidy, 1973:. 527, Anderson,
1}%‘:”1/64). In order to mamtam the fishery in a condition of ‘maximum efﬁcienéy, charges
inust be continually revised in the face of changing prices, costs and technology. Failing this;
any rents not completely appfopriated by 7the levy, would éventually be dissipated by Wigher

costs. The administrative costs of data collection and revenue collection would be substantial.

Ankadditional drawback of the tax as a management device rests oﬁ the likelihood thét
the impact\onl_pffort of the tax is realized only after a considerable time-lag: Fishing vessels
and other capi@ equipment represem a "sunk cost" to fishermen. Participation in the ﬁsher;'
is apt to con'tinuer in order to make such investmentk worthwhile. It may be years before thé

impact of a tax is sufficiently damaging to cause some fishermen to retire.

The imposition of taxes leads to a deterioration in the financial situation of all 7
fishermen (Cunningham et al., 1985: 164). In open access equilibrium, marginal fishermen just |
cover their total economic costs of fishing. After the introduction of taxaﬁon, some fishermen
incur deficits and exit the fishery. Equilibrium is- restored when 'marginal fishermen again
earn normal profits. However, fhe post—taxation marginal fishermen were preQiously earning
intra-marginal rents. Taxation makes all fishermen worse off to the extenf that intra-marginal

rents are eroded.

Largely owing to the administrative impractability and -political unacceptability of a
rationalization scheme based on the collection of royalties, most ﬁsh%ries have relied on
alternative fcrms of management The administrative complexities involved with such a scheme

will be severe for all kinds of fisheries, including that of abalone, since prices, costs and .
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technology are continually changmg. A further complication invONed' with imposing a tax. on
catches in the abalone fishery, relates to the numerous ports of landing employed by
fishermen. The monitoringr and enforcemeﬁt procedure would be costly. A tax collection
scheme is highly impractical and can thus be safely dismissed as a viable management option.
Limited Entry Licensing [

Limited entry is a tiorm of ‘contractual arrangement in which -access to the resource is
restricted. That is, access is limited to those individuals hold‘ingiexplic“it rights. The owners of
these rights can collectively claim the right to the specified resources and thereby exclude
others. However, the rights are- co-equal and do not define or limit the amount of the

resource that they entitle to individual holders (Pearse, 1981: 138).

The purpose of limited entry licensing is to reduce the ‘level of effort applied to‘ a
particular stockil\of-/ﬁsh Historical evidence indicates, however, that the level of effort as a
whole may only be negligibly affected by simply limiting one dimension of effort.
Complications arise wﬁen production techniques are highly flexible. When contemplating the
imposition of effort restrictions, consideration must be given to the reactions of the regulatees
to such regulations. This is particularly important when effort is multidimensional and ﬂexiblé
(Wilen, 1979: 856). Restrictions on inputs- do nothing to alleviate fishermen’s incentives t0
~expand fishing power and effort in a profitable fishery (I;earse, 1981: 140). A: natural
response of -fishermen to restrictions on the use of one input is to increase the relative use
of other inputs. Not only wiil such a response reduce the extent of i:totgl effort reduction,

but it is also likely to be very costly.

Consider the consequences of the introduction of limited entry libensing in 1977 in the
British Columbia abalone fishery. Column 6 of Table 12 indicates that th® number of
participating vessels decreased from forty-three in 1976 to twenty-two vessels in 1977. As
illustrated in Figure 16c, however, catch during this period rose significantly as did the .level

\_\t‘n
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of effort in terms of days spent fishing.

S

The following scenario provides a likely explanation for the _ above phenomenon. The
limitation on the number of » participants resulted in an increase in the potentially available
rent per individual fisherman. In order to increase the likelihood of capturing a larger

portion of this higher rent, it is likely that each fisherman éttempted in some way to

augment his application of effort. This augmentation could be achieved in a number of wayé

includiqg more time spent fishing per season, more divers per veséel, and‘ increased
sophisﬁ'cation of vessels. In | a flexible fishery, any regulatory scherﬁe that attempts to improve
efficiency by restricting one or a féw facets of effort is bound to fail (Wilen, 1979: 857;
Pearse, 1981: 140). Although the f;’ level of effort .may be somewhat alleviated, inefficient
substitution to other componenté of effort is probable. It is conceptually conceivable that all

dimensions of effort could be controlled by regulations. However, the administrative and

_ enforcement costs involved in such a task would be extreme (Copes, 1981: 123). Indeed, even

if such comprehensive restrictions were costless, a tight rein on input substitutions remains

undesirable. To operate  effectively, fishermen need the power to manage their _ individual

- Production activities independently. = Although complete input restrijtigns would prevent

fishermen from engaging in inefficient capacity-increasing activity, it would also prevent them

from pursuing production improvements that are cost-reducing. It is desirable to impede

capacity improvements that result in the dissipation of resource rents but undesirable to
restrict vessel improvements stemming from technical innovations that may have cost-reducing
e

effects. To the contrary, such improvements should be encouraged since they motivate

individual fishermen to operate efficiently (Copes, 1981: 123).

A contractual arrangement involving limited entry licensing in essence eliminates none of
the characteristics inherent in common property arrangements. The property right in the yield
remains uncertain for each individual. Therefore, there is no incentive to adhere to the

conditions ,required for an economically efficient fishery. Namely, owing to the difficulty of

109



restricting effort to its .optimal obmposition, hrestrictéd’ entry does not ensure optimal levels of

catch. The composition of the catch is also uﬁlikely to be that which isﬂ soaau): Egsir?bliei.ﬁwrﬂi
The absence of individual property nghts results in fishermen harvesting fish which are not
of an optimal size or age. This is a direct consequence of the fact that fishermen are not
assured of receiving the additional benefits potentially available from harvesting when the
catch is of optimal composition. To avoid this situation, size limits have often been imposed.
The employment of inefficient input - configurations is also likely to cont.inug under limited
entry. Such inefficiencies may, in fact, be more pronounéed than under a ,regime of open
acﬁess. This is because the increase in potenti§lly available rents per fisherman that resalt
from restricted access, make ex‘ess capacity investrnenté more worthwhile. The same holds true

for fleet déployment; under a limited entry regime, the area or time fished is likely to be"

extended beyond that which is optimal.

Iﬁ the past, fisheries managers have dealt with rsuch problems by imposing further
restrictions on the application of effort Examples include area and seasonal | closures, gear o
restrictions, vessel-size limitations, and the imposition of a total allowable catch. Careful use
of such supplementary restricions in conjunction with limited entry licensing can result in a
cbnsiderable improvement in the return to the fishery. By setting a total allowable catch for
the fishery on an annual basis, overfishing can be mitigated. The use of seasonal and area
closures may aid in the protection of spa'lwning stocks and juvenile stocks, which in turn -may
improye both the level of recruitment in the fishery and -the selectjvbity of the catch.
Vessel-size limitations and gear restrictions reduce the tendency for excessive capital investment

that is often prevalent in unregulated fisheries.

Regulators must be discriminatory regardihg those facets of effort which are to be
controlled. In particular, it is imporant to distinguish between investment in capital that
merely serves to increase capacity and that which improves the efficiency of a vessel.

Regulations that impede the latter type of investments represent obstacles to the cost

S
110



&

~

!

minimization proced‘ure. R

EeN I S

It is unlikely r.‘nat a management regme consisting of - lumted enn'y licensing and

modified by vanous supple;m:ntary measures could result in opumal long run mtch and effort -

levels. To achieve this would require tight controls on all components of effort as well as

restrictions regardmg the area and frequency of the apphmuon of that effort. Such a
procedure often involves additional costs in excess of the resulting increase in fishing refurns.
However;\ limited entry licensing can result in the avoidance of some rent dissipation,
particularly whén used in conjuction with a few carefully chosen supplemen@ restrictions. In
many &pm of fisheries, such a management regime poses the only viable alternative to open
access. This is )particuIaIly the case in ﬁSheries where the fish are of a highly migratory
nature The sendentary nature of abalone stocks, ~ however, allows for the potential
implementation of alternative ratioualization schemes which appear preferable to that of limited

entry licensing.

The success of a limited entry program depends upon the degree to which fishermen
comply with the supplementary restrictions. The monitoring and enforcement. o? compliance
may be costly. Where possible, it is preferable to select a contractual arrahgement in which
unenforced individual maximizing behaviour results in a socially desirable outcome. This can |
be achieved only if- individuals can be assured of deriving benefits from behaving in the ~
socially desirable manner. Such benefits are not guaranteed with limited entry. Fishermen are
given a collective tight to the rtesource as opposed to an individual tight Although ﬁéhermeri
may behave in an economica]ly efficient manner, they will do so subject to artificially
imposed constraints - constraints which must be enforced -at.a cost The British Columbia
abalone fishery ig/% >ﬁshery in which these costly wnsﬁainm m';y ﬁot be necessary under an
alternative form of contractual arrangement. That is, a contractual arrangement in which

fishermen’s profit-maximizing incentives are unconstrained may be less costly to enforce than

one which restricts these incentives by regulatory means.
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Individual Quota M anagement

Under an individual quota system, the right of each holder is "stinted”, or sp_eciﬁed
with respect to the quantity of the resource he may take (Pearse 1981: 138). That is, é\

fixed share of the catch is allocated in advance to individual operators (Copes, 1986a).

-
N

The justification for management by individual quota allocation is based on the fact
that such a - regime bestows partjal property rights on fish resource users. Many external
diseconomies associated” with both open access fisheries and those fisheries subject to limited
entry licensing are théreby mitigated. Consider, for example, the so-called "stock externality".
Given that individual quotas are enforced, fishermen should exploit the catch ass;)ciated with
their duo_ctas in a Way which minimizes their total costs of fishing. Since costs are an
increasing function of effort, such minimizing behaviour implies exertion of the least amourt
of effort reqw:red to take the given catch. As indicated earlier, such an ‘incentive does not
exist under the regimes of opén access and limited entry. If limited entry licensing is
supplemented by the imposition of a total allowable catch, the extent of the stock externality
is  equivalent tos that under an individual quota system, but the tendency for individual
‘ﬁshermen to "race for fish" is not removed. Thé incentive for operators to capture as large
a share of the total allowable catch as possible and to do so as quickly as »possible remains.‘
Such behaQiour results in a higher total cost of fishing for .the fishery as a whole in-
comparison to a situation where indivi'duals are assured of retn'eving a given level of catch
for the season. Assurance of a right to a portion of the fishery’s output should result in a
significant alleviation of stock extemalities, since fishermen will rio longer find it necessary to

"race for fish". That is, competitive interception of the stock is discouraged under the

-7

-~ individual quota system.

The major advantage deriving from the allocation of individual quotas is the possibility
~of ~ approaching Ymal input-output configurations in production as well as optimal fleet

deployment. After Fishermen have been allocated the right to a particular quantity of fish, -it
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-ig reasonable to suppose that they wrlLJranreerhaL _amount _at | the,,nnmmum possxbie cosr.

Assunung the individual quotas are stnct]y enforced, the proﬁt—maxrmrzmg incentives of | 7 _7‘

ﬁshermen should ensure that the level and oomposmon of effort is also socrally optrmal. This
is unlikely to be the case under a limited entry regrme. even if supplementary regulations
are imposed. The setting of the total allorr/able catch at the optimal level does not ‘reduce
the incentives for overinvestment in fishing capacity. The impossibility of restricting all facets !
of effort does not allow for the elimination of ovennvestment% although excess caprta]

invéstm‘ent may be significantly alleviated. Note, however, that th\e complete’ ‘or partial

suppression of overinvestment is costly because it conflicts wéth an _individual fisherman’s

incentives when there are: potential rents to be earned. Thus, it wou?d‘* be necessary to
monitor the level and combosmon of effort. Although vessel number are reIaIJvely easy to
monitor, it would be mucﬁr more difficult to monitor, say, the number of divers on each
vessel. With an individual qdota system, it is only individual catches that must be monitored;
this procedure is likely to bé‘ less costly than the former. It ‘is purported that because
quantitative rights encourage efficiency in production, with respect to the composition of effort,

this system can be largely self-regulating (Pearse, 1981: 141).

Profit maximizing behaviour dictates that fishermen will take fish that are most valnable
in terms of size or age. In attemptiné to obtain a yield where’ catch compoéition is such
that the quota generates the highest possible returns to a fisherman, an individual may
inadvertently jeopardize stock survival. Speciﬁcallly, the process of "high-grading”, or discarding ]
low-valued fish, is likely to result in a higher morulity of the stock (Copes, 1986a). Thus, o ’@‘
the aforementioned :%_lleviation of stock externalities resulting form the fact that an individual o

quota system reduces the prevalence of competitive stock interception, is likely to be at least

partially offset by the process of" high-grading.

Enforcement is likely to be one of the most difficult problems associated with an

individual quota system (Copes, 1986a). If enforcement does mot accompany the imposition of
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quotas, fishermen are likely to erngage, in "quota busting”. This will, of course, result in an-— — -
actual catch level in excess of the optimum. Even though fishermen are assured of a
property right in the yield for the period in question, the lack of exclusive n'ghts results in

an absence of incentives to nurture the resource.

Given that the fishery quota is set at the optimal catch level, any catch in excess of
the quot:il can be said to result in a resource loss. The extent of resource loss is the cost
associated with failing to monitor and enforce the indi;'idual quotas. It is expected that
monitoring and )}enforcemgnt of quotas is carried out to thé extent that the marginal cost of
doing so is equatevd to the marginal benefit from doing so. The latter is the' marginal

reduction in resource loss.

v

.Column 6 of T;ble 6 indicates that the level of effective effort in the_ abalone fishery
has steadily declined since 1978, this being the period during which individual quotas have
“been in place. However, a potential inefficiency remains. The heterogeneity of ﬁ;hermen
renders the allocation of uniform quotas undesirable. In fulfilling their .quotas, skilléd
fishermen have the ability to generate a larger contribution to- net social benefits than
unskilled fishermen. Therefore, it would .be more efTicient for skilled ﬁshefmen to<s harvest
relatively | more of the resource. Uniform quotas ‘will be costly to assign and énfo«rggﬁbemuse
of opposition from the more productive fishermen. It is possible that this syste\’r.n% may le.ave
skilled fishermen V:'orse off than under .condiu'ons of common property - conditions , (Johnson

1
and Libecap, 1982: 1010). In many instances of individual quota ‘management this problem is

dealt with by allocating quotas on Lhe:k basis of historical catch® records. Since the size of a

‘fisherman’s catch and his level of fishi skill are approximately proportional, such an
allocation is likely to allow for the maintgpance of efficiencies resulting from the
higher—skilled fishermen securing the larger \sj_x—a;e of the catch. However, the relative

efficiency of fishermen is not permanent Thus, a fisherman who is unskilled at the time of -

allocation will be granted a relatively small quota; as his skills improve, efficiency
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considerations suggest that his share " of the catch should .also be increased. Note that this |

problem could be overcome by the 'allomtion’ of. quotas of shorter duration, butr 6nly at aﬁ‘
increase in administrative costs. There is another problem with alldmtion quotas' on the basis
of historical catch records. Eveﬁ though one ﬁshe.rmjan’s' catch may be very* high relative to
another’s, the contribution of the fonher to the net ?cxal benefits - deriving ffom the fishery
may actually fall short of the latter's contribution. T:ilis is Because the oppom}*m:r_tyr cost " of
the skilled fisherman with a high Vcatch may be higﬂér than  that of &xe unsk;/lled fisherman
with the low catch. This indicates thét society incurs a greater cost from: having lthe' skilled

fisherman employed in the abalone fishery that it does from having the unskilled fisherman

so occupied. .

e
The heterogeneity of fishermen could also be recognized by allowing competitive bidding -

for quotas units. More efficient fishermen wilj be able to secure “larger quotas as they "will

be willing to pay more for them than the less efficient fishertq o

An important issue concerning both ixidividual quota management and limited entry

licensing is the questic:g of wtransferability, which is also advocated as a means of taking into
\? - .

account the heterogeneity of fisuermen. When quotas are transferable, many . marginal

N}

fishermen should be willing to.sell their rights to those fishermen earning intramargi/nal rents.

Although the individual quotas in the British Columbia. abalone fishery have been deemed

nontransferable, contractual loopholes have allowed fishermen to “léase" their quotas for long

periods of time. Note, however, that such leasing is probably acc%plished at a higher cost
] L

than if the right was legally transferable.”

The tgansfer of licenses or quotas often leads to what has been “termed the
"transitional gains trap” (Copes, 1986a). The initial holders of quotas are able to capitalize
the stream of future benefits and extract them from successive holders to whom they lease

the quotas. Thus, the increased rents resuiting from rationalization accrue only to the first

generation of beneficiaries. Successive generations earn the same returns that they would eamn
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,under an open aoc;:ss ‘tegime. To a;oid this problem by imposing riontfansferability, however,
is to obstruct, in part, the purpdse of an individual quota. management regime, this being thev :
| allocgnon of more well—deﬁned property rights. NonU'ansferablllty wolates the nght 10 freely "
ahena;e ownershlp. ,Qpantntaﬂve rights must be transferable so that rights, like any other
.input,” may gravitate” to their highest valued use. Transferability  is essential to ensure
achi&;ver;jent 6f the necessary marginal eqdalities (Randall 1975: 733). Economic theory holds
that any voluntary exchange' will k_leave all eﬁsﬁng pafties better off (Mercuro and Ryah,

1979: 1011).

The extent or existence_‘of the qansiﬁonal gains trap is related to the iﬁiﬁal allocation
bfa 'rights. "If quotas- are agran?ted freely or at a nominal fee, as they were in the British
Columbia abalone fishery, then the intitial holders will be the primary beneficiaries of
ratjonalization. If, however, the initial holders are also required to purchase the .rights at their -
ull value, transitional gains would not arise. In order to achieve such an allocation of rights,

Cmcornpeu'u‘ve bidding process appears the most promising. Note that this achieves an
equitable distribution of rents 'among géne;aﬁons of fishermen, but does not address cthe
question of improving fishermen’s incomes. It is true that the incomes of all fishermen could
be improved by issuing non—txinsferabler quotas at a nominal fee. Note, however, that not allj
fishermer in the British Columbia abalone fishery are in need of subsidizgtjon‘.”’ It would be
politically unacceptable to discriminate among skilled and unskilled fishermen by setting
nominal fees for quotas that differed across income groups. Conversely, it is also undesirable
for society to undertake the subsidization of a// fishing incomes, when not all ﬁshermen. can
be considered "poor". If transferable quotas were allocated throughv competitive bidding, the
e;(pected capitalized stream of earnings for the period in question could be captured by the

government. There then exists the potential for an ex—post redistribution of rents for those

fishermen whose income for that year is considered socially unacceptable. It is possible to

3 Thete are currently only a few participants that can be considered to be marginal
fishermen; based on personal conversation with Richard Jacobson, Department of Fisheries and
Oceans, Vancouver, B.C.
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treat the objectives of economic efficiency and acceptable levels of income as two separate

issues that do not have to be served simultaneously. One does' not neééssa.rily have to be

served at the expense of the other. An ex-post distribution of rents is; !howév&f”éffén’f*‘j:%ﬁ

&

objected to by virtue of the fact that it may offend the beneficiaries
That is, recipients may consider income - earned in this manner to, be  undignified or

demeaning.

An additional advantage of .t:anit;erability is the likely alleviation of enforcement costs.
An auctioning of non—uniform quotas allows the more prc}ductjve fishermen to advantageously
exploit their skills and should thereby Tesult in a lower incidence of quota busting.\ This is

not likely to result in a significant mitigation of enforcement costs, however, since the

incentive to quota-bust still exists, although perhaps to a lesser degree.

Although the individual quota system may helb to alleviate éome externalities, it will
not result in their elimination. Recipients of duotas purchase the right to hérvest a particular
amount of unidentified abalone. An individual does not have the incentiv;a to leave an
adequate number of abalone behind for the purpose of increased future productivity of a
particular bed, because he is not assured of beneﬁt.ing from the potent.i;al increase in that
bed’s productivity. Thus, the stock externality is still “likely to occur under individual quota
management. Similarly, the individual( quota s.ystem also  allows for the continuance of the

grounds—quality externality. When diving for abalone among kelp beds, care must be taken in

order that the habitat is not destroyed. Divers may not undertake these costly precautions

since the potential benefits from doing so may accrue to someone other m_gn themselves. The
rights associated with individual quotas are not completely specified. If they were, then all

rewards and penalties accruing from an action would accrue to the actor (Randall, 1975: 733).

A complete specification of rights is essential in order to achieve an economically
efficient allocation of resources. Since rights provide, among other things, an information

system, a completely specified set of rights will reduce both igﬁérance and uncertainty. Also
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essential for reducing uncertainty as to the outcomes of decisions and actions is the

enforceability and enforcement of the set of rights (Randall, 1975: »733);

e

.
.
~

. Quotas are mot strictly enforced- in the British Columbia abalone - ﬁshery,“ presumably-
because it is ptoo costly. to do 0. The lack-of enforcemedf renders the existing contract, that
of an ivndiv<idua1' quota management regime, unfulfilled, as does the nontransferability of the
quota. As mehtioﬁed earlier, eveh though fishermen do, in fact, lease _their right to exploit,
the resﬁiéﬁons involVe\d are Rlilkrely to mpke it costly to do so. That is, there are institutional
impedim‘ems tor’persf)ns °anempﬁn'gv.to/?zl::: In essence, non-transferability imposes a restriction
on the right to receive yincc;mre. This- in tra will yield predictable changes in behaviour in
the exercise of the exclusi\;e right to use or dedde_ how to use the good (Cheung, 1974:‘
57). An alternative perception of non-transferability is that it achieves a particular ﬂlomﬁon
of income. The practice of -charging a nominal fee for a non-transferable quota reflects a
situation whereby all generations are treated equitably. Conversely, if the license~holder was
permitted to sell the license at its capitalized value, this would signify discrimination in
favour of the initial holder. However, if all participants, including the initial holder of the
quota, were réquired to purchase the quota at a fee that reﬂecrtrérdn the -capitalized value of

- all fumre rents, this would also result in the equitable treatment of all generationg.

The holders of- individual quotas have been assigned a partial propérty right to the
yie/ly of the British Columbia )abalone fishery. Even in the absence of legal impediments to.
alienation, the property right would Temain incomplete. The individual quota Aregifne' allows for
" the continuance of externalities in production because the property right remains only partially
speciﬁe;d. That is,‘ holders of quotas are allocated the right to take a particular quantity of

an unspecified tesource. In addition, the enforcement of rights is incomplete.

31 Based on personal communication from Richard Jacobson, Head of Shellfish Division,
Department of Fisheries and Oceans, Vancouver, B.C.
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A Case for Private Ownership or Leasing of Abalone Beds

Since abalone are sedentary shellﬁsh that move very little beyond the pelagic- stzge
would be relatively easy to deﬁne boundaries between different abalone beds. Abalone beds

vary in s1ze according to how COIIdUClVC the habltat is to abalone growth and survival.

Censider the consequences of auctioning off the right to exploit pa:ﬁcuiar abalone beds
in perpetdity. Through a competitive bidding process, the purchase price for each bed should
equal the \ capitalized’ value of the expected future net rents attainable from the bed.
Conceptually, then, society is able to extract all future resource rehts from the abalone
fishery. It may be desirable to allow a portion of these Tesource rents to accrue to
low-income fishermen. This could be achleved by permitting margmal ﬁshermen to purchase
the right to harvest a particular bed at a fee that is less t'.han the expected capxtahzed value

of e future stream of resource rent from the bed in question.

Auctioning is not the only means by which rights can be allocated. Competitive bidding
is, however, likely to involve lower administrative costs than if the government were to

determine the value of each abalone bed and set prices accordingly.

The heterogeneity of fishermen is properly accounted for under such a system. The
more productive operators Wwill be willing to pay a higher price for a particular bed than
fishermen with lesser skills. Thus, their competitive advantage can by exploited by virtue of

their relatively lower costs of production.

Given transferability of ownership, owners of beds will have every incentive to harvest
stocks of optimal composition at optimal levels since they are assured of a perpetual right in

the yield from the bed which they own, if they so desire.

If the right to ownership is not transferable, operators can be expected to exert

excessive pressure on the stock just prior to retirement. Given the right to transfer, however,
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the proceeds from exchange will be greater, the more valuable the existing stock.
Exclusive rights to a specified resource will also result in optimal input configurations.
The owners of abalone beds can be expected  to pursue cbst—minimization strategies of

production just as any other competitive firm.

After the initial allocation process, the transactions costs incurred by éodety are likely
to be minimal. Monitoring and enforcement of fishermen behaviour is unnecessary under
private ownership since the existence of property Tights to abalone beds provide individoals
with the incentive to operate in a socially desirable manner. High costs will be incurred‘ in
the enforcemggn of the property right itself. Owing to the ) geographical isolaﬁon ‘and
(dispersion of abalone beds, the harvesting of abalgne by poachers is very difficult to detect
Note, however, that this is a problem that derives from the nature of the resource anﬂ.

excluding open access, is equally perplexing for all types of management regimes.

«

The production externalities that xa.rc gllov&ed to continue under the regimes of limited
entry and individﬁal quota management will be eliminated under the private ownership of
abalone beds. The exertion of harvesting pressure on any siock will have consequences only
, ’for the operator who exerted that pressure. No ﬁshem is* able to influence, through his
own production process, the success with which other fishermen harvest their stocks. Any
s ; )

benefits deriving from the nurturing of the habitat, or improvements in the quality of the

fishing ground, will accrue only to the individual who undertakes such efforts.

A potential positive externality that - is introduced is what might be termed a pelagic
externality. Whenl two or more beds are adjacent to one another or relatively close together,
the larvae from one sub-stock of abalone may drift to an adjacent ground during the peiagic
stage. Thus, the benefits resulting from a: particular owner’s maintenance of a bed’s
productivity may partially accrue o the owner of an adjacent bed. Cdnsequently, a divergence

between private and social costs occurs. The distortionary effects arising from such an
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externality may be considered minor. ;

It is probable; that some scattered stocks of abalone would fall outside the boundaries
of private beds. It is not necessary for all stocks to become subject to a private license.
Indeed, it may be preferable to reserve some areas for recreational and Indian food ﬁSheries
Even some clustered beds of abalone may not be considered worthwhile to currently exploi}
by potential bidders. Given time, however, suc\h beds may ‘be&omé more attractive as a result
of a continuing incfease in the 'price'» of abalone or an increase in the productivity of the

bed due to light harvesting pressure.

The assignment of full privéte property rights in fisheries ié often considered to be
politically unacceptable. This presumably deﬁve; from a desire\ to perpetuate the commons;
that is, to allow society as a whole to enjoy ownership of the ocean’s resources. Often
overlooked is the fact that ownership involves responsibility for the costs of managing the
resource. It appears likely that, in the case of the abalone fishery, society would derive
greater - benefits from private management of the reséurce. An empirical cost-benefit analysis

involving all of the relevant variables is required to make a more definitive judgement

There are two aspects related to the desire to perpetuate the commons. One involves

the question of physical access to areas. When the government foregoes ownership of a

resource the public no longer has the right of access to that resource. Public oppostion

rresulting from a pevernment proposal to sell an area in which abalone occﬁr is could be

considerable. It is possible to sell ébalone fishermen full rights to an identified stock of

abalone but not to any bother aspect of the foreshore areas in which ﬂ;e abalone occur. This

would allow other individuals to harvest different species and to engage in various other

recreational activities. The luéest public resistance regarding access to the area concerned may

thus be avoided. Such a property-right formation would, of course, involve fairly high

{nforcement costs since the activities of non-abalone ﬁshermeﬁ and recreational . users wouid

»

require careful monitoring in order to ensure 'lﬁat abalone stocks were exploited only by
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individuals granted the right to do so. Additionally, the other fi ing and - recreational -
activities may have adverse effects on the abalone fishery. However, the - retention of social

benefits deriving from the right of public access would likely render the costs of these

adversities worthwhile.

The second aspect involved with the desire o retain public ownershi;; of resources is
the question of utiﬁiation of the resource within an area. By relinquishing ownership of a
respurce, not only does the public no longer have access to the resource, but it is also more
difficult to interfere in the aﬁalone fishery when it interfaces with other TESOUrCe  uses. When
dealing Witﬁ a mal:ine environment, one is inevitably dealing with multiple resource use. If
the government releases one of these resources to a private entity, it may result in the

creation of legal obstacles when dea;ing with multiple resource use problems.

Given the improbability of eliminating tl;e public desire to perpetuate the commons, the
following compromise is proposed. The goverﬁmenL on behalf of society, could lease beds of
abalone to individual operators. From an economic standpoint, this solution is inferior to that’
of private ownership since a lease is a less fully defined form of property right. Neverthless,
certain precau/u'ons can be taken to "minimize the inefficiencies”. Leases should be extended
for a consid(zrabfg length of time (at least ten years) in order that lease-holders can be .
provided with some reasonable assurance of a rigl‘n’r in the yield. .Again, competitive bidding
for leases and transferability is advocated for the reasons discussed earlier. Furthermore, the
terms of the contract should require that the stock and its habitat be of a particular

condition upon expiry of the lease. ' g>

Note the higher transactions costs associated with a leasing arrangement relative to one
of private ownership. The former involves the monitoring and enforcement of fishermen
behaviour regarding stock and habitat maintenance. The administrative . costs involved in
structuring the contract will also be higher. Costs will be incurred in attempting to determine

desired stock and habitat conditions and these Tequirements must be stipulated in the contract
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in’ such 2 wayA S0 as to avoid future complications. Another ﬁbtenﬁﬂly desirable  contract m;ila e

stipulatidn is the retention ofr~gove'm.ment rights in dealing with 4rhulﬁi)ré’ffesouroé use -

probleins.

N

It is bélieved/ that the leasing érrangemerit, tod, will - be . met with constematwn from

public officials®? Such a contractual structure, however, involves the same degree of private

property rights as does the current individual quota arrangemeht. The former 'mg:i‘ely involves”
\the identification of thé stocks associated with the right to fish. Herein lies the advantage of -

leasing over individual quotas. The state or condition of any bed or sub-stock of abalone -

can be attributed to the effortf of the lease-holder. Thus, that individual or fishing unit is

able to derive the benefits from, or suffer the consequences ~of, his harvesting “proéed{xi'es'.,

8

This is not the case with individual quotas. Rather, the fishery as a whole sustains the

consequences, be they. adverse or beneficial, of each individual’s actions.

In considering a leasing -arrangement, there arise some contractual peculiarities which do
not pfesent themselves if full private property rights are granted. . In the event that abalone
beds are leased, there will exist a relati;)nship between the contra‘cti‘ng parties which will
persist ;ver a long period of time. The government and the lease—holders will have to deal
with each _‘other regularly over a wide range of issues, many of which will be unknown in
advance. In order to exercise the contract, individuals will be forced to rely on a;gents for

purposes Qf gathering information, making decisions, negotiating the contract, and adjusting the

terms of the ongoing relationships.

A leasing arrangement involves a much higher degree of risk and uncertainty on the
part of fishermen than a private ownership arrangement. Both arrangements will, of course,
involve uncertainty of future yields. In comparison to a private property regime, a leasing

arrangement may also involve greater uncertainty regarding government respbnse to changing

32 Based cn personal communication from Richard Jacobson, Head of Shellfish Division,
Department of Fisheries and Oceans, Vancouver, B.C.
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o conditions ‘bver the course of the contract It is probable that in a situation where the

. government retains ultimate ow&ershiﬁ of a resource, it will be less hesitant to interfere m
Question of resource use, relative to a case where ownership has been relinquished. S@ o
’ ,'uncertarirszﬁesv w111 affect the outcome of the competitive ~bidding process, owing to the effect
of nsk on the expected value of the capitalized stream of rents over the duration of the
N lease. On thebne hand, a long-term lease reduces the risk undertaken by a fisherman in
o that he i.srtassured of the right to participate fbr -an extended period. However, the price
which he bids for ‘the lease is more likely to reﬂéct actual capitalized rents if he is bidding
“for a short-term lease. The income stream is less predictable in the far futuré than it ié in
the near future. Additionally, the longer the durafion of the contract, the more. probablé that
~ the’ conditions 6f the comrgct w111 be altered prior to termination. In general, the longer the
vant,icip;ted?‘ relationshirp' and. ‘the more” corfiplexity' and uncertainty entailed in that relationship,
o ’th_Ae_“'i‘l‘ess attention will be focused on sti%mlating price and quantity variables at the contract
formation stage. Rather émphasis will. be placed on the establishment of rules to govern the

relationship (Goldbers, 1976: 432).

‘ ’IAt is: ikely that all concerned parties will prefer a contract that reflects a considerable
dIégree of flexibility. Since the stream of capitalized future rents generated by a particular
abalonie" bed is uncertain, it will not generally coincide with the amount of an individhal bid

- for a lease on that partiCulaf bed. It may be desirable, therefore, to stfpulate at the time of
contractﬁ formation, a . i)r’dcedure whereby the amount of deviation of realized rents from
expected renis for a particular period accrue to the appropriate party. Thus, if actual resource

- rents exceeded expected resource rents rin a gi?en year, the excess would accrue to the
govpmmefii Conversely, any shortcoming- in actual rents relative tqv\}Perceived rents - should
accrue to fishermen. This procedure would, of course, require neutral ‘vthird party verification

of expected rents and would also involve a considerable degree of monitoring of catches over

the term of the lease. The practical considerations involved impose serious obstacles to a

contract formulated in this manner. Third-party ve_n'ﬁcation would involve the necessity for
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accurate esnmates of i mdmdual producers surplus in order to ensure that it is only resource

rents that accrue to the pubhc. This, in turn, requires thxrd—party acqulsmon of knowledge
regarding fishermen'’s present ‘and future skill levels, a task that may considered impossible in

practicai terms.

Contract flexibility may be achieved tc some degree by providing for insurance a‘gainst
unexpected changes in exogenous variables, that is, factors outside the control of ahy
concerned pﬁ'ﬂ% The - "adversities stemming from. uncertainty may also be alleviated by
selecting a contract of optlmal ‘duration. Speaﬁca)ly, it is desirable to mmmnze the cost of -
uncertainty resulnng from unknown future variables as well as uncertamty ansmg from the
fact that leases are temporary. In the latter case, a contract of fairly l_ong duration provides
significant assurance that a lease-holder will reap the benefits of his efforts. Conversely, a
short-term contract allows for more frequent revisions of leasing bids;v this is desirable when

faced with significant fluctuations in ,Variables such as demand and technology.

The singular ‘advantage of a transferable leasing arrangement over an individual
transferable quota system, involves the proprietary nature of the contract. The | more
well-defined property associated with the_ lease relative to an individual quota, - provides
fishermen with a fuller incentive to harvest in the socially optimal manner. Such an incentive
arises because an individual is more likely to suffer the consequences cr reap the benefits of
his individual actions. Thus, under a leasing arrangement, the privately optimal input-output
configuration will more closely approach that which is socially optimal, as compared to a

system of individual quotas.
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SUMMARY

The analysis undertaken in Part B of this paper, indicates that the British Columbia
abalone fishery should extract approximately 68,600 kilograms of abalone from the fishery per
year. In order to maximize the net benefits attainable from the fishery, it is also implied

that the effort employed to take this catch be reduced by approximately sixty percent.

It is possible that the above input-output configuration can be most efficiently achieved,
" in economic terms, by the allocation of transferable private property rights to specific beds of
abalone. Furthermore, this allocation should be accomplished by a competitive bidding

procedure..

The likelihood of the above propos;] being politically unacceptable is significant. In-
order that access and utilization briveleges to the abalone fishery remain ultimately at the

disposal of the public, a leasing arrangement may be a viable alternative.

The costs associated with the formation of property and of the subsequent contracts are
twofold: there are costs related to defining and policing exclusivity, and thére are costs

associated with negotiating and enforcing contracts and the exchange of property.

When determining the optimal contractual arrangement for any resource, including
fisheres, the general issue to be considered is the extent to which the gains and costs of
actions are weighed in the market (Cheung, 1970: 67). If the market does not exhaustively
account for the; cogsequences of all actions, as is the case 'with common property regime; in
fisheries, it is econorm'cally' desirable t0 consider alternative legal arrangements or government

regulations.

It is beyond the scope of this thesis to offer a definitive judgementn regarding the
superiority of a single rationalization scheme. From a theoretical viéwpoint, a managemeﬁt

regime which offers the most well-defined property rights to participants appears to be
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economically most efficient. However the costs associated with adnumstemkg and enforcing

private property may not be worthwhile, In addmon, the soc1a1 costs 1nvolved with the loss

of public ownership must also be considered.

A comprehensive cost-benefit analysis ‘must be undertaken in order to determine the
desirability of one management regime over another. This thesis indicates that it is worthwhile

to seriously consider a leasing arrangement as a viable alternative to the individual quots

system.
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