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- .  
The price of British Columbia abalone increased dramatically in 1976 & result of a 

surge in Japanese demand Since then, the British Columbia abalone fishery has' undergofie a 

number of regulatory changes in an attempt to improve the efficiency of h a d ~ t i n g  the 

rwurce. Although current rationalization techniques have met with some suwcptential' - -" 
*, 

for improvement remains. This analysis estimates the optimal level of exploitation by first 

deriving the yield-effort curve for' the fishery, and then <valuatingo the long-run revekes 
* 

associated with that m e .  The results indicate that the 

which is required to\obtain the optimal level of sustainab t from the &hew:. l\ @tique - 
- 

of past and' current management regimes is provided 
-h 

A review of the property rights and contracting literature suggests that a system of 

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-defined A number of property-right 

structures are considered After reviewing the potential costs and benefits associated with each 

contractual arrangement, the analysis concludes that a leasing arrangement in wliich rights are 
% 

transferable repreSeats a potentially superior alternative to the present sysYem of individual 
P 

iii 
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PART A 

INTRODUCTION 



' This - thesis represents a case study - - - of - -economic - - - -- fisheries - --- - management in the British 

* Columbia abalone fishery. The conclusions reached are applicable to many fisheries amposed . . 
- - - - 

of long-lived sedentary shellfish. 
- 

Part B of the study reviews abalone biology. A historical 'summary of commercial 

exploitation in the British Columbia abalone fishery is provided in Part C. Part I) includes a 

derivation of the long-run yield-effort relationship for the fishery as well as the associated - 
\ - 

long-run revenue and cost curves. Based on these derivations, an estimation of maximum 

sustainable yield and maximum net economic yield is provided. pa& E of the thesis attempts 

to explain the failure of the open-access and limited entry regimes that 'have been applied 

to this fishery. A critique of the present system of management by the allo&tion of 

individual quotas is also offered. As an alternative, the allocation of private ownership rights 

to abalone beds is recommepded as a superior solution. Given the probability of political 

unacceptability of such a policy, the leasing of abalone beds is offered as a compromise 
% 

solution. 

The central point of this thesis is -that a contractual arrangement that allows for the' 

allocation of private property rights is preferable to an arrangement that permits common - A 

? 
property structures to persist The fugitive nature of many species of fish often renders 

private ownership undesirable or 'infeasible. However, the sedentary nature of abalone and 
- \ 

many other shellfish is amenable to private property arrangements. The potential exists for 

substantial improvements in the industrial performance of fisheries of this type by 
- 

3 
implementation of a private property right structure. 



PART B 

THE BIOLOGY OF ABALONE 



Abalone is a genus of sedentary 

, slowly and is relatively immobile (Mottet, 

shellfsh that lives in fairly shallow water. 1 g m - L  
j.3 

1978: 10). Figure 1 illustrates the gross anatomy of 

the abdone. The foot and right shell muscle are the parts that are used in making abalone 

steaks and constitute approximately one-quarter to one-half of total weight The foot is used 

for creeping along the ocean's boaom and is also the means by which patdone attach 

I 
themselves to substrate (Motet, 1978: 2). Since all commercial species of abalone belong to 

,. the same genus and have similar biology, the characteristics of a particular .s species are likely 
B 

to be found other species as well (Mottet, 1978: 1). 

The British Columbia abalone fishery is conducted exclusively on the species Hdidis 

kamtschatkanu, more commonly known as the "pintow, or "northernw abalone. This species 

ranges from Sitka. Alaska to as far south as San Diego. California (Mottet, 1978: 10). The 

greatest concentrations of largesized abalone in British Columbia are found from zero tide to 

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

balone habitat requires a firm, stable substrate and some protection from 

Some water movement also appears to be essential (Breen, 1980: 26). 

The presence of red sea urchins may be m ,  important positive factor in abalone settlement \ 
Newly hatchedhmae spend seven to ten days drifting in plankton, after which time they 

' will be attracted to suitable substrate by a chemical produced by e n a q i n g  red algae. Such 

algae grows where heavy grazing, p,agic,ularly by sea urchins, preveqts other algae from 
1,. ' ~ L.7 

growing (Breen, 1980: 26). As abalone' mature, a shift in diet from diatpms to kelp 

Fragments necessitates an upward movement from the sea urchin zone to the - kelp zone 

(Breen, 1980: 27). w 

-=- 



, Dorsol (lop) view of shell ond o b a J o n e  

Vhnlrol (bbftornl view of  shell ond obolone 
. - 

Conical  b m s d a e c  f ~ a n a d l - - :  

Side, v i e w  

F i g u r e  1 . Gross anatomy. A, n, and C are drawn 'from a specimen o f  Ha 1 l o t i  s  
kamtscha tkana; D and.€ a m  11. tubeiculata f r o m  C r o f t s ,  1929- . .- 



Growth and Size 

Abalone take a minimum of four years to reach a length of ten centimetog The pi& . 

abalonea requires eight years to grow to a length of 10.5 .centimeters (Mottet, 1978: 17). 

Studies have revealed that the growth trate and k e  final Y C  size of adults are mongly relakl 

to habitat characteristics, particularly the type of kelp present (Breen. 1980: 28). ~ourishment 

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 aptured seaweed is subsequently 

pulled under the shell by the foot where it may be consumed immediately or. stored for 

future consumption. If this method provides insufficient food intake, abalone will graze or 

forage on other vegetation during the night. 

Breen {1980) found that growth rates of abalone in northern British Columbia varied 

greatly and appeared to be directly related to food supply. Mottet (1978: 19). however. 

indicates that the growth rate of most abalone species correlates most strongly with water- 

- temperature. Quayle (1971) supports this hypothesis 

rates , in northern 

depicts a suggested 

The amount 
- 

and southern British Columbia 

growth curve for the species ,H. 

of meat in abalone with given 

and attributes the near identical growth 

to similar water 

kamtschatkand 

she) dimensions 

temperatures. Figure 

will vary depending 

seasonal and environmental circumstances. A measurement of this variability is referred t~ 

"condition". Populations normally undergo marked seasonal changes in condition caused 

changes in the food supply. temperature or spawning cycle (Mottet, 1978: 21-22). 

comparison with other West Coast species." it has a markedly lower recovery weight 

proportion to shell measufements; thus, H. kumtschatkana is only moderately valued (Mottet, 



Figure 2: Growth Curve for Abalone1 

Spa m i n e  

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: 

1 178). 

- (  
Monet (1978: 35) reported handling and exposure to w m  air as natural spawning 

sbmuli. The presence of sex products in the water is dso reported as a natural trigger for 

Quayle, 1971. 
'LA 



spawning, as are changes in tidal temperature rhythms - - (Carlisle, - - - - - 1945; -- Breen pp and- Adkins, 

1980: 178). The presence of a strong adaptive role among abalone, in regard to spawning, 

suggests that sevkreduct ions in lqcal density might have a strong adverse effect? on the 

recruitment rate, beyond that expected from a simple reduction in the number of spawning 

adults. 

The fecundity of abalone increases witb age; egg production ranges from 1,000 at 

biological minimum 

and Sprout, 1982: 

age three, or at a 

- Breen, 1980: 27). 

size to 3 million per female in later years (Mottet, 1978: 30; Federenko 

4). In British Columbia, significant spawning does not occu until about 

length of approximately five centimeters (Federenko and Sprout, 1982: 4; 

The spawning 

which environmental 

of direct interest in 

or it is more dnerablb to 

reduction -in body weight of 

season of 

conditions 

regulating 

each species must coincide with that interval of time d<Uring 

permit adequate survival of the young. The spawning season is 

the fishery, particularly if the value of the abalone is affected . 

-a 
damage during that time. Spawning may, in fact, involve a 

five to ten percent owing to the loss of large quantities of 

gonadal material ( ~ t t e t , "  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, 1980: 177). For H. kurntschutkana, the spawning season typically occurs from April to 
. - 

June in the northern areas, and from June to August in southern locations (Monet, 1978: 

Density and Abundance 

Abalone debity is directly related to abundance of drift algae and vegetation (Mottet, 

1978: 22). Iodividuals tend to be clumped rather than randomly distributed (Federenko and 

S out, 1982: 4). Abalone abundance, however, is not determined by food supply. Rather. it % 



t 
is likely a function of the availability of planktohic larvae and -suitable- setttingsdmme,~- 

well as the degree to whi* predators of settlers .are present (Breen, 1980: 28). It seems 

clear thai some habitats, espedally those consisting 

could support many mofe abalone than 

Abalone are somewhat vulnerable 
5 

&weed and during spawning, as they 

are, however, even more vulfierable 

Considerable movement may also take 

migrate from one habitat to another 

heavy predation since their nutritional 

on the open rock surface. However, 

they do at 

- 

of giant kelp (Macrocystis integrifdia) beds 

present , (Breen, 1980: 28). 

to predation when ifl an extended position to 

can be jarred quite easily from the substrate. 

to predation when foraging (Mottet 1978: 

catch 

place during and a y r  storms and when young abalone 
', 

as they grow. Newlp settled juveniles are subject to ' 

requirements are such that they must place themselves 

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 

to mature, it must again venture out on the open rock as its food requirements are greater. . 
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 urchins 

often invade abalone habitat (Federenko and Sprout, 1982: 7-8). The boring sponge is 
- 

thought to contribute to predation by' weakening the shells of old abalone. although it is 

unlikely that this significantly affects mortality. = Shepherd et al. (1982) conducted a study on 

two species of South Australian abalone, H. laevigata and H. ruber, and concluded that. there 
t 

B 

was no significant age dependence in mortality. Breen (1980) estimated that the annual finite 

natural mortality rate in British Columbia is approximately twenty-one-percent, while the total 

annual mortality rata of fished populations is forty percent 



PART C 



Abalone that exist in the intertidal zone can be collected by 

picking is practiced on a limited scale by native Indians (Federenko 

hand at low tide. Shore 
- - - - - - - - - - - 

and Sprout, 1982: 9). At 

water depths up to about five meters it is possible, using a long pole with a chisel or gaff 

tied to the end, to catch abalone from a small boat Presently, however, almost all of the 

world catch is taken .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 duri'ng this process is a 

serious problem (Mottet. 1978: 50). 

Table 1 provides data on abalone landings in British Columbia from 1952 to 1985. 

Prior to 1976, landings were compGatively low and highly variable from year to year. In the 

mid-1970s, 

with rapid 

3a through 

Japanese demand for abalone soared and the British Columbia fishery responded 

expansion in both scale and efficiency (F'ederenko and Sprout. 1982: 1). Figures 

4a illustrate the variation in abalone landings for British Columbia ~. as a whole 

and for northern and southern British Columbia separately. In Figure 4b, the variation in 

abalone landings has been depicted for the Queen Charlotte Islands (Statistical Areas 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 

which 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 
7 
prior to 1977. 



Ta
bl

e 
1: 

A
nn

ua
l 

A
ba

lo
ne

 
L

m
di

ag
s 

(b
R)
 

in
 - 

Br
iti

sh
 

C
ol

um
bi

a,
 

by
 

re
gi

on
. 

19
52

 
- 1

98
5 

. 
. " 

b
-

 
. 

4
 

Br
iti

sh
 

. 
. 

:
 

Q
ue

en
 

C
ha

rl
ot

te
 

is
la

nd
s 

N
or

h 
C

oa
st

 
So

ut
h 

Co
as

t 
C

ol
um

bi
a 

. 
',
 

Y
ea

r 
(1

) 
C

at
ch

 
(2

) 
(3

) 
1(4

) 
%

 
of

 
to

ta
l 

Ca
tc
h 

96
 

of
 

to
ta

l 
(5

) 
(6

) 
(9

) 
C

at
ch

 
%

 
of

 t
ot

al
 

To
ta
l 

at
ch

 



.. 
,.

 *
,

 
,.'<

 
' 

1 
- 

.
I

 

. 
. 

Ta
bl

e 
1 

  c
on

^)
 

- 4
. 

B
rit

ish
 

. .
 

Q
ue

en
 

C
ha

rlo
tte

 
Wa

nd
s 

N
or

lh
 

C
oa

st 
So

ut
h 

C
oa

st 
W

l'
JW

 

. 
- 

I
.

 

n
 

(1
) 

(2
) 

(3
) 

(4
) 

(5
) 

(6
) 

(7
) 

Y
ea

r 
C

ak
h 

%
 

of
 

to
ta

l 
' cat

ch
 

%
 

of
/ 
to"
 

C
at

ch
 

%
 

of
 

to
ta

l 
To
ul
 

ca
tc

h 
P 

1+
 

I 

nr
 

=
 

no
 

la
nd

in
gs

 
re

co
rd

ed
 

So
ur

ce
: 

F
ed

em
ko

 
an

d 
Sp

ro
ut

 
19

82
; 

Fa
rli

ng
er

 
an

d 
B

at
es

. 
19

85
. 



with I- freezing* and compressingu &xtems which ,were capable of malring prolonged trips and to 
s- * _- 

la . ernploi additional divers (Federenko and SprouS 1982: l)>.~his explains the subst&ia-shin 

abalone landings from southern British Columbia. to the more remote areas of the north. 

Larger operators now found it profitable to exploit the abalone beds of the Queen Charlotte 

Islands and ship their catch out of Prince Rupert to Japan (Federenko and Sprout, 1982: 1). 
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Figure 4a 
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Figure- 5a , 

Abolone Cofch in Sf~fisl;cd Areas 
ZE ond 6.1961 - 1985" 

Figure 5b 
Abolone Colch in Sfolisficol Areas 

7 I on! 5. 1959 - 1985 

Legend 



- 

Figure $a 
Abdone Coich in Siolrriicd Areas 

- ZWmd 3; 1962-1985 

Figure 6b 
Abolone Cotch in Stqtklical Areos P 

4 aad 7. 1961-1985 

Year 



Fi ure 7a F Abalone Co ch tn Sl~lisiicd Areos 
12 ond 23,1952 - 1985 

Fi ure' 7b 
Abdcne Colc in Siolislicol Areas R 

? I9 ond 20, 1970 - 1985 
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PART D 

A REVIEW OF FISHERY REGULATION 



I 

. . Federenko 

imposed in the 
\ 

and Sprout (1982: 19-24) provide a detailed & o f  the regulatioos---- 
\ 

British Columbia abalone fishery up to 1981. Few fish& regulations existed 
, . 

prior to 1976 owing to the undeveloped nature OF the abalone 

s&n- was open year round except for a closure every third 
, - 

Additionally, 'in order to protect juvenile stocks, a legal size limit 

was in place. A few area closures had also been implemented in 

fishery at that time. The 

year during 1911 - 1947. 

of 64 rnm in shell length 

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 of pressure placed on the 

abalone stocks in the mid-1970s caused conceq @ong commercial and sport fishermen,' and 
' k 

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 November of 

implement major regulations for the 1977 season. 

The most significant alteration in the management of the abalone fishery 

the imposition of a regime of limited entfy. Licenses were issued only to 

1976 and to 

in 1977 was 

persons who 

operated vessels which landed in excess of $2,000 worth of abalone 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 a d  the permit-holders were required to place their licenses upon vessels in 

which they had to own majority interest Holders were also limited to a maximum of three 

divers per license. License renewal required a 2.3 metric tonne minimum landing. It was 

hoped that, by limiting the number of individuals participating in the abalone fishery, 

harvesting pressure on the s t ~ k s  would be reduced, thereby eliminating 

stock depletion. 

. In addition to limiting entry, the government also shortened the fishing season to eight 

rhonths, 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 



*&&. 

years. Supplementary CIOSUT~S were dm i n t r o d d  along the norUl-coast- -U,-t 
recreational and Indian food fsheries. 

Despite the controls introduced in 1977, abalone landings continued to increase, as is 

evident from Table 1. The extent of the annual harvest was believed to be excessive in 

relation to that which would allow the fishery to remain 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 of the fleet these mtasures failed to limit effort to 

acceptable levels. 

In 1979, a total allowable catch (TAC) of 227 tonnes (i.e., metric t&) was imposed 

This figure was based on the belief that the fishery could sustain an annual harvest of an 

estimated 113 tonnes, and on the assumption that some unfished stocks .with largesized 

individuals still remained The' fishery was divided into two seasons: a short open fishery 

(April 15 - May 3), and a longer quota fishery (May 8 - November 30) during which the 

remaining allowable catch was dkided 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 minimurn kvel of catch during the quota . 
a 

fishery. This avoided, 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 

.minimurn landing requirement was revoked in 1979. 

Owing to the persistence of excessive landings, &_short open Season was eliminated 
\ 

for the 1980 fishery. Subsequent to more precise biologic& 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 Be  period. of April 15 to November 30. Thus. the uniform quotas 

inuoduced in 1980 did not allow the owners of large vessels the option of fully utilizing 

their capacity. 



previously suspected In 1981, the allowable catch was decreased to 90.7 knnes. thereby - 
assigning each license holder a quota of 3.6 tonnes. The fishing season was extended by one 

month. A wider distribution of fshing effort was attempted by the reopening 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 tomes so that individual 

quotas amounted ts 2.7 tomes. 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 tomes or 2.3 tonnes per licensee (Farlinger and Bates, 1985: 

The repeated reductions in the size of the individual quotas were a response to the 

belief that catch 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 

responsible for necessitating reductions in the size of the quota, an additional factor m a y  

have contributed to this necessity. The incentive to take catches in excess of the level 

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 6 be realized. It is possible, and indeed probable, that 

some of the participants engaged in "quota busting" (Copes, 1986). The data in 

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

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 apparent 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 pennits maximum economic returns to the fishery. 

a requisite to obtaining maximum 
-.. 

benefits is that of adequate stock 



conservatio~. "Tke remainder 

level of catch and effort and an evaluation of previous and patentid metho&_ W allcr~ its 
- 

achievement 



PART E 

ECONOMICS OF THE ABALONE F ~ H E R Y  



The Sus~&~!d Yield Curve for Abalone 
- 

- - -- 

B 

The way in which fish stocks react to exploitation provides the basis From which 

fisheries management decisions are made. It is important to detemine, in any given instance. 

whether fishing operations are or are not being undertaken in a manner ultinktely wasteful 

to the stock. This is a difficult task owing to the complexity and variability of the 

conditions which. must be taken into amqt Russel1 (1931: 5-7) simplified the problem by 
-- 

considering a completely self-contained stock of fish of one particular kind living in a large 

area which is systematically fished. He also assumed the employment of perfectly selective 

gear such that no fish below a particular P g t h  or size entered the catchable population. 

Russell maintained that the weight of the catchable stock at the end of the year (P,) could 

be deduced from the weight at the beginning 'of the year -(PI) as follows: 

where, 

A = the amount by which the stock of fish of catchable size 6 increased in 

weight by recruitment2 of new individuals during the year; 
k 

G = the increase in weight of the stock by growth during the year; 

C = fishing r n ~ d i t y ; ~  

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 "recruitmentn refers to the biomass weight of fish entering the catchable 
population during a given time period (Anderson. 1977: 23). - 

Fishing qartality 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. 



B 

fishing and natural mortality. Specifically, 
- - - - -  

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

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

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

Schaefer (1954) assumed that the g r d  of the fish stock is a function-of its size in 
- 

weight The Schaefer model considers the fish population as a whole and amcentrates 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 natursl rate of increase of the stock, KP), as the sum of additions to the 

stock by recruitment and growth, less subtractions by natural mortality. That is. 
I 

where P = the size of the stock of fish'of catchable size. 

The Schaefer analysis also 

function of population, f(P), 

= consideration, can be represented 

assumes that the net increase in biomass of a fishery as a 

taking rerruitmenL growth, and nanual mortality into 

by the follodng relationship: 

f(P) = aP - bP2, 

where a and b are constant parameters. This relationship can be depicted as a yaabolic 

curve, as shown in ~igure-  9. 

Suppose, initially. that a small fish population is introduced to an area of the sea 

where there was previously no fish. It appean reasonable to assume that to begin with, 
- 

population growth will initially be proportional to the population; that i s  

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

the fish stock (Cunningham et al., 1985: 28). 



Figure B:_BialogicaL Produmq . . Cum--- 

Since a given area of the sea is limited in size, there must pe sohe 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, according to tSe degree of crowding. At population 

levels between 0 and PM, individual growth and recruitment together are high relative to 

natural mortality; thus the growth rate i s  increasing. At population levels beyond PM. natural 

mortality has increased to the extent that the growth rate of the population begins to 

decline. This is because a larger number of individuals are now competing fcr the same - - 

amount of limited space and food The point, P', represents natural equilibrium, where 

recr$tment and individual growth are just balanced by natural mortality, and the growth rate 



of the stock is zeto. In the absence of fishing, the stock will always tend toward this 

natural equilibrium popuiation leveL 

Now consider the effects of an introduction of fishing on a stock which is at its 

natural equilibrium size. With the removal of part of the stock by fishing, it is reduced to 

a lower abundance. However, at the lower population level, the rate of stock replacement is 

larger, so that the removals f ~ o m  fishing are at least partially offset by the ability of fish at 

lower levels, of abundance to reproduce, survive and grow better (Schaefer.. 1954: 54). With a 

steady-state level of fishing effort, a new population equilibrium will be achieved at that 
* 

population level where the net' increase in weight from naNral factors just equals the net 

decrease due to fishing mortality. A dfferen t  equilibrium population will result at .each 

long-run level of effon The catch which can, on avqage, 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 which is in equilibrium with the productivity of the 
' 

population at any given level (Schaefer, -1954: 54). The catch corresponding to this 

equilibrium is sustainable bemuse the yie!d each period is replaced by natural increase 

(Anderson, 1977: 25). 

As the ' fishery. becomes increasingly intense and continues to remove each year a catch 

in excess of the, equilibrium catch, the population' falls continuously. The natural rate of 
6 

increase and the corresponding sustainable yield, however, rise for a time as the population . 

falls. There is eventually reached a. population level 'at which sustainable yield is a maximum. 

Further increase in fishing intensity drives the population down to levels where the natural 

rate ~f increase, and thus sustainable 

than maximal. 

The above relationship between 

Schaefer, is depicted in Figure 10. 

representing sustainable yield catches 

yield, begin to decline; that is, equilibrium catch is less 

fishing effort and sustainable yield, as hypothesized by 

The sustainable yield curve is the locus of points 

for each level of .effort ( ~ n p e k n ,  1977: 26). It is 



. 
Figure 10: Sustainable Yield Curve 

EFFORT 

6 

important to recognize the relationship between Figure 9 and Figwe 10. At natural 

equilibrium (P* in Figure 9). there is no effort being applied to the stock (0 int&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 Figure 10). Thus. under simplifying assumptions. 

Figure 10 is a rrirror image of Figure 9.' 

It is important to note that the relationship depicted 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 the stock has adjusted to the corresponding level of 

. .I Specifically, it must be ass&& that catch per unit of effort is a linear function of 
effort See Cunningham et al. (1985: 29-36). / 



fishing effort applied on a sustained basis (Copes, 1978: 25). Thus, the level of catch - 

associated with a particular amount of effort in a given beriod is not necessarily a point on 

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 curve. During periods in which dffort is increasing, short run catches will 

likely exceed long run yields since the stock will not have, had time to- adjust to the higher 
, r' 

effort levels. That is, that proportion of the ,catch in excess of the sustainable yield 

represents depletion of the biomass, and will not be replaced by growth. Figure 11 depicts . 
this short-run-long-run relationship. When effort is expanded from 0-  to Q, the fishery is 

expected to follow a course such as that depicted by loop k The sustainable catch for OQ 

units of effort is the amount. given by PQ. Loop m represents an increase in effort from 

OR, to OX, followed by a reduction of effort from OX to OT. The shapes of the short-run 

loops 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 path of loop k, for example, is initially 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-m yield 

curve. 

During periods of effort reduction, short run catches will tend to fall below the long 

run yield curve. When effort is reduced from the level associated with point U on the yield 

curve to. the level OW, short-run catches will follow the path depicted by loop n in Figure 

11. The reduced effort is being applied to a relatively small stock occurring at the' previously 

. high level of effort Stocks will take . time to recover from the previously high levels of 

- fishing pressure. However, the declining effort will permit stocks to recover and eventually 

allow higher catches to be obtained. Thus, the reduction in effort will initially 

to decline proportionately, after which .the short-run path approaches the long-run equilibrium 



Figure 11: RelationshCp Between Short 
Run and Long Run Yields 

=. 
'\.& * 

EFFORT- \ 

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 the 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 of natural 

increase will be very slow. This is because recruitment will be low, as it is in any small 

fish population, owing to the small number of mature individuals, but mainly because 

individual abalone grow very slowly. Thus, the maximum growth rate will be approached very 

gradually. Since abalone are a long-lived species, the rate of natural mortality is relatively 

low; thus the growth rate will begin to decline very gradually after the ngximurn growth 



rate has been attained. Conespondingly, the long-run sustainable yield curve for abalone 

should also be shallow. That is, only a small number of abalone, relative to tatal population 

size, can be taken per period if the amount taken is to be replaced by natural growth. 
-+ 

- 

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

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

day a vessel pdcipates in the fishery is counted as one unit of effort. It is recognized that 

this unit of effort is inaccurate for a number of reasons. It applies equal weight to all days 

when, in fact the proportion of the day actually spent diving for abalone varies. Additionally, 

it does not discriminate between boats utilizing different numbers of divers. Thus, an 

abaloneday 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 preferable 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;"thus providing only seven observations of effort and corresponding short-run catch. In 
*. 

general, such a limited number of observations does not provide enough information from 

which to construct a sustainable yield curve. Another potential measure of effort is that of a 

"diver-day". This information is available from 1977 onward, and therefore provides only nine 

observations of catch and effort Thus, with the exception of the Queen Charlotte Islands. 

Table 2 records effort in terms of abalonedays. This information was not available for most 
1 w 

yeifrs in-,wpich catch was taken from. the Queen Charlotte Islands; the diver-hour was chosen 

as  the aliernati,ve unit o f  effoh. for thjs region. Abalonedays were not recorded in 1971 or 
1 

. - . . 
.. 

1979 and are not yet available for 1985. The d& for 1979 iind 1985 have been estimated 

from data available on diver-days for those years? Specifically, the percentage change in the 
8 -  

number of diver-day5 from 1978 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 abaloneday as a measure of fishing &Ebrt, it can be cw*demhm 

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 

accounkng for differences in skill among abalone fishermen. ~ddi t ional i~,  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 expansion of effort on the 

nor+ coast after 1975 was largely generated by unskilled abalone fishermen. Additionally. 

previously unexplored areas in northern British Columbia became major producing areas after 

1975. The likely consequence bf a reduction 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 (Horngren, 1977:206). As 

experience 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 curven6 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 lea.@ng process is being looked at from 
a seasonal perspective in this case, the learning curve is more likely to be approximated by 



Figure 13,: Learning Cune 

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. 



The learning procedure can be divided into two wmpnents: the procur'ement of diving 

skills as experience is gained; and the process of familiarization with previously unexplored 

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

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 exploited - for 

many years. If there is a sudden influx of new entrants into the fishery, one may reasonably 

expect the average product of fishermen's labour in fishery to decline. Relative to 

experienced fishermen, the new participants have &!howledge regarding the specific 

habitat in which abalone are abundant and thds require more search time; additionally, 

the newcomers will be less adept in the actual collxtior: of abalone. As was noted in Part 

B of the thesi me dexterity is needed in order to remove individual abalone from the T 
substrate unharmed. In time, however, new entrants will acquire these skills. It is desirable to 

derive a reasonable estimate ofa-the effect of the acquisition of labour skills on the 

productivity of effort- Column 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. Assume that it takes three years for the average newcomer 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 kom 1975 to 1976. 

Although slight, the level of effort again increased in 1977. It is known, however, that this 



was not due to further entry; in order to qualify for a license ia 1977, fishermen had to 

meet a minimum landing requirement for 1976. Therefore, the average level of skill in the 

fishery must have increased from 1976 to 1977. thereby regutting in upward graslne 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 considered 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 obtainmdnt of @ills. the years 1972 to 1975. and 1976 to 1979 constitute the 
I - 

6- I 

"learning phase" which i ~ 6 l l o w e d  by the maintenance of the "steady-state phase". 

The hypothetical situation described above can be summarized- by using what shall be 

termed a "skill index", which 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. That is, the level and productivity of inputs other than labour are 

assumed constant One might think of the introduction of a unit of labour as adding to' the 

effectiveness of a unit of effort Here. one unit of effort is an abalone-day. The abaloneday 

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 acquired all 

necessary skills for harvesting abalone. When exerting a unit af 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 average fisherrnan who employed 

equally productive capital and harvested an area identical to that harvested by the average 

fisherman in 1975, would have conmbuted sixty percent less to the effectiveness of a unit of 

effort than the average fisherman in 1975. 



Table 3: Skill index for the British Columbia Abalone Fishery, 1972 - 1979 -- - 

Year Skill 
Index 

Now consider the impact of labour on a unit of effort when the exploitation of 
I 

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 for 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 south 

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 



been less intense than that in northern - British - - Columbia - - - -- It - is - doubtful -- -- thit the effect -- of - 

entry on labour's contribution to an abalone-day varied significintly 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 fill1 

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 la ur impact indices for areas in southern British Columbia are slightly different 

than those f 3 areas in northern British Columbia Dating back to at least 1952, areas along 

the south coast have provided abalone catches every year, with the Aexception 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 on an * * 
abaloneby. Consequently, columns 3 and 4 of Table 4 are simply reproductions of the skill 

index  show,^ in Table 3. 



Table 4: Contribution Indices for the B~itisb A ~ o n e - F ~ b y l e g i o 1 1 - - f 9 7 2 ~ - - - -  -- 

1985 
F. 1 

. 

Indices of Labour 
matt 

Index of 
Capital ' 
Impact 

(1) (2) (3) 
Areas North South British 

(4) 
Areas 

( 5 )  (6) 
British 

Year 2 E a n d 6  Coast 12 and 20 Coast Columbia Columbia 

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 effon levels measured in abalone-days are unavailable 

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

t .- 
where, 

LIgC = index of labour impact on effon for British Columbia abalone fishery in 

period t; 
'h 



LIS = index of labour impact on effort for south coast abalone fishery in 

period t; 

P LIN = index of labour impact on effm for aeAlt msst abalone fishery h - - 

period t; 

AI$ = number of abalone-days fished in southern British Columbia in period C 

4 = ?umber of abalone-days fished, in northern British Columbia in m o d  . -. 
c' " 

= total number of abalonedays fished in ~r i t i ih  Columbia in period c 

The proportionate nurribcr of diver days7 for 1978 and 1979 were employed as the weights 

for @ose years. That is. 

where. 

~4 = number of diver-days exerted on south coast in period t; 

D$: = nurhber of diver days exerted on north coast in period t; 

D$' = total number .of diver-days exerted in British Columbia in period t; 

The learning curves for the north coast, south coast and the whole of British Columbia 

are illustrated in Figures 139. 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 &d fainiliarity with the fishing ground have been fully 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 Bend in productivity of effort where only fishing skills and 

the areas harvested are , allowed to vdj .  Other variables affecting productivity are held 

constant An additional factor which is Lkely to have had a significant e n k t  on the 
- 

Farlinger and ktes,  1985. 
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productivity of an abalone-day is the employment of more efficient vessels. As mentioned 
- - - - - - - - - - - - - 

earlier, there was an influx of vessels equipped with air compressors and freezing systems in 

1976. Again, owing to insufficient data, it is not possible to dstennine the precise e f l a  of 

the use of more efficient capital upon the- productivity of _effort, but a hypothetical scenario 

is helpful. In 1976iV %average vessel's mntributi~n to a unit of effort may have been thirty 

percent greater than that in 1975. The imposition of limited entry in 1977 likely resulted in 

the exit of the least efficient vessels, thus causing the average impact of capital on a unit 

of effort to rise further, perhaps by another twenty percenr  he/ efficiency of the fleet 
2 s  

continued to increase through 1978,' after which the impact of capital likely reached a 

plateau a t  say, sixty percent greater than the average contribution of capital in 1975. The 

"index of capital impact" corresj>onding to this scenario is shown in column 6 of Table 4. 

Table 5 summarizes the effects of learning and the additions of capital to the abalone 

fleet through the use of an index of ,effective effort9 which has been derived by aggregating 

the indices of labour contribution and capital contribution. For example, in 1976 an 

.abaloneday generated only sixty-two percent of the effectiveness of a "standard" abalone-day. 

A ' "standard" unit of effort is that which reflects the productivity of a skilled abalone 

fisherman, harvesting an area with which he is completely -familiar. and employing the type 
a 

of vessel which is representative of that which was used prior to 1976. Since. in 1976; the 

a,ierage fisherman contributed sixty-eighf percent less to a unit of effort than the standard 

fisherman, and a unit of capital contributed thirty percent more than the standard unit, it 

may be deduced that a 1976 abalone-day was thirty-eight percent lessT effective than a 

standard abaloneday. 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 hlm, stems from 

---J 
Federenko and Sprout, 1980. 

The notim of "efktive effort" and its implications was obtained from P. Copes in 
personal conversation. 



- 
Table 5: Indices of Effective Effort, by region, 1972'- 1985 

(2) 
North 

(3) (4) 
' Areas South. 

( 5 )  
British 

Year 
J 

Coast 12 and m Coast Columbia 

, .40 .40 
.70 .70 
.90 .90 

1.00 LOO 
.70 .70 

1.20 1.20 
1.50 1.50 
1.60 1.60 
1.60 1.60 
1.60 1.60 
1.60 1.60 
1.m 1.60 
1.60 1.60 
1.60 1.60 

na = not applicable 

\ 

the assumption ttr& average units of labour in each year under consideration are equally 

adept at using the capital introduced to the fishery after 1975. This is a valid assumption if 
6 

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 iri Table 6. The extent to 
t 

which -the index of 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 generally differ from 

that d indicated in Table 2. Following. Copes (1978), the "loop methodw has been utilized. in 



L - 
0 

Table 6: Adjusted JZffort in the British Columbia Abalone Fishery,by region, 1932 - 1985L~ 
p- 

(1) (2) 
Area Area 

(3) 
North 

(4) 
Area 

(5) 
Area 

(6) 
British 

Year 2E 6 Coast 12 20 Columbia 

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 yield-effort curves, it is possible 'to obtain a relationship 

between the short- and long-run similar to that depicted in Figure 6. Figures 14a to 176 

include derivations of the sustainable yield, curves for Areas 2E and 6, the north coast and . 

for the British Columbia abalone fishery as a whole. The yield curves for southern British 

Columbia have been omitted as there is no discernible pattern between short-run and 

long-run catches for this region. 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. 

Ickally. one should be dealing with a discrete stock. In the case of abalone, there is a good 

deal of stock lmlization 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 eaci area: one using the unadjusted level of effort shown in Table 2 and another using 
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Figure 16c 
Y ield-Effort Relationship for 
Northern British ~olumbia 

Adjusted effort in abalone days 



Figure 16d 
Y ield-Ef fod Relationship for 
Northern British ~olumbia 

Adjusted effort in abalone days ". 
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Figure 17c 
Y ield-Ef fort Relationship for 

British Columbia Abalone 
Fishery, 1972-1985 
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Figure 37d - 

Yield-Effort Relationship for 
British Columbia 
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the adjusted effort levels shown in Table 6. A magnified- version of each of thepht te r -W 

also" been provided. Of pakcular interest is the size of the short-run loops. Their 

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

contemplating the course which the British Columbia abalone fishery has followed since the 

mid-1970s. Few areas of northern British Columbia were exploited to any significant extnt  

prior to 1976. The biomass was allowed to maintain its natural equilibrium level with few 
i 

interruptions from fishermen. The large expansion in catch from 1975 to 1977, observed in 

Area ZE, :bus consists of partial depletion of the biomass plus the growth in the stock that - 

ockmed during that period. Note that it is only the annual productivity of the stock that 

constitutes a sustainable yield Therefore, that proportion of the catch that can be attributed 

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

Breen (1980: 27) r pbrts that the existence of abalone aged fifty years or more is not 2 
improbable. The longevity of the species implies that unharvested stocks can reach very high 

population levels. It is likely, then, that a substantial proportion of the observed catch from 

Statistical Area 2E represents a fishing down of the biomass. The slow-growing nature of 

abalone will cause many yeas to pass before a large reduction in the biomass is replaced 

by stock recruitment. The long-run yield associated with the effort levels observed in Qe 

mid- to late-1970s is, as may be observed, far below the corresponding short-run catch. The 

same phenomenon discussed above can be observed in Area 6, with biomass depletion 

occurring later than in Area 2E. Area 6 may, in fact, have posed as an alternative to Area 

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

The derivation of yield curves using the adjusted measures of effort- allows for a more 

accurate estimate of maximum sustainable yield for the areas under consideration, than if 

effort remained unadjusted, Figures 14e and 15c indicate that the maximum sustainable yield 

for Areas 2E and 6 are 13,000-13.500 kilograms and 11,000-11,500 kilograms, respecti.vely. 



The importance of a l lof ig  for variations in_ the average levd of -effective effort 

through time becomes particularly evident when comparing Figures l6a and 16b. As can be 

observed, the use. of adjusted effort levels results in an estimated yield curve that is 

significantly diffeient than the one derived using the unadjusted measure of effort. Figures 

16c and 16d imply a maximum sustainable yield of approximately 45,000-46.000 kilograms for . - 
northern British Columbia. Figure 16d represents a magnified version gf the sustainable yield 

curve for thi north -coasr, where. the years,1976-1979 have been omitted. Figure 17c in* 

that the maximum* sustainable yield for the British - Cblumbia abalone fishery as a whole is 

approximately 7@,bb-7i.000 kilograms. The yean 19761979 have been 'omitted in Figure 17d 
- .  - -  

to allow for easier viewing of the curve. The maximum sustainable yield estimates for 

northern ~ritish' Columbia and "the British -Columbia total imply that the maximum sustainable 
r e  

yield for the south mast is about 25,000-26.000 kilograms. Note that each of the yield 

curyes have been left "open-ended!. This is contrary to Schaefer's logistic growth model, 

where yield curves take on the shape of a parabola. It is highly unlikely, however, that the 

sustainable yield curves for most fish populations precisely conform to such a functional 

relarionship 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 proportion of the sexually mature individuals are below 

recnitment 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 fdr drawing a zero-ended yield curve. 

The preceding analysis has concerned itself with ascertaining the sustainable yield curve 

for the British Columbia abalone fishery, and the ibentification of maximum sustainable yield. 

It is important to realize that the maximum sustainable yield refers to ths: maximum amount 

of the 'abalone population that can be removed on a sustained basis. That is, the .maximum i 

7 

sustainable yield is the largest catch per period that allows the mintenance of a stable 



population size in the long run. Such a measure is not nece_ssariry indicative of what s h d d  
, 

be harvested ' on a sustained basis Fishing effort should be applied in such a way that net 

returns from the fishery are maximized The sustainable catch corresponding to this level of 

effort does not necessarily coincide with the maximum sustainable yieid Specifically, the net 

benefits obtainable from fishing may be greatest at a level of effort which is lower or 

higher than that associated with maximum sustakable catch. The sustainable level of catch 
'\ 

associated with the highest net r e a m  from fishing is referred to as maximum net economic 

The Determination of Maximum Net Economic Yield 

In order to estimate the levels of catch and effort that amespond to a situation in 

which the net returns from fishing are maximimized, it is necessary to ascertain the 

relationships between revenue and 'effon, and cost and effort Presumably, the exertion of 
u 

different levels of effort results in various levels of costs d revenues. The objective here is 

to identify that level of effon at which the excess of revenue over cost is greatest This is 

achieved by deriving the long run revenue and cost curves. 

The sustainable yield curve generated by the Schaefer model can be easily transformed 

into a sustainable revenue curve. By assuming a constant price for fish, 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 fraction 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 effon Such an assumption rests on the 

hypothesis that long run effort is varied by the expansion or contraction of the number of 



- Figure 18: Theoretical Derivation of Cost and Revenue Curves . 

optimallysized 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 wwle is equivalent to . total costs (.4ndemn. 1977: 31). In 'an 
Y 

unregulated fishery, new fishermen will be attracted into the fishery as long as there exists 

profits; conversely. if losses are being generated, some operations will exit the fishery 



Point B in Figure 18 corresponds to "maximum net economic yieldw, where the revenue 

obtained from exerting an additional unit of effort is equal to the cost of doing so. It is 
, x- 

dear that s h e  form of regulation is required if fishermen are to be induced to apply effon \ 
in a manner that - profits. 

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 

to maximize their individual wealth. If the individual wealth-maximization hypothesis holds. 

why, then, do fsherrnen, acting on their o m  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 fishing effort than that associated with open-access equilibrium. This is easily seen by 

inspecting Figure 18. At the open access equilibrium level of effort, OK, no resource rents 

are being generated At lower levels of effort, the existence of positive resource rents allows 

for the distribution 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 fishing mortaility. Thus,, effort levels below the open access level are associated with lower 

total costs; consequently positive resource rents are generated. 

What initially appears as irrational behaviour on the part of fishermen can be fully 

understood and justified upon consideration of the nature 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 

application of effort levels that fall short of 0% in Figure 18 result in all fishing enterprises 

e a F n p  revenues in excess of their total costs, wher; costs include normal returns to capital 

and labour. In an open 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 ~ ~ h l r n S  to capital and 
4 



labour are available. This phenomenon does not exist in ather industries yhere the _fumsUmSor 

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

fishing industry, no one fm (fsherman) is able to influence the catch per unit of effort in 

the fishery. Rather, this will be determined by the combined independent decisions of all of 
. \ 

the individual boat operators, (Anderson, 1977: 58). Although each fisherman acts independently 

as a profit maximizer, the combined actions of all fishermen result in a s u b k p t i d  

configuration of effort and catch. - .  

Derivation of the Long Run Revenue Curve for the British Cdwnbia Abalone Fishery 

The annual revenue from fishing is the of the price per unit of catch and the 

toral catch taken 'in a particular year. Table 2 records the annual abalone catch in kilograms. 

Table 7 records the' landed price per kilogram of from 1970 to 1985 in current and 

constant (1981) dollar terms as well as the associa nstant dollar landed value.1•‹ Note 

that columns 1 and 2 of Table 7 record the average p ' es per kilogram and have been \ 
obtained by dividing the total annual revenue received 

reported catch. The landed value figures represent 

dollars. 

by the total quantity of 

in consrant (1981) 

It is important to note that it is the sustainable or long tun revenue which is of 

ir.,erest That is, it is desirable to determine the maximum return from the fishery that can 

be attained on a perpetual basis. Therefore, the relevant variable to be considered is the 

long run or sustainable catch rather than the short- run catches recorded in Table 2. The 

latter are catches that are npt generally sustainable at the corresponding effort levels; 

l o  Federenko and Sprout (1980) record nominal prices from 1952 to 1980; nominal prices for 
1981 to 1985 were obtained from Fisheries Production Statistics of British Columbiq 
1981-1985, Marine Resources Branch, Ministry of Environment Province of British Columbia; 
real prices in 1981 constanr 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 CPI was chosen over the GNP deflator series because, in general. less than 

of the total landed value is reinirested into vessel maintenance. Thus, the CPI gives a 
more accurate indication of the purchasing power of fishery revenues. 



4 
', 

Table 7: Landed Price (per kg.) in Nominal Terms and in Constant UBIllJ Dollars, 
and Constant (1%1) Dollar ~anded Value of Abalow in British Columbia, 1970 - 1985 

Year 

(1) (2) (3) 
Landed Value 

Price in constant in constant 
Nominal Price ($) (1981) dollars c (1981) dollars 

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

consequently. the revenues that are generated by these short-run yields are not sustainable at 

those levels of effort. Part D of the thesis included the estimation of the sustainable yi,eld 

, curve for the abalone fishery. Recall that this curve illustraied the relationship between the 

level of effort expended per period and the long-run catch associated with each level of 

I 
effort It is possible, therefore, to ascertain the long-run catch for particular levels of effort 

by inspecting Figure 17c. This information is recorded in Table 8. The effort levels recorded 

in Table 8 are adjusted effort levels which are capable of generating the corresponding 

sustained catches recorded in column 1 =of Table 8. 

Long run revenue is obtained by multiplying the long run catches. by the price. 
%. 

However, it is immediately obvious from. column 2 of Table 7 that there has been a great 



Table 8: Long Run Catch aod the I W a t i O ~  Betmen Price - -  

and Long Run Revenue, by h e 1  of Adjusted Mort 

(1) (2) (3) (4) ( 5 )  
Long Run Long Run Long Run Long Run 1 

Long Run Revenue($) Revenue($) Revenue($) Revenue($) 
Effort Catch(ki3.) (P=S2.24) (P=W.00) (hS7.59) (PJ9.42) 

P = constant (1981) price per kilogram 

deal of variatiofin 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 Columbia supply of abalone constitutes only a small proportion of the world's supply. 

Therefore, the quantity of abalone produced in British Columbia will have 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 revenue 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. 1 

By inspecting a l u m n  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 



Figure 19 
Sustainable Revenue Curves 
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integration of British CoIumbia abalone sales into the Japanese market, It may be conjectured 

that a point of stability in the landed price, of abalone has been attained The average 

anstant-(1981) dollar price prevailing frorn 1382 to 1985 is V.44kg. lt seems reasom& to 
* 

employ the long run revenue curve h t e d  with this particular price in the T 
analysis of the British Columbia abalone fish ry. Table 9 records the resulting long run 

, - t 
revenues and corresponding adjusted levels of effort for which long run catches were pqssible 

to estimate. The long run revenue curve that is representative of the data presented in Table 

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

revenue of approxinktely $ 5 q .  

. '  Derivation 'of the Long Run Cost Curve for the British Cdunbia Abalone Fishery 

A brief digression regarding the way in which. the cost data for this fishery have b e 3  

estimated and compiled is necessary. In 1983, the Department of F~sheries and Oceans, 

Vancouver. B.C.. conducted a cost sand 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 

-survey and were categorized according to vessel length. The raw data, of particular interest to 

this paper have been reproduced in Table 10. The miscellaneous costs rcferred to in Table 
.- 

10 include items such as moorage, gear storage and accounting fees. Additional informatian 

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

in Table 11." 

In order to generate cost estimates from the available information, the following 

assumptions have been made: 

1.. The composition of the fishing fleet with respect to vessel-length, remains constant at 
> 

the 1982 distribution for the period in question. 

2. The proportion of abalone earnings relative to other fishing earnings for each vessel 

category dso remains constant at the 1982 level. 

" Unpublished data. Department of Fisheries and Oceans, Vancouver, B.C. 

, A  ' 
#' 

68 



"able 9: Effort (Abalow-Days) and Long Run Revenue (fn 1B1 Comtant DoUars) 
in the British Columbia Abalone Fishery 

Effort 

Lung Run 
Revenue 
(l'=$7.44) 

3. The cost data obtained. for each vessel category, from the 1982 survey are 
\ 

representative of the average vessel in that category. 

4. There are no absentee owners. 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 1985. Each of these costs is associated with a fishing vessel. Since many of-  the 

vessels are 'also engaged in other 

of the fixed costs to the, abalone 

per vessel attributable to abalone 

There is of course, no need to 

license. Each series of data in 

fisheries, it is inappropriate to allocate onehundred percent . , 
(- L, . 

fishery. Instead, the proportion of average fishing earnings '.- 

has been used as a proxy for allocating the fixed costs. 
/-' 

apply this prmedure to data on the cost of the abalone 1 

Table 12. with the exception of license fees, has been 

indexed according to a price series for capital expenditure in the Canadian shipbuilding . a d  

D 

The tender is a separate indwidual 'from the abalone fisherman whose input involves the 
cleaning and .storing, of abalone catch. 



British-~okunia Abdone Fishery, 
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Average market 
value of vessel 

at end of 1982 season 

Average outstanding 
debt per vessel 

at end of 1982 a s o n  

Average fuel. oil and 
grease cost per vessel 

Average cost of 
provisions per vessel 

Average repair and maintenance 
costs per vessel 

Insurance, license fees and 
miscellaneous fixed costs per vessel 

Source: Cost and Earrungs Survey, 1982. Department of Fisheries and Oceans, ~a&ouver. .kc. *, 

boat-building industry and is recorded in constant (1981) dollars.13 
. t 

' 
The average' opportunity cost of capital per vessel, seen in column 1 of  able 12, ' is . 

based on a five percent red rate d return to vessel value per year and .has been calculated 

as follows: . 

where, 
. < 

OCK = average opponunity cost of capital per vessel; 

13 Catalogue Number 42-218. Statistics Canada. 



t -. . , , * . ., ' 
b " .  . ' 8  'C 

e - ., : Proportion of Vessels .in &ch . a, . 31.82% % 45.45% ; 22.73% - 
eb9 V-1 &en@ Cai6ep,ory :. y L '.\& 

, - + ;". , % , -  
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- . .  
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' &oprtion of TO& 'Fishing - _. . 80.0% n' 29.3% v.9% a 
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" ~ 

O e  the Abidon'e' Fishery -e -3 8 P . +wL 

, . . - 
> ,  ** , 
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' " 

- 
-t 

Proportion of #~otal  Fishing 79,Wo - -  73.%: A 62.3% 
a Days '~ttributable to the + '+ G 

P Awonc Fishery' 
\ 

. i 
0 - 

s 4 l Source: ~&ublishkd data, ~ e ~ a & n e n r  OK ~isherier and Weans: Vancouver. B.C. 
q .  

i 

V, ,=>average market value of vessel in Om. - 8.8m catego& 
D 

, > 

V2 = average mrket value of vessel in 8 . h .  - 13.4n otegory; 
. 1 ,  

J V, = average market vdue ofo vessel in 13.5m. > category;' 
0 

r = real rate of return (5%);" 
I 

b 

a,, a,, a, = proportion of rod v&k in each catego?; 

b,, b,, b,' = respective prop6rtions .of .fishing earnings attributable to abalone in each vessel 

category. 

- 2  
4 

The average opportunit) cost of mpiial per vessel represents the amount that, would be 

necessary to 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 market value of the vessel. As is indicated in ' 

Table 10, the avefape -fisherman resorted to at least partial external f m  far the ' - 

" b e d  on personal conversation with Richard Jacobson, Head of Shellfish Division, 
Department of Fisheries and Oceans, Vancouver. B.C. 



i 

pu~chase of vessel and gear. Thus; the o p p o a t y  cost of capital niust also include the p s t  
- - 

of debt ors interest payments. In performing the above calculatiod it has been implidty 
-, 

qsumed that the average fisherman has complete ownership rf ,his ~es-sel. If, however, it can 

be assumed t h t  spitid markets are frictionless, then the real rate of return on foregone 

investment alternatives is identical to the real cost of borrowing. Under these circumstances, 

the above method used to estimate the opportunity cost of capital generates the same result 
$ 

as would the summing of interest payments and earnings which coul~&de been realized if 
s c  

2' 

the capital tied up in that proportion of h e  vessel which was b e d  -had been %vised - 

dsewhere. /' ./ 
5 < 

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

of thilrty years: l5 

where, 
9 

d = rate of depreciation (3.33%). 

Similarly, repair and maintenance costs (RMCJ h$vg been calcdated as 'followst 
I 

i D i  

The series recorded in the column labeled "Insu6nce and Iyfiscellaneous Fixed Costs" 
Y 

(IMC) was obtained sihply by Bhbuacting the $200.00 lieense fee from the data resorded in 

the last category of ~ a b j e  10 and performing' the following 'hculation: 

The license' fee series -has7 been deflaied 8ccording to the Canadian hnsurner -price 
, > 

- 
indexl\It tiy be noted from Table 12 that, from 1977 onward, the number of licenses . 

3 

"2 

l5 Based on personal*conversation with ~ i cha rd  Jacobson, Head "of Shellfish Division, 
'Department of Fisheries and Oceans. Vancouver, B.C. 

l 6  ba logue  NurnBer 62-010, Statistics .Canada. 
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exceeds the number of v k l s .  When limited entry was introduced in 1977, abalone licenses 
9 "  

were issued to individuals with the restriction that the licensee must place the license upon a 

vessel in which he was the major owner. No explicit restricitons were on the number 

I- 

I )  

of licenses per vessel. Although licenses were deemed nontransferable, it became possible for 

an individual operator to accumulate more than one license by "leasing" licenses From those , 

operators le&ing the ahalone fishery. 

w ,  - 
* Table 13 sulnmarizes the operating costs incurred in the abgone fishery for the period . 

1975 to 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 acmrding to the 

Vancouver price index tor motor gasoline.'' 
- 4  

=FOG = a , b , ~ 0 G ;  + a2b,FOG2 + a3b3FOG, 

Divers and tenders a e  paid on a share basis with the forper generally receiving 

between twenty and thirty percent of the total landed value of abalone and the latter 

between five and ten percent It is assumed t h a ~ -  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.18 By taking the 

I midpoint of this range, average labour costs per vessel (LC) in (1981) constant dollars have 
II % ,  

been estimated at 32.5% of average landed value per vessel per year:. 

where, 

LV = total landed value per year in 1981 constant dollars; 

N = number of vessels participating each year. 

Note that the series far the landed value of abalone has beep taken from column 3 of .* 

l 7  Catalogue . Number 62-010. Statistics Canada. 

l a  Based on personal conversatinn with Kevin Bates, Department of Fisheries and Oceans, 
' 

Pmce Rupert B.C. 
m 



Table,. 7. This series has been deflated according to the Canadian ebn_sumer pr& index. It is 
- - t 

J 

unecessary, therefore, to deflate the labour cost series. It is also important to note that this 

series does not include a return to the vessel owner. 

As a proxy for allocating provisions per vessel (P) to the abalone fishery,; the 

proportion of fishing days spent in the pursuit of abalone has been employed: 

where. 

f,, f,, f, = average proportion of fishing days attributable to abalone, for each vessel category. 

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

5 . 
Column 3 of Table 15 bprovides. an estimate of the labour opportunity costs of' abalone 

< 

fishing (OPP) to' the vessel owner/bperator. In addition to the direct monetary outlays 
l' 

, , 

required for operating experses, the 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, which reaords the average opportunity cost of the vessel and gear. Fishermen 

also incur an opportunity cost in terms of foregone earnings from alternatiie employment In 

order foi ibiione fishing to be worthwhile, the returns from fishing must cover that which 
, . 

- could be earned by an individual in his best alternative form pf employment in addition to 

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

- vessel owner/operators. Specifically, tRe vessel - owner/operato~ hires divers to collect abalone 

7 
and compensates them with a percentage of- the lxxed value of abalone collected by \ 

C 

individual divers. Although the vessel owner/operator may also participate in the abalone 

diving," it is assumed that he is not compensated 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. 



Table 13: Average Operating Costs Per V& in the British 
Columbia Abalone Fishery, 1975 - 1!M 

,- 4- (in constant 1981 d m )  

Year 

(1) 
Fuel, oil and ' 
grease (FOG9 ' 

(3) 

Provisions (P) 

- -- - - -- 
c' 

Source: Cost and Earnings Survey, 1982, Department of Fisheries and Oceans, Vancouver, B.C. 

8 

at least as much in the abalone fishery as they would in any other form o[ employment 

' available to t h e n  The labour costs recorded in column 2 of Table 13 thus include 
h 

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

cL 
fmm fishing.*O 

I 

. , I  

'The British Columbia .abalone fishery is a part-time fishery. m a t  is, most participants 

also engage in fishing other species. It is reasonable to presume, therefore, that the vessel 
"'j 

owner's opportunity cost of fishing abalone is the income he could have earned by fishing 

some other species. It is necessary to derive an estimate of the valunof  this foregone 

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

2 0  AS noted by Copes (1986b: 11). other components of operating costs also have an 
opportunity cost Fuelhand other supplies, for example, have been removed from their L )  
potential use elsewhere in the economy where they cbuld have contributed to increased 
prod~cti~on accurate account of total social costs iccuqd should include all foregone 
a1 ternatives. 

77 
i 



In 1981, the average employment income for N1-time, ftill-yes workers in fishing, 

trapping, and related occupations in British .Columbia was $17,300." In o rde~  to estimate the * 

average employment" income for the remaining years in the 1975-1985 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.'l Assuming a constant proportion of part-time and ful l -be 

fishermen, and a constant proportion 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 landed value of fish per fisherman. That 

- is. the proportionate change in average employment income between 1981 and another year in 

the series should be approximately equal to the proportionate change in the landed value 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 verage 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 t the vessel-owner of fishing abalone is given 

in column 3 of Table 15. Its derivation assumes a work-year of 240 days (i.e.. 11 months 

per year and 5 days per week). Consideration must also be given to the k t  that 'the . 

abalone fisherman allocates a certain amount of time to activities, in additicin to ,actual 

fishing, that are necessary to the operation of his fishing enterprise. For example, the repair 

and maintenance of the vessel is vital to an individual's operation. To exclude the time spent 
V '  

on such activities would underestimate the proportion of the year attributable to abalone 

fislung and. thgrefore, underestimate the opportunity cost to the vessel owner. A nude 

approximation of the time allocated to these supplementary advities is equal to that of 

1981 Census of Canada, Catalogue No. 92-930 (Vol.1). Statistics Canada. 

'' Volumec, 9 - 18;- Canadian Fisheries Annual Statistical Review. 
- % .  



Table 14: Total Landed Value, Number ef Registered Fbbem~f, Pad 
Landed Value per Fisherman in the British 

Columbia Fisheries, 1975 - 1985 
(recorded in thousands of constant (1B1) doilm) 

(1) (2) (3) 
Landed value per 

'total landed Number of fishermen in 
value in constant registered constant , 

Year (1981) dollars fishermen (1981) dollars 

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

actual fishmg." The estimate of opportunity cost has been derived by the 

following calculation: 

OPP = (2AD/240N)(AEl) 

where, 

2 OPP = labour opportunity cost to vessel owner of fishing abalone: 

AD = number of abalope-days: 
I 

N = number of owner/operators which is id of vessels; - 

AEI = average employment income for fishe n in British Columbia. +, 
Based on personal conversation with Richard Jacobson, Head of Shellfish3 &vision, 

'Department of Fisheries and Oceans, Vancouver, B.C. 



Table 15: Estimated ~ v - m ~ e  Fkhing fncome, ~&kt@ge of Ycir Ei@@il to A E G X i r l e E ~  
and Estimated OBportunitg Cost to VessekOmer 

of Fkhing Abalone in British Cohrmbia, 1975 -1985 
(recorded in 1981 constant dollars) . 

Year 

Average 
employment 

income , 

(2) 
Proportion of year 

allocated to the 
abalone fishery - 

(2ADI240N) 

(3) 
Labour 

oppo-ty 
cust of vessel 
owncr/operator 

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

Further discussion regarding the estimate of labour opportunity cost to the abalone 

vessel owner/operator is required. Included in the series for average employment income of 

fishermen in column 1 of Table 15 is the averaged income of highliner,, average fishermen. 

and marginal fishermen. 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 British Columbia fisheries. Under these 

circumstances, the average abalone fisherman has the equivalent skills to an average British 

Columbia fisherman. Additionally, it must be assumed that in uansfening 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. 
P-2 



The use of average employment income of all British Columbia fishermen as a proxy 

for the opportunity cost of the vessel owner/operator in the abalone fishery implies that 

fishermen are perfectly m o u e  between fisheries. In reality, however. there are institutional 

impediments to the mobility of fishermen, in the form of various limited entry arrangements 

in British Columbia fisheries. Nonetheless, it is assumed that 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 summarj of toral costs in the British Columbia abalone fishery, 

where each series has been aggregated as follows: 

TFC = N(AFC) + ULF) 

TOC = N(FOG + LC + P + OPP) > 
TC = TFC -+ TOC 1 ,  

where, 

TFC = total fixed costs; 
'k: 

TQC = total operating cost; 

TC = total costs incurred in the 'fishery; 

AFC F average total fired costs excludinga license fees; . 
t 

x 
L ,= numbez of licenses; 

-. 
LF' = license fee per vessel. . F 

b, 

Having estimated a cost series for the abalone fishery, it ii now possible to obtain a 
" !  

cost curve. Embodied in the total costs of fishing 'abalone are fixed coss and variable costs. 
ir 1 It  is only the latter that will vary with effon The revenue curve illustrated in Figure 2E is ' 

a reproducpon of that shown in Figure 20. Recall that the derivation of the long run 

revenue curve involved the a&umption of a constant price of abalone which was taken to be 
t 

the *average price for the years 1982-1985. A similar assumption is necessary in order to 

obtain a long run cost curve for the abaione fishery. Specifically, it shah be assumed that 



Table 16: Fixed Costs, Operating Costs, Total Costs a d  Total Cost per U d t  of Eifort 
in the British Columbia Abalone F&begL 1975 - 1985 - -- -- -- 

(recorded in 1981 constant ' d o h ~ )  
P 

3 (1) (2) . .  , (3) 
Total 

Total j operating Total 
Year fixed costs costs costs "ffort 

the variable cost of abalone fishing per unit of effort is constant The supposition that all 

units of effon are obtained at equal cost generates a proportional &relationship between effort 

and variable cost Thus, an increase in effon by one abaloneday will increase variable costs 

by a given amount, regardless of the level of effort being exerted 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 4s 

assumed that the number of vessels participating in the fishery will remain stable at sixteen 1 
and the number of licenses stable at twentysix. Note from Table 12 that the average fixed 

costs per vessel have been steadily increasing. Therefore, an average over the last four years 

P is not indicative of the clment state of fixed costs in the fishery. It is preferable to take 

the last available ohservition, that of $11.759 per vessel in 1985.  he historical upward 

movement in averagc fi.red costs implies that even this figure may be downwardly biased for 

future use. This may be offset, however, by a historical improvement in the terms of t r d e  
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analysis reflects the current state of the fishery, both the .long run revenue , &e. mdethe 

vertical , intercept -of the >total cost h e  (which reflects total fixed &D) are likely to ' @ 

downwardly Q 4 biased. h e  $200.00 license fee has not &en revised since it was first inubdu&d* . A 

, . 

in 1977. Ln real ten&. therefore, license fees have st&dily 'decreased. If the nominal fee is 
' 5 .  

& 

to *?main , at ,- I2W.00 t h e n  the use of the - 1985 license e .  - fee, rgdrdtd in mnstant (198J) 
2 4 

doll&, overestimates real license fees for fuwe  y k ~  ~ o w e v e c  this latter bias can & 
- . I  , . C  

considefed insimc&t becaw LiNose fees constitute a very small propofion of total mts. 
* = "  

Thus, the total fixed costs currently incurred in we' British Columbia abalape fishery have - . 
I 

0 been estimated by performing the *following calchatim: , .. . * 

This figure represents he" -vertical intercept of the .toid cost curve.' 
* r 

? 

The slope of the tdral cost c w e  depends upon the way in which total operating msts 

vary with GOR Column 4 of Table. 16 rvprds the operating msk 'per abalone-day from 

1975. to 198). There appears tq be po specific historical bend in these hgurbs; R e 1  .that in 

deriving the' total revenue curve, the average price prkvailing, from 1982 to 1985 was 

employed. It is reasonable. therefore.. to take the average variable msl per unit -of effort over . 
~ 

the last four years. That is, cost as a function of effort is assumed constant at $557.85 per 
" 

abaloneday. It is now possible to plot the cost curve as  a. Tunction of &Eon aj is 
i 1 

I - 
illusua$ed in Figure 21. C 

It is worthwhile reviewing the situatib*' which is represented in Figure 21. Note thqt 
* 9 e 

the horizontal axis measures adjusted effort in abalonedays. Thus, movements -along the , 

revenue curve to the right re@esent changes in shahable  revenue resulting from increases i n  
a 

the number of abalone-days fished by skilled fishermen who employ both vessels with ~r 

compressors and freezing systems and skilled divers, and who exploita areas with which they 

< ' 
+ 

' 84 
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! 

are completely familis. Sifnilaly, movements dong the cost m e  te- the Figh+reprex%t 

changes in costs as effective effort is increased. It can be noted from column 5 of Table 5' 

that the adjustments to actual effort in deri@g effective effort remained unchanged from 

-1980 to 1985. Therefore, the practice of faking the average of costs over 'the last four years % 

1 /\ 

' ',results in a cost per unit of effort that is compatible with adjusted effort levels. 
. - 5 

Maximum Economic Yield . . 

It is irnpo&t to note t h a t Q  with the' exception of license fees. the foregoing analysis 

has neglected to account for the costs incurred in managing or regulating the fishery. It 

remains expedient to continue to ignore these costs for now and to assume that the 

estimated cost curve in Figure 21 reflects the "truen 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 identical and earn no 

profits in excess of normal returns to capital and labaur. 

a h Proper use of a fish stock requires, that resources utilized to exploit the stock are 
*. \ allocated in such a way that the net benefits available to society are maximized (Anderson, 

1977: 32). Economic theory dictates that this. maximum is' attained when the marginal revenue 
f 

of effort 

depicted 

is eqmh* to the marpal  cost of effort Given the cost and revenue conditions 

I 

happea r s  that rents' are maximized when the effort associated with 

approximately 300 abalone fishing-days is expended. Maximm economic rent then amounts to 
I 

the distance labeled DE, or approximately $120,006. Consider, however, what is embodied in 

th'e area labelled CDFEC in Figure 21. Profits "generated in eTcess of total costs include both 

a return to the respurce ilsglf and above normal returns to the fishing opexatiin Recall that - 

in calculati&. the total' cost of fishing, the oppprtunity cost of capital and o f '  the 
i 

owner-operators' labdur was included. Thus, area CDFEC embodies resource rent?' and ,. 

Resource rents fefer to the excess of revenues over costs calculated at marginal 
. oppc.rtunity costs (Copes, .1986b: 9). 



made earlier in the analysis is dropped. Spedfidly, it 
0 

identical- and that no intrarnargmal rents - are earned. 

potenmy *&--wbm m-assmnption ' 
was assumed @at all fishing units are 

The likelihood that skills vary among 

owner-operators is now addressed. The earnings ~f f ieemen will depend to a large extent 

upon the degree of skill they have attained. A highly skilled fisherman is likely to earn 

income in e x c a  of his opportunity oosts, bi t  even the most poorly skilled f i s h e m  is 

likely b recover in net 

the latter did not hold. 

fishermen's net earnings 

producers' surplus. It is 

earnings an amount that is at least equal to his opportunity cost If . 

such a fisherman is apt to exit the fishery. The excess of a skilled 

over his opportunity cost can be considered a rent in the form of 

not possible, however, to distingush what portion of area CDFEC 
2 . . 

may be attributed to the producers' surplus of owner-operarors, and what pornon to resource- / .  
' 

h .  ' .  
rent 

< 
U 

'% 1 . 
Implicit in the cost curve of Figure 21 is a very important cdmpbent of retur& ro a' - 

the fishery that has not yet been addressed. Specifically, no 'mkntion has been ,&de of' the 
I re 

producers' surplus of divers. Recall that divers in .the abalbne , fishery are paid a n  .a . share' 
O .  

basis. That is. ^each diver receives between twenty and .thirty percent o t  .the lzbdldu yl;e of 

I 

. - 
\ '  

the abalone he personally collects. TKe earnings of individual' Qivefs dso depend to a large, 
G 

5 
extent upon the degree of skill they have attainid *The excess of a killed diver's , e a k n g s  c 

-3 
b 

over opportunity cost constitutes a pqrti6n ' ~ f  the total producers' surplus kenerated-h the! 
- +  

C 

abalone fishery. ~ b o v e  normala returns to divers have. however, been 'included in ,the -total 
* 

- 
cost curve. If the area betwgen h e  total revenue curve and the total cost curve is to refleci ' ' 

i r  

. ,  

tad 'rents # &ed . -in the fishery. these ' above no-1' rems to di"ers must be subtracted I 

f ~ o m  the totar q s t  In order to determine the magnitude of ihese above normal 
4 ; *  1, 

'returns, the opportunity cost of diving must be ascertained. c 

r 

8 4 b - .  9 
w + = ,  

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

divers without ady specialized skill .s8ch 'as underwater constructioh Such &I individual- 
7, 
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, 
generally receives between twenty and thirty dom a n  hour -for - & i g  ~mfVierFmH-~2--- 

to 1985 there was an average of twenty-eighi divers employed per year in the British 

Columbia abalone fishery.16 The average total annual payment to divers from 1982 to 1985 

was approximately twenty-five percent of the landed value of abalone, or $113,381 (in (1981) 

constant dollars). The divers' foregone hourly wage in (1981.) "6nstant dollarP is between 
C& ' - - 

$15.90 and $23.86 the average of which is $19.88. R"emll the earlier estimate that 

e supplementary 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 
r c  

undertakes thesed supplementary activities and that divers are concerned only with the actual 

collection of abalone. A "diver-hour" includes time spent travelling5 from site Lto slYe as well 

as actual diving activity. There was an annual average i f  190i) diverhours employed in the 

abalone fishery from 1982 to 1985.*' This information allows the approximation of the total 
/ 

opportunity cost for divers by taking the product of the averagec hourry alternative wage and 

the the number of diver-hours employed This results in an estimated annual total 

opportuni~ &f%f; diving in the abalone fishery of $37,772. This estimate in turn allows the 
. - 1  

calculation of divers' producers' surplus in the abalone fishery. Subtracting the above 

opportunity cost from the 1982-1985 average of total diver-earnings results in a rent in the 

form of divers' producers' surplus of $75.609 (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 divers employed 

annually 'does not change significantly, it is possible to derive a reasonable estimate of the 

a v e r y  ' divers' producers' lus obtained per uniL of effoon Table 2 indicates that the .&' 

Based on telephone conver&tion with representative of All Sea Enterprises Ltd., Vancouver, 
B.C. 

2 6  Unpublished data, Department of Fisheries and Oceans, Vancouver, B.C. 

" Deflated by Canadian consumer price index. ~.atalo&e No. 62-010. Statistic Canada 

2 8  Unpublished data, Department of Fisheries of Oceans, Vancouver, B.C. 



average number of abalonedrys f&ed per year 'from 1982 to 1985 was 563. Dividing this 
\, 

figure into the estimated producers' surpSw results in a rent per abalone-day of S134.30. This 

rent is one of the considerations that reflects the profitability of the abatone fishery, a& 

/--=-+auld therefore be included in the analysis as a net beiefir Specifically. the divers' 
/ *  

J 

producers' surplus should be either added to net benefits or subtracted from variable ax& 

The latter is the more correct approach; since producers' surplus is not a cost buto rather a 

component afcmnomic renr Prior p accounting for divers' producers' surplus, a mstani 'mpt 

per unit of effort of $557.85 was estimated. Consideration of diver-rents reduces this figure . 

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

revi6on has been effected, and implies a maximum sustainable rent of approximately $150,000 

at 370 units of effortw 

The essential difference between the cost curves illustrated in Figures 21 and 22 is that 

the former is derived with the implicit assumption that 'all divers are identical and marginal. 

That is, all divers were assumed to 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 &timated average producer's surplus going to divers has been subtracted from 

the total variable cost of fishing. Thus, the distance HJ in Figure 22 refers to maximizekl 

resource rent and producers' surplus of borh owner-operators and divers, whereas the distance 
. -~ 

DE in Figure 21 is representative of the &mum 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 turn implies selecting an optimal 
stock level as a function of time. Such an analysis. through the application of a social 
discount rate, properly U e s  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 constitnt price of fish for the W e  of simplicity. Historically, 
there has been and continues to be an improvement in the tehxls of trade for f ~ h  relative 
to other commodities. Thus, the reduced future value of fsh resulting from the applidon 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 presented 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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The Waefer model defines the intersection of the total m t  and total revenue huves 
- - 

as open-acces equilibrium. Consider points C and G in Figures 21 and 22, respectively. It is 
4 

important to recognize that neither of these points are representative of an open-access 

equilibrium. Recall that the total cost curves in both diagrams have been derived for a 

fishery in which restricted entry has been imposed. Thus, movements along the total m t  

curve result from variations in the level of effort on the part of existing vessels. In the 

Schaefer model of an open-access fishery, - movements along the total cost curve occur when 

long-run effort is v F by an expansion or contraction in the number of optimally-sized 

vessels, Additionally, 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 resowce rents are dissipated. Point G in Figure 22 corresponds to a case in which 

resource rent plus producers' surplus is completedly dissipated. This is a situation which is 

never likely to obtain. When fishermen in total exert 780 abalone-days worth of effort, the 

resulting sustainable revenue is precisely offset by total costs, which include opportunity costs. 

That is, both resource rent and producers' surplus are zero. Recall that it is the average 
3 

producers' surplus which has been deducted from the original cost curve. Given no change in 
i 

the .relative skill levels of fishermen, if this average is to sum to zero, it must be the case 
.i 

- &at the producers' surplus realized by intrarnarginal 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 
S 

equilibrium. . . 
Now consider the total cost curve labelled TCI in Figure 23. @fine this to the total 

cost curve that obtains when above normal returns to owner-operators and divers are included 

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

in Figures 21 and 22, respectively. TC1 cannot be derived e x p l i c i t l y m e  available data. 
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ece it is not d b l e  to empiriey distinguish berween owner-operators' producers' nuplus 
.e & - - - - - -- - - 

and resource rent Suppose, however, that this had been possible and that XI is generated 

by subtracting the. above normal returns to owner-operators from the cost h v e  labelled TG. 

Then area KLK represents resource rents alone, and point K corresponds to a situation in 

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 appro resource rents will 

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

effort in order to approhate a '  portion of these rents. 

Although the absence of further effort restrictions is unlikely to result in the complete 

dissipation of resource rent and producers' surplus, it is equally unlikely that such a regime 

could lead to the optimal solution. Although the analysis now allows for the coexistence of 

mar@ and innmarginal fishermen so that the existence of producers' surplus is recognized. 

resource rents may continue to be dissipated in this type of fishery. Individual fishermen are 

powerless to exert c trol over fish stocks; therefore, no one fisherman is personally .b 
motivated to conserve d; enhance the resource since the expense incurred by doing so will 

yield him a negligibk return. Most of' the resulting additions to catch or improvements in . 

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

- 

There remains 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). Ordinarily, the pursuit- of optimum social benefits involves the maximization of 

combined resource rent, producer surplus and consumer surplus. However, since the majority 

of abalone harvested in British Columbia is 'exported ,to Japan, the potential social benefits 

domesticaily available in the form of ccnsumer surplus can be considered negligible. Certainly, 

the rationalization of the British Columbia abalone fishery does nbt include as an objective 



6 

the maximization of consumer surplus - to - *- the Japanese. 
- - - - -- - 

It is evident from Table 9 and Figure 22 that current levels of effective effort of - -- i 
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 
/----' \ 

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

va&ble costs; one does not observe a definite trend of exit from the fishery. 
<,5 ' 

<P 
,ay 

t to emphasize once again that the cost curve illustrated in Figure 22 ! 

does not include the costs of &ging the fishery. Such costs must be subtracted from the 

resource rent component of the excess of revenues over costs. in order to calculate net social 

benefits. The extent of management- costs depends, of course, upon the type of regulatory 
* i * 

\ 

'regime being % b w e d .  The discussion of alternative management schemes in the next section 
@ 

undertakes to qualify the effect on the position'of the m t  curve under different regulatory 
* 

arrangements. 

The" ,absence of property rights over fish stocks negates the possibility of 
R 

fisherman correcting the revenue/cpst squeeze that is related to excessive 
** 3-  

resource (Copes, 1978: 48). It is only through collective actiong at the industry level that 

attainment of maximum economic yield is possible. Although such action has been undertaken 

in the British Columbia abalone fishery, the preceding analysis indicates that economic rents 

are far from being maximized. ~ndeed, the cost and revenue estimations of this analysis 
\ 

indicate that the British Columbia abalone fishery is presently incurring a'\long:run , . deficit at - 
\ 

point Z in- Figure 22 which corresponds to an effective effort level of 872 abalone-days. It 

is evident that the quota for the fishery is not excessive since the present cat& level 
hh. * 

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

significant reduction in the application of fishing power. 



The remainder of this paper concerns itself with the consideration of alternative 
-- - - - - - - 

regulatory regimes and their apotential success in improving the economic rents generated in 

the abalone fishery. 
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ALTERNATIVE FISHERIES MANAGEMENT REGIMES 



An Evaluation of Alternative Management Sc 
- 

hemes 
- - - - - - - - - 

P 

The conclusions drawn in the foregoing , 

regulation of cbmmercial fisheries, It is assumed 

analysis indicate thi desirability for the 

that the ultimate goal of rationalization in 

the Britisir Columbia abalone fishery entails the maximization of the socially determined net 

- benefits derived from the resource. Owing to the absence of fully defined pr6perty rights to - 
B d 

the esource, social costs and benefits do not always converge Yvith private costs and benefits. 
\ d- 

Fishermen do not generally take into 'account the e f f m  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 fishery as a whole incurs from the operations of 

that vessel. This phenomenon will be elaborated upon as the discussion continues. For now, 

portant to recognize that the relevant variables to be considered in fisheries 

are the social costs and benefits of fishing. ,I 

Unfortunately, it is often the case that a socia& cost-benefit analysis generates ambiguous 3 
results. This is primarily due to a complication that typifies much of welfare economics - 

that of incomparability of values among different individuals. For example, it is very difficult 

to 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 
w 

such values. In addition to the pecuniary benefits originatins from fishing activity, there are 
\ 

also non-pecuniary benefits that are important ' 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 lo do so can often cause irreparable social daqage. Consider, for 

example, the possibility of an Indian food fishery generating greate; monetary net benefits if 

it was converted to a commercial fishwy. Failure to also account for the signifi&t social 

costs involved with the loss of a fishery to an Indian community would not satisfy the 
- 

requirements for social optiNzation. Owing to disagreement among economic analysts regarding 

the proper method of measuring non-pecuniary social costs and benefits, such factors are 



often treated as c o m t s  rather t h p  components of the objective function. This paper takes 
\ ' - - -- - -- - - - - pppp 

a similar approach. That is, the long-run net monetary social benefits from f k b g  represent" ' 

the maximization objective. Subsequent consideration is then given to i n m d e  sosts 

a d  benefits if such factors are of relevance. The generation of an optimal monetary return . 
to society involves the consideration of the following subsidiary goals (Pearse. 1982: 4-6). / 

First, fisheries policy must ensure that the r resource is properly protected. 

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

commercial revenues potentially available fiom the resource. An additional adverse e f fw.  of 

st&, depletion involves the loss of incommens&able benefits that a m e  to sociefj, through 

recreational activities or the mere existence , of the resource itself. The avoidance of stock 

depletion will generally be achieved ina&ertently along with the maximization of net 

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

A second consideration 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. Crutchfield (1979: 

743) has identified the following elements as neceSsary conditions to achieving this 

rationalization objective: 

1. Production W-uld be organized so as to attain that level of catch at which the 
ir 

marginal social v+ue of the harvest is equated to the incremental w i a l  cost (including 

management ) to take the catch. This equality also entails that the catch be of 
. { ,% 

optimal size or age composition. 

2. Economic efficiency necessitates a particular configuration of vessel-gear-fishermen units 

to minimize the aggregate real cost of taking any given catch. 

-5. Optimal fleet deplowent is attained when no increase in yield or decrease in cost can ~. 

be achieved by altering the area or time fished. - 
- 



Any policy of fsheries management that causes a substitution away from the optimal 
--- - - 

configuration of inputs of production is inconsistent with rent -mximization. 
- 

- - -  
F L 

- - Owing to rapid changes in resource abundance, in markets, and in fishing technology 

and effoa, any proposed fisheries policy should - involve flexibility. The inability of 'a 

particular regulatory regime to adapt to changing circumstances is likely to generate social 
-, - 

losses. 

A fourth consideration is that of administrative simplicity. A management regime that is 

complex to administer is also likely to 'be mtly. Specifically, a regulation that is in 
P 

l 
-b i consonance with the pnvate incentives of \fishermen will be less costly to enforce than one 

\ - - 

which is in conflic0, with fishermen's in~ent iveb~ I 

The extent of economic returns to the fishermen themselves must be carefully examined. 

The fact that the ocean's rksources 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 - =  excessiven profits. The term " excessiven requires clarification. Economic 

theory generally maintains that efficiency is sehved when competitive fm earn zero economic , 

profits. There is no justification, however, for the government, acting on society's behdf, 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 value 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 represent 

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 are very low, and 

earning that are restricted to that level are often socially unacceptable. 



In Canada, the level of fishermen's incomes are of particular concern on the east coasf 
- - - - - -- - -- 

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

1982: 309). A primary policy objective for Atlantic fsheries is that "-oFenmtheP 
- 

- 

Atlantic fishing industry should be maximized subject to the constraint that those -employed 

receive a reasonable income as a result of. f i she j  related activities . . ." (Kirby, 1982: W). 

The level of fishing earnings among west-coast fishermen is also an important pripdty 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 i h e  

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

fisherinen incomes. j 
1 

.It is difficult to determine whether or not the estimates of opportunity cost &rived in 

Part D of the thesis can be considered reflective of "adequate" incomes. Recall that the 
-. 

abalone fishery is a part-time fishery for the majority 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, nor is the value of their total 

employrirent income known. Given that the improvement of' fishermen incomes is an objective, 
* \  \ - 

however, and given the availability of the required information, adequacy of earnings can be 

achieved through the redistribution of maximized resource rent to those fishermen in need. 
I 

Thus, the improvement of fishing incomes need not conflkt with the broad goal of 

maximizing returns to the fishery. It is simply a matter of" redistributing rents t o ,  fishermen. 
f 

after -long-run benefits have been maximized. 

It is important to note that there may often be trade-offs in the fulfillment of the 

above subsidiary goals, as under many circumstances the goals have conflicting objectives. It 
\ 

,... may be very difiicult, f o r  example, to maintain administrative simplicity and concurrently 

impose flexible regulations. It is necessary. however. to determine fhat mix of flexib'llfty and 

simplicity that maximizes the returns from the fishery. 



i 
/' 

As mentioned =per, strict adherence to the aaainment of the a b v e  goals is not . 
i' 

- --- ---- - - 

necessarily socially #sirable. There may be-a number of comtra@ts to the objective* i f  
/ 

maximizing the g d  monetary benefits of; a fishery. In. Canada, one very important consttaint 

associated with' fishejes management is that a policy be consistent with the social and 

cultural values of those groups most affected by such a policy. It is politically desirable that 

h e  special needs of coastal communities and the unique dependence of Indians on fish for 

nutritional needs and cultural activities be seriously addressed 

* A ~ small percentage of abalone found in British Columbia is harvestedt by native 
& / c 

Indians, and there are no communities significantly dependent upon the abalone fishery. Any 

potential conflict between the commercial abalone fishery &d the Indian food fishery should 
/P 

be wefully examined. before advocating the use of a particular management tool. This thesis 

does not explicity consider such potential conflicts, as it is primarily concerned with the 
I 

working of the commercial fishery. It is assumedlthat the effects of such conflicts will have 

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

The British Columbia abalone fishery is amenable to a number of policy options. 

Con&qptually, an accurate and exhaustive account of the costs and benefits assodated with - 

each of the alternatives should allow for the unequivocal selection of' an o p t i d  n-iigement 

regime. In practice, however, such an account of all of the relevant variables is not possible. 

This is primarily due to the @nited 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 

' y t h e r  under differing drcumstances. Different regulatory regimes can be thought of as 

alternative forms of contractual arrangement in the fishery. Before discussing the relative 
8 

merits of various contracts, a discussion of contractual objectives "md the associated 

complications when dealing with a non-exclusive fish resource' is desirable: 



4 - 
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Contractual Arrangements- in fisheries 

I 

It has been determined that the failure to achieve optimal resome allmtim in the 

fishing industry is primarily the result of the absence of 

1970; Copes, 1972; Randall. 1975; ~ d g d l .  1978). A good or 
d - 

three distinct sets of rights are associated with its ownership 

private property rights (Cheung, 

an asset is "private property" if 

(dheung, 1974: 57; Mercuro and 
- 

Ryan, 1979: 1011). These rights include: 

1. The exclusive right to use, or decide how to use the good. 
4 

2. The exclusive 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 
, 

An @en access fishery, 'of come, violates 

Unrestricted access grants all fishermen an uncontested 

no individual fisherman the power to exclude other 

fisherman is able *,to receive exclusive income from the 
I 

choose the form of such contracts. 

all three of the above conditions. 

right to use the resource but allows 

potential users; consequently, , no one 

resource. These circuinstances obviously 

preclude 6 possibility of meeting the third requirement of uansfef!ability of ownership. The 

complete ab action from all characteristics which define private property is the precise reason '.- 
that a contractual, structure allowing for open access results in an undesirable allocatidn of 

reSources. 

Agnello and Donnelly (1976: 519) state that the principal effeyt of common property is 

to create "technological external diseconomies", resulting in a geater' allocation -of resources to 

the fishing industry than would result from a private property right .structure. A technological 

externality in production occurs when the actions of one firm or individual actually modify 

the physical production relationships of other firms or individuals (GO&- and '~uchanan, 1971: ' 

885). Such a modification has adverse effects when the recipient of the externality experiences 

higher costs of production than would otherwise be the case. The allocation of resources to 

the fishing industry is greater than is socially optimal under these circumstances. When 



I 
making his production decisions, an individual fsherman will fail to take into account the 

- 

" s 

external costs he imposes on other fishermen. Economic efficiency in the use of inputs is 

attained when the value of the incremental output obtained From employing an additional unit 
- 

Q 
of input is equal to the marginal cost of employin that additional unit Thus, output will I X be varied until this equality is achieved. It is im rtant to note that the term ecommic 

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 *internalizew 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 exfernaiity, 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 h ~ e l l y ,  1976: 520). That is, a reduction in *stock abundance resulting from 

one vessel's fishing activity necessitates 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 htches 

of equal size. Given that an increase in fishing effort in a particular fishery increases the 
* 

I 

fishing mortality, the stock of fish, the average age, weight, and size 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 

gruund~  quality exlernality (Agnello and D O M ~ Y ,  1976: 521; 

to the abalone fishery is a 

Agnello and Domelly, 1975: 

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 

hture harvesting costs of fishermen. 



protected. 

. has some 

open-access regime most certainly does not ensure that the resource is properly 
- - - -- -- - 

No individual will take the trouble to husband and maintain a resource unless he 

property right in the yield (htt, 1955: 116). 

Finally,. the dissipation of resource rent that occurs under an open access fishery 

negates 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 

fonn of ,producer surplus, many fishermen are able only to recover the economic costs of 

fishing. Since the low earnings of marginal fishermen are often considered socially 

unacceptable, it may be desirable to supplement their incomes. It is preferable to undertake 

such subsidization through a redistribution of resource re& gen&xed in the fishery rather 

than by social transfers in the form of welfare payments and unemptoyment compensation. 
r 

The former\ method of redistribution is considered by fishermen m be a less demeaning way 
k\ 

in which, to receive income. 
2 '.. d 

A 'fully-defined private property regime would involve n o d  of the above problems 

associated with open access. Exclusive ri@ts generate an incentive to nurture and husband the 

resource in order +to maximize individual wealth. Private property rights result in a production 

decision rule which internalizes the external diseconomies Jmqxated with common property 
I 

harvest (Agnello and Donnelly, 1976: 520). The right to exclude others ensures an individual'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, because the fact 

that even incomplete property rights generally allow for the creation of resource rents, there 
4' 

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 inefficient use (Demsetz, 

1967; Krier and Montgomery, 1973). Common property persists where the social, political or 

economic costs of acquiring and enforcing property rights are greater than the benefits that 



can be obtained (Christy, 1975: 698). As the value of the resource increases. the potential 
-- - - - - 

gains from more efficient use are increased That is, the &ts assodated hth altering the 

structure of the bntract become more worthwhile to undertake as the resource becomb more 

valuable. SL@I a situa n is representative of the British Columbia abalone fishery. The rise "d9 
in the world price of abalone iq_1376 instigated the imposition of limited entry licensing in 

- 

1977. As the valae of abalone con individual quotas were resorted to in 

1979. Thus, there has been a structuring the contract so as to m o r h  

fully specify the property rights of the individuals involved. - .  - 

With non-exclusive fishing rights and in the absence of collusion among fishermen, ren $ 
becomes a residual. with every decision-makipg unit maximizing the portion left behind by 

others. Therefore, the behaviour of individuals participating in an open-access fishery is 
L 

consistent with individual wealth maximization. What separates the open-access fishery from 

other competitive industries is the absence of a contractual, constraint on other people's use 
b 

of the fishing ground (Cheung, 1970: 59). Consider the exploitation of a particular abalone 

bed If an individual fishing operation h& complete control over the bed, it is expected that 

the returns generated from this abaloeit: bed would be maximized By pursuing individual 

profit maximization, the vessel(s) would apply the optimal level and composition of effort in 
\ 

the harvesting of abalone. This is not possible under an open access manag ent regime. No k r  
one operation has control over the application of total effort; thus there exists no entity to 

insure efficiency of production. Owing to the t&hnologicai externalities that end to typify P 
much of common property resource exploitation. individual wealth rnaxhization is not 

gegerally consistent with aggregate wealth nlaxirnization for the fishery. 
- 

The analysis in Part D of the thesis provides a strong indication that too many . 
resources, in the form of excessive fishing effort, continue to be employed in the abalone 

-i. 

%. 

fishery in spite of attempts at rationalization. Recall that the optimal level' of effort to be 
5 

exerted annually was estimated at 365 abalonedays. Since 1976, this level of effort has been 



significantly swpassed. It - is 

occurred with the previous 

potentially viable alternatives. 

desirable, therefore, to account for the "market failure" that has 
p- - - 

and present attempts to rationalize the fishery and to consider 

The alternative management strategies considered here include the following: 

1. Conective taxes. 

2. Limited licensing. 

3. Individual quotas. 
- - 

4. The sale or the leasing of abalone beds. - 
The above options represent the viable alternatives open to the management of the abalone 

fishery. Although corrective taxes are not generally employed in the rationalization of a 

fishery, they are sometimes advocated in the theoretical. literature. Limited entry licensing and - 

the individuhl quota system of management are the two policy options that have had the 

greatest support both in administiative terms and theoretical argumentatioa The sale or leasing 

option has been seriously considered only to a very limited extent in fisheries management 

This stems from 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, the  

sedentary nature of abalone stocks renders the consideration of this proposal- worthwhile. In 

discussing the advantages and disadvantages of each type of management regime, the following 

approach is taken. The theoretical rationale is analysed and the relative merits of the regime 
A 

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 tha of k 
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 



4 

only in the sense that too many resources are attracted to the fshery. In other ways, 
-- - - -- 

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

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 dissipation of 

resource 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. The ' \  

appropriate tax represents the economic rent gained by society that can be captured on a 
B 

sustained basis. Thus, this appraach does not depend on property rights at all, but rather on 

removing all financial incentives to expand fishing capacity (Pease 

In practice it is likely to be simpler to tax catch rather effon since it is often 

very difficult to obtain a precise definition of effon Moreover, given perfect knowledge 

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

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

\ 
Clive and Southey, 1970: 50). That is. a levy on one or a few facets of effort is likely to 

3 
cause substitutions away from the taxed input. of production and towar4 the now relatively 

lower-cost factors. Although the level of inputs employed in an open access fishery is 

excessive. the configuration of hose inputs is likely to be optimal. Thus factor-substitutions 

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 
* 

system of corrective taxes exceeds the minimum cost of exploitation in the absence of 

corrective taxes. Although license fees 

administer, license fees alone do not 

effort 

Essentially, the levying of taxes 

represent a tax on effort, and are reiatively simple to 

provide significant control over the exertion of fishing \ 

can potentially convert the externalities obtaining in an 

open access fishery into contractual costs to the individual decision-maker (Crutchfield. 1979: 



Immediately obvious difficulties are those of compliance and enforcement The larger the 

number of vessels and the more numerous the ports of landing, the greater will be the costs 

incurred for the monitoring and enforcement of tax collection (Pearse. 1981: 140; Scott and 

Southey, 1970: 50). An additional impracticality is that of the necessity of administrative 

flexibility (Cunningham et al., 1985: 165; Pearse. 1981: 140; Cassidy, 1973: 527; Anderson, 

1 9 ~ ) .  In order to maintain the fishery in a condition of maximum effciency, charges 
/ 
must be continually revised in the face of changing prices, costs and technoiogy. Failing this; 

any rents not completely appropriated by the levy, would eventually be dissipated by wgher 

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

~n(~dditional drawback of the tax as management device rests on the likelihood that 

the impact on effort of the tax is realized only after a considerable time-lag. Fishing vessels 
~ - %  

and other capital equipmmt represent a "sunk costw to fishermen Participation in the fishery 

is apt to coitinue in order to make such investment worthwhile. It may be years before the 

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 

fishermen (Cunningham et al., 1985: 164). In open access equilibrium, marginal fishermen just ' 

cover their total economic costs of fishing. After the introduction of taxation. some fishermen 

incur deficits and exit the fishery. Equilibrium is restored when marginal fishermen again 

earn normal profits. However, the post-taxation marginal fishermen were previously earning 

jnua-marginal rents. Taxation makes all fishermen worse off to the extent that intra-marginal 

rents are eroded. 

Largely owing to the administrative impractability and political unacceptability of a 

rationalization scheme bared on the collection of royalties, most fis&i-ies 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 



technology are continually changing. A further complicatios involved with h p o s i n g a  Wp 

catches in the abalone fishery, relates to the numerous ports of landing employed by 
* 

fishermen The monitoring and enforcement 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 I 

I 

Limited entry is a form of contractual arrangement in wh&h *access to the resource is 

restricted That is. access is limited to those individuals holding explicit 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 defme 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 
i 

particular stoc-. 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 when 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 flexible 

(Wilen, 1979: 856). Restrictions on inputs. do nothing to alleviate fishermen's incentives to 
b 

expand fishing power and effort in a profitable fishery (Pearse. 1981: 140). A natural 

response of fishermen to restrictions on the use of one input is to insease the relative use 

of other inputs. Not only will such a response reduce the extent of Oltotal effort reduction. 

but it is also likely to be very costly. 

, Consider the consequences of the introduction of limited entry licensing 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 

\--- 



of effort in terms of days spent fishing. 
- - -- -- 

\ 
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 attempted in some way to 

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

including more time spent fishing per season, more divers per vessel, and increased 

sophistication of vessels. In a flexible fishery, any regulatory scheme that attempts to improve 

efficiency by restricting one or a few facets of effort is bound to fail (Wilen, 1979: 857; 

Pearse, 1981: 140). Although $6 level of effort may be somewhat alleviated, inefficient 

substitution to other components 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 indp*dently. Although complete input restri t i ~ n s  would prevent 
k.. S 
fishermen from engaging in ineficient capacity-increasing activity, it w a d  also prevent them 

. J , 

from pursuing production improvements that are at-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 
%. 

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 enuy licensing in essence eliminates none of 

the characteristics inherent in common property arrangements. The property right in the yield 

remains ur,certain for each individual. Therefore, there is no incentive to adhere to the 

conditions .re?uired for an economically efficient fishery. Namely, owing to the difficulty of 



restricting effort to its optimal composition, restricted entry does not ensure optimal levels of 
- - - - - - - - - 

catch. The composition of the catch is also unlikely to be that which is socially desirable. 

The absence of individual property rights results in fishermen harvesting fish w h 2  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 continue under limited 

entry. Such inefficiencies may, in fact, be more pronounced than under a regime of open 

access. This is because the increase in potentially available rents per fisherman that r w l t  
* 

from restricted access, make e d ess capacity investments more worthwhile. The same holds true 

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

extended beyond that which is optimal. 

In the past, fisheries managers have dealt with such problems by imposing further 

restrictions on the application of effort Examples include area and seasonal closures, gear ,_r 

restrictions, vessel-size limitations, and the imposition of a total allowable catch. Careful use 

of such supplementary restrictions in conjunction with limited entry licensing can result in a 

considerable improvement in the return to the fishery. By setting a total allowable catch for 

the fishery on an annual basis, overfishjng can be mitigated. The use of seasonal and area 

closures may aid in the protection of spawning stocks and juvenile stocks, which in turn may 

improve both the level of recruitment in the fishery and the selectivity of thk 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 regarding those facets of effort which are to be 

controlled. In particular, it is important 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 



mhimhtion procedure. .- - 

a *- It is unlikely fhat a management regime consisting of limited entry licensing and 
\ 

I 

modified by various supple&ntary measures a u l d  result in optimal long run catch and effort 
d- 

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

restrictions regarding the area and frequency of the application of that effort. Such a 

procedure often involves additional costs in excess of the resulting increase in fishing refiuns. 

However, limited entry licensing can result in the avoidance of some rent dissipation, 

particularly when used in conjuction with a few carefully chosen supplementary restrictions. In 

many h e s  of fisheries, such a management regime poses the only viable alternative to open 

access. This is particuIarly 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 rittiordization schemes which appear preferable to that of limited 

entry licensing. 

The success of a limited entry program depends upon the degree to which fishermen 
7 -2 

comply with the supplementary restrictions. The monitoring and enforcement of compliance 

may be costly. Where possible, it is preferable to select a contractual arrangement in which 

I unenforced individual maximizing behaviour resdts 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 ehtry. Fishermen are 
- 

given a cdlective right to the resource as opposed to an' individual right Although fishermen 

may behave in an economically efficient manner, they will do so subject to artificially 

imposed constraints - constraints which must be enforced a t ,  a cost The British Columbia 

P 'I 
abalone fishery is a fishery in which these costly constraints may not be necessary under an 

alternative form of contractual arrangement That is, a contractual arrangement in which 

fishermen's profit-maximizing incentives 

one which restricts these incentives by 

are unconstrained 

regulatory means. 

may be less costly to enforce than 



Individual Quota Management 

Under an 

with ' respect to 

individual quota system, the right of each holder is "stintedn, or specked 

the 'quantity of the resource he may take (~earse, 1981: 138). That is. a 

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

,- 

-'\ 

The justification for management by individual quota allocation is based on the fact 

that such a regime bestows partial property rights on fish .resource users. Many external 

diseconomies associated" with both open access fisheries and 

entry licensing are thereby mitigated. Consider, for example. 

Given that individual quotas are enforced, fishermen should 

their quotas in a way which minimizes their total costs 
L 

those fisheries subject to limited 

the so-called "stock externalit$. 

exploit the catch associated with 

of fishing. Since costs are an 

increasing function of effort, such 'minimizing behaviour implies exertion of the least amount 

of effort required to take the given catch. As indicated earlier, such an incentive does not 

exist un'der the regimes of open 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 tce that under an individual quota system, but the tendency for individual 

fishermen to "race for fish" is not remoSed. The 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 behaviour results in a higher total cost of fishing for >the fishery as a whole in 
0 

comparison to a situation where individuals are assured of retrieving 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 externalities, since fishermen will no longer find it necessary to 

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

individual quota system. 

The major advantage deriving from the allocation of individual quotas is tihe possibility 
-' 

of approaching input-output configurations in production as well as optimal fleet . 

deployment have been allocated the right to a particular quantity of fish, bit 



Assuming the individual quotas are strictly enforced, the profit-maximizing incentives of d 
-- - - - - - -- - -- 

fishermen should ensure that the level and composition of effort is also socially optimal This 

is unlikely to be the case under a limit& entry regime, even if supplementary regulations 

are imposed 'The semhg of the total allowable catch at the optimal level does not reduce 

the incentives for overinvestment in fishing capacity. The impossibility of restricting all facets i 

'ih 

of effort d m  not allow for the elimination of overinvestment, although excess capital 

invkstuient may be significantly alleviated. Note, however, that the complete or partial 

suppression of overinvestment is costly because it conflicts with an individual fisherman's 
\ 

incentives when there are .potential rents to be earned Thus, it would be necessary to 
1 

monitor the level and comfiosition of effon Although 'vessel number are relatively easy to 
I 

monitor, it would be mu& more difficult to monitor, say, the number of divers on each 
L 
\ 

vessil. With an individual Qyota system, it is only individual catches that must be monitored; 
'. 

this procedure is likely to b;' less costly than the former. It i s  purported that because 

quantitative rights encourage efficiency in production, with -. respect to the composition of effort, 

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

Profit maximizing behaviour dictates that fishermen will take fish that are most valuable 
- - 

in terms of size or age. In attempting to obtain a yield where catch composition is such 

that the quou generates the highest possible returns to a fisherman, an individual may 

inadvertently jeopardize stock survival. Specifically, the process of "high-grading", or discarding 
' *k?d$" 

low-valued fish, is likely to result in a higher mortality of the stock (Copes, 1986a). Thus, 

the aforementioned _@leviation of stock externalities resulting form the fact that an individual 

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

partially offset by the process o P  high-grading. 

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

individual quota system (Copes. 1986a). If enforcement does xmt accompany the imposition of 
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quotas, fshermen are likely to engage 

actual catch level in excess of the 

in "quota busting". This wili, of come, result in an 

optimum Even though fishermen are assured of a 

property right in the yield for the period in question, the lack of exclusive rights 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 quota 

associated 

monitoring 

doing so 

can be said to result in a resource loss. The extent of resource loss is the cost 

with failing to monitor and enforce the individual quotas. It is expected that 

and enforcement of quotas is carried out to the extent that the marginal cost of 

is equated to the marginal benefit fr6m doing so. The latter is the marginal 

reduction in resource loss. 

.Column 6 ,of Table 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 

.* 
:*6been in place. However, a potential inefficiency remains. The heterogeneity of fishermen 

renders the allocation of uniform quotas undesirable. In fulfilling their .quotas, skilled 

fishermen have the ability to generate a larger contribution to- net social benefits than 

unskilled fishermen. Therefore, it would be more efiicient for skilled fishermen  to^ harvest 

relatively more of the resource. Uniform auotas will be costly to assign and nfo~ce-because e " )  

of opposition froq the more productive fishermen. It is possible that this system may leave 

skilled fishermen worse off than under conditions of common property conditions, (Johnson 
t 

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

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

fisherman's catch and his level of fis skill are approximately proportional, such an 

allocation is likely to of efficiencies resulting from the 

higher-skilled fishermen securing the larger 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 



amsiderations suggest that his share of the catch should also be increased. Note -that this 
- - -  

problem could be 'overcome by the allomtion of quom of shorter duration, but only at an 

increase in administrative costs. There is another problem Gth  allocation quotas on the basis 
cc 

of historical catch records. Even though one fisherman's catch may be very high relative to 

another's, the contribution of the former to the net p5al benefits deriving from the fishery 
J 

may actually fall short of the latter's contributioq. This is because the opportunity cost of 
Y 
r- 

the skilled fisherman with a high catch may be higher than that of B e  unskilled fisherman 

with the low catch. This indicates that society incu~s a greater cost from. having the skilled 

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

so occupied. 

The heterogeneity of fishermen could also be recogni~ed by allowing competitive bid- 
'i 

for quotas units. More efficient fishermen w i b  be able to quotas as they 'will 

be willing to pay more for them than the less efficient 

An important issue concerning both individual quha management and limited entry 

licensing is the question of transferability, which is also advocated as a means of taking into 
'W-Z 

account the heterogeneity of fishermen. When quotas are transferable, many -marginal " 

fishermen should be willing to sell their rights to those fishermen earning intramarginal rents. 

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

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

periods of time. Note, however, that such leasing is probably a plished a; a higher cost 7 r 
than if the right was legally transferable.- 

r 
The transfer of licenses or quotas often leads to what has been termed the 

"transitional gains trapn (Copes, 1986a). The initial holders of quotas are able to capitalize 

the stream of future benefits and extract them from successive holders to whomr they lease 
* 

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

generation of beneficiaries. ~uccesshe generations earn the same returns that they would em 



' under an open access regime. To avoid this problem by imposing nontransferabijity, however, 

is to obsbct, in part, the purpdse of an individual quota. &management regime, this being the 

allocgion of more well-defined property rights. Nontransferability violates the right tg freely 

Qienate ownership. Quantitative rights must be transferable so that rights, like any other 

input' may gavitate- to their highest valuid use. Transferability is essential to ensure 
Cn 

achievement of the necessary marginal equalities (kindall, 1975: 733). Economic theory holds 

that any voluntary exchange will leave al l ,  existing parties better off 

The extent or existence of the transitional gains trap is related to 
P 

of rights. ' I f  quotas, are .granted freely or at a nominal fee, as they 

_ 
(Mercuro and Ryan, 

the initial allocation 

were in the British 

fishery, then the intitial holders will be the primary Seneficiaries of 
B 

If, however, the initial holders are also required to purchase the rights at their . 

value, transitional gains would not arise. In order to achieve such an allocation of rights, 

competitive bidding process appears the most promising. Note that this achieves an 

equitable distribution of rents among generations of fishermen, but does not address the 

question of improving fishermen's incomes. It is true that the incomes of all fishermen could 

be improved by issuing non-transferable quotas at a nominal fee. Note, however, that not all 

fishermer: in the British Columbia abalone fishery are in need of sub~id iq t ion .~~ 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 all fixhing incomes, when not all fishermen can 

be considered "poor". If transferable quotas were allocated through competitive bidding, the 

expected 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 0  There 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, -4ancouver, B.C. 



treat the objectives of economic efficieacy and acceptable levels of income as two separate 
- 

issues that do not have to be served simultaneously. One does not necessarily have to be 

served at the expense of the other. An ex-post distribution of rents is: howev&>frefl - A------ + .  

i 

objected to by virtue of the fact that it may offend the beneficiaries of the redistribution 

That is, recipients may 'consider income earned iq this manner to . be undignified or * 

demeaning. 

An additional advantage of .trans bility is the likely alleviation of enforcement costs. P 
An auctioning of non-uniform quotas allows the more productive fishermen to advantageously 

exploit their skills and should thereby result in a lower incidence o f '  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 help to alleviate some externalities, it will 

not result in their elimination. Recipients of quotas purchase the right to harvest a particular 

amount of unidentified abalone. An individual does not have the incentive to leave an 

adequate number of abalone behind for the purpose of increased future productivity of a 
k' i 

particular bed. because he is not assured of benefiting from the potential increase in that 

bed's productivity. Thus, the stock externality is still likely to occur under individual quota 

management Similarly. the individual quota system 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 than 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 p~ovide, among other things, an information 

system. a completely specified set of rights will reduce both ignorance and uncertainty. Also 



essential for reducing uncertainty as to the outcomes of decisions and aqions is the 
,L 

enforceability and enforcement of the set of rights (Randall, 1975: 733). 
( ---. - 

\\ 

Quotas are not strictly enforced in the British Columbia abalone ~ fishery," presumably 
I 

because it is too costly to do so. The lack-of enforcement renders the existing contract, that 

of an individual quota management regime, unfulfilled, as does the nontransferability of the 

quota. As mentioned earlier, even though fishermen do, in f a d  lease their right to exploit, 

the restrictions involve,d are likely €0 e it costly to do so. That is, there are institutional 7 impediments to pers6ns -attempting to trade. - In essence, non-.transferability imposes a restriction 

on the right to receive income. This in turn will yield predicrable changes in behaviour in 

the exercise of the exclusive right to use or decide how to use the good (Cheung, 1974: 

57). An alternative perception of non-transferability is that it achieves a particular allocation 

of income. The practice of charging a nominal fee for a noa-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 required to purchase the quota at a fee that reflected the capitalized value of 

all future rents, this would also result in the equitable treatment of all generatio& 

The holders ,of individual quotas have been assigned a partial property right to the 

y i e p o f  the British Columbia abalone fishery. Even in the absence of legal impediments to 

alienation, the property right would remain incomplete. The individual quota regime' allows for 

the continuance ' of externalities in production because the property right remains only partially 

specified. That is, holders of quotas are allocated the right to take a particular quantity of 

an unspecijTed resource. In addition, the enforcement of rights is incomplete. 

3 1  Based on personal communication from Richard Jacobson, Head of Shellfish Division, 
Department of Fisheries and Oceans, Vancouver. B.C. 



- 
A Case fbt Private Ownership ar Leasing of Abalone Beds 

Since abalone are sedentary shellfish that move very little beyond the pelagic stage, it 

would be relatively easy to define boundaries between different abalone beds. Abalone beds 

vary in size according to how conducive the habitat is to abalone growth and survival. 
- 

Consider 'the consequences of auctioning off the right to exploit particular abalone beds 

in perpe 'ty. Through a competitive bidding process, the purchase price for each bed should h4 
equal the {capitalized, value of the expected future net rents attainable from the bed 

Conceptually, then, society is able to extract all future resource rents from the abalone 

fishery. It may be desirable to allow a portion of these resource rents to accrue to 

low-income fishermen. This could be achieved by permitting marginal fishermen to purchase 

to harvest a particular bed at a fee that is less than the expected capitalized value 

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

i Auctioning is not 

is, however, likely to 

determine the value of 

The heterogeneity 

the only means by which rights can be allocated. Competitive bidding 

involve lower administrative costs than if the 

each abalone bed and set prices accordingly. 

of fishermen is properly accounted for under 

government were to 

such a system. The 

more productive operators will be willing to pay a higher price for a particular 

fishermen with lesser skills. Thus, their competitive advantage can by exploited by 

their relatively lower costs of production. 

Given transferability of ownership, owners of beds will have every incentive 

bed than 

virtue of 

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, 



- - 

the proceeds from exchange will be greater, the more valuable the existing stock. 

P 
Exclusive rights to a specified resource drill also result in optimal input configurations. 

1 .  

The owners of abalone beds can be expected to pursue cost-minimization strategies of 
4 

production just as any other competitive firm. 

After the initial allocation process, the transactions costs incurred by society are likely 

to be minimal. Monitoring and enforcement of fishermen behaviour is unnecessary under 

private ownership since the existence of property rights to abal~n'e beds provide indiyidfsals 

with the incentive to operate in a socially desirable manner. High costs will be incurred in 

the enforcement of the property right itself. Owing- to the geographical isolation and 
5 

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 and, 

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

1 

The production externalities that are allowed to continue under the regimes of limited 

entry and individual quota management will be eliminated under the private ownership of 

abalone beds. The exertion of harvesting pressure on any sbck will have consequences only 

, for the operator who exerted that pressure. No fisherman is able to influence, through his 

own production process, the success with which other fishermen harvest their stocks. Any 
@ 
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 

e;dernality. When 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 pelagic 

stage. Thus, the benefits resulting from a particular owner's maintenance of a bed's 

productivity may partially accrue to 

between private and social costs 

the owner of an adjacent bed. Consequently, a divergence 

wcurs. The distortionary effects arising from such an 



externality may be considered minor. 
2 

-- - -- 
- 

1- 

It is probable that some scattered stocks of abalone wouldu fall outside the boundaries 

of private beds. It is not necessary for all stocks to become subjeqt to a private iicewl 

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 exploit , 

by potential bidde~s Given time, however, such beds may b&me more attractive as a result 
\ 

of a continuing increase in the price of abalone or an increase in the productivity 

bed due to light harvesting pressure. 

The assignment of full private property rights in fisheries is often considered 

of the 

politically unacceptable. This presumably derives 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 resource. An empirical cost-benefit analysis 

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

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 

resulting from a vernment proposal to sell an area in which abalone occur is could be -, 
considerable. It is possible to sell abalone fishermen full rights to an identified stock of 

< 
abalone but not to any other aspect of the foreshore a ras  in which the abalone occur. This 

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

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

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

enforcement costs since the activities of non-abalone fishermen and recreational users would 
'b, 

require careful monitoring in order to ensure &at abalone stocks were exploited only by 



1 

individuals granted the right to do so. ~d~tionally,  the other f i  g and -remati@ "9 
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 
I 

adversities wohhwhile. 

The second aspect involved with the desire t'o retain public owne~ship of resources is 

the question of utilization of the resource within an area. By relinquishing ownership of a 

requrce, not only does the public no longer have access to the resource, but it is also more 

difficult to interfere in the abalone fishery when it interfaces with other resource uses. When 

dealing with a marine 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 dealing with multiple resource use problems. 

- 

Given the improbability of eliminating the public desire to perpetuate the commons, the 

folkwing compromise is proposed. The government, on behalf of society, could lease beds of 

abalone to individual operators. From an economic standpoint, this solution is inferior to that 

of pPivate ownership since a lease is a less fully defined form of property right Neverthless. 

certain precautions can be taken to "minimiz=e the inefficienciesw. -leases should be extended 
I 

for a mnsidkrabie length of time (at least ten years) in order that leaseholders can be 

provided with some reasonable assurance of a right in the yield. Again, competitive bidding 

fop 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. 

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 cosS involved in 

structuring the contract will also be higher. Costs will be incurred in attempting to determine 

desired stock and habitat conditiops and these requirements must be stipulated in the contract 



in such a way , so as avoid 

stipulation is the retention of 

problems. 

- 

\ 

It is believed that the leasing arrangement, too, will be met with onsternation fmm 

future complications. Another potentially desirable contractual 
- 
- - -- -- 

government rights in dealing with muI"pre resource yse 

public officikl~.~~ Such a contractual structure, however, involves the same degree of private 

property rights as does the current individual quota arrangement The fonner merely involves 

the identification of the stocks associated with the right to fish. Herein lies the advantage of 

leasing over individual quotas. The state or condition of any bed or substock of abalone 

can be qttributed to the effort of the leaseholder. Thus, that individual or fishing unit is 

able to derive the benefits from, or suffer the consequences of, his harvesting prmedures. 
B 

This is not the case with individual quotas. Rather, the fishery as a whole sudains 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 present themselves if full private property rights are granted In the event that abalone 

beds are leased, there will exist a relationship between the contracting parties which will 

- - 
persist over a long period of time. The government and the leaseholders 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 agents for 

purposes gf gathering information, making decisions, negotiating the entract, md adjusting the 

terms of the ongoing relationships. 

A leasing arrangement involves a much higher degree of risk and uncertainty on tk 

part of fishermen than a private ownership arrangement Both arrangements will, of course, 

involve uncertainty of fume yields. In comparison to a private property regime, a ].easing 

arrangement may also involve greater uncertainty regarding government response to changing 

3 2  Based c . ~  personal communication from Richard Jacobson, Head of Shellfish Division, 
Department of Fisheries and Oceans, Vancouver, B.C. 



tt 

conditions 6ver the course of the contract It is probable that in a situation where the 
- --- 

government retains ultimate ownership of a rhurce ,  it will be less hesitant to interfere 'in 

question of resource use, relative to a case where ownership has been relinquished Such 
e 

uncertainties will affect the outcome of the competitive bidding process. owing to the effect 
- 

of risk on the expected value of the capitalized stream of rents over the duration of the 

lease. OP the one hand, a long-term lease reduces the risk undertaken by 3 fisherman in 
* .  

t he is assured of the right to participate for an extended period. However, the ,price 

which he bids for 'the lease is more likely to reflect actual capitalized rents if he is bidding 

for a short-term lease. The income stream is less predictable in the far future *than it is in 

the near fu&e. Additionally, the longer the durahon of the contract, the more probable that 

the conditions of the contract will be altered prior to termination. In general, the longer the 
* .  

anticipated relationship and 'the more complexity and uncertainty entailed in that relationship, 

- the less attention will be focused on stipulating price and quantity variables at the contract 

f o m t % n  stage, Rather emphasis will be placed on the establishment of rules to govern the 

relationship (Goldberg, 1976: 432). 

It is likely that all concerned parties will prefer a contract that reflects a considerable . * 

degee of flexibility. Since the stream of capitalized future rents generated by a particular 

abalone bed is uncertain, it will not generally coincide with the amount of an individual bid 

for a lease on that particular bed. It may be desirable, therefore, to stipulate at the time of 
B 

contract formation, a procedure whereby the amount of deviation of realized rents from 

expected renfs for a particula period accrue to the appropriate party. Thus, if actual resource 

rents exceeded expected resource rents in a given year, the excess would accrue to the 

povpmnedt Conversely. any shortcoming in act& rents relative to perceived rents should 
\ 

accrue to fishermen. This procedure would, of course, require neutral' third 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 verification would involve the necessity for 



accurate estimates 
\% 

rents that accrue 

o ~ " i & i d u a l  producers' surplus in ordex to ensure that it is only rrsource 
- - - - - - - - 

to the This, in tum, req- third-party acquisition of knowledge 

regarding fishermen's present and future skill levels, a task that may considered impossible in 

practicaI terms. 

Contract flexibility may be achieved to some degree by providing for, insurance against 

unexpected changes in exogenous variables, that is, facto& outside the control of any 
P 

- concerned p$rtie&+ The 'adversities stemming from uncertainty may also be alleviated by 

selecting a contract of optimal duration. Specifically, it is desirable to minimize the cost of 
0 

uncertainty resulting from unknown future variables as well as uncertainty arising from the 

fact that leases are temporary. In the latter case, a contract of fairly long duration provides 

significant assurance that i a  lease-holder will reap the benefits of his efforts. Conversely, a 

short-term contract allows for more frequent revisions of leasing bids; this is desirable when 

faced with significant fluctuations in ariables such as demand and technology. r 
The singular advantage of a transferable leasing arrangement over an individual 

transferable quota system, involves the proprietary nature of the contract TheL. 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 or 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. 



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 fiom the fishery per 

year. In order to maximize the net benefits attainable fiom 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 

order that 

disposal of 

5 

likelihood of the above proposal being politically unacceptable is significant In 

access and utilization priveleges to the abalone fishery remain ultimately at the 

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

The costs associated 

twofold: there are costs 

associated with negotiating 

When determining 

with the formation of property and of the subsequent contracts are 
"n 

related to defining and policing exclusivity, and there are costs 

and enforcing contracts and the exchange of property. 

the optimal contractual arrangement for any resource, including 

fisheiies, 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 
a, 

'account for the cowequences of all actions, as is the case 'with common property regimes in 

fisheries, it is economically desirable to consider alternative legal arrangements or government 

regulations. 

It is beyond the scope of this thesis to offer a definitive judgementc regarding the 

superiority of a single rationalization scheme. From a theoretical vi&vpoint, a management 

regime which offers the most well-defined property rights to participants appears to be 



economically most efficient. However, the costs associated with administeriqg and enforcing 
-- - ---- 1.- 

private property may not be worthwhile. In addition, the social costs involved 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 !is a viable alternative to the individual quota - 

system 
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