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It is not from the benevolence of the butcher, the brewer, or the baker, that we
expect our dinner, but from their regard to their own interest .... Every individual
... intends only his own gain, and he is in this, as in many other cases, led by an
invisible hand to promote an end which was no part of his intention. Nor is it
always worse for society that it was no part of it. By pursuing his own interest he
frequently promotes that of society more effectually than when he really intends

to promote it.

Adam Smith, The Wealth of Nations (17786, Book I, chapter 2, 2 and Book IV,
chapter 2, 9)

Ruin is the destination toward which all men rush, each pursuing his own best
interest in a society that believes in the freedom of the commons. Freedom in a

commons brings ruin to all.

Garrett Hardin, The Tragedy of the Commons (1968, 162)



CHAPTER 1: INTRODUCTION

1.1 THE EcoNomics OF EXTRACTIVE RESOURCE USE

Economics, as a discipline, is concerned with establishing optimal rates of use
and patterns of allocation of scarce (or limited) resources as the basis for
maximising social welfare. In this regard, historically, economists have tended to
focus primarily on the use and management of non-renewable or exhaustik'e
natural resources.” This focus is principally due to the fact that, by definition,
non-renewable resources are relatively more scarce than renewable resources
which, in turn, serves to escalate the threat of resource exhaustion and thereby
jeopardise the sustainability of economic growth and development. However,
more recently, the concern of economists has shifted to incorporate renewable
resources. In this regard, Berkes and Farvar (1989, 3), for example, noted:
‘increasingly, there is general agreement that extractive [that is, non-renewable
as well as renewable] resources should be used sustainably’.? Continuing in this

vein, Peterson and Fisher (1977, 681) argued:

' The term ‘resources’ is applied by economists in a wide-ranging capacity to include ‘tangible’
and ‘intangible’ resources. ‘Tangible’ resources are typically identified by economists as
consisting of land, labour and capital’ (where ‘land’ incorporates all naturally occurring resources).
Intangible’ resources consist of productive resources such as entrepreneurship, human capital
and technology. In this paper, the term ‘resources’ should generally be taken to mean ‘natural
resources’. Hence, ‘resource economics’ is, by definition, concered with the optimal use and
management of natural resources.

2 The concept of sustainability has proved difficult to define and operationalise, and a large and
divers literature has emerged in recent years concerning the notion of ‘sustainable development’
(Reid, 1995, xiii-xx; Turner, 1995, 3). Indeed, many definitions (often incompatible with each
other) have been suggested and debated. thereby exposing a range of approaches — including
economic, ecological and socio-cultural approaches (Munasinghe, 1993) — linked to different
world views (Pearce ef al. 1989; Peace and Turner, 1990). However. a widely used d<finition is
that offered by the World Commission on Environment and Development (1987): ‘Sustainable
development is development which meets the needs of the present without compromising the
ability of future generations to meet their own needs.’ That is to say, sustainable development is
future oriented in that it seeks to énsure that future generations are at least as well off, on a
welfare basis, as current generations. Sustainability is, therefore, a dynamic or intergenerational
concept (Tumer, 1995). See Reid (1995) or Turner (1995) for comprehensive reviews of t.:.e
concept of sustainable development.



Stimulated by the energy and environmental ‘crises’ of recent yéars, and perhaps
by the widely debated Club of Rome study on the limits to growth ... a vigorous
literature has evolved on [the management and optimal use of] natural resources

and the environment.

However, the concern of economists with natural resource scarcity is not recent.
Indeed, economists’ concern with the use and management of natural resources
dates to the emergence of economics as an identifiable discipline (Randall,
1987 18). As evidence of this, Peterson and Fisher (1977, 681) argued that the
‘dismal science’ has its roots in Malthus' apocalyptic scenario of inevitable
human misery resulting from limited agricultural land and population growth: ‘if
the only check on population is misery, then population growth will continue until
the population is miserable’ (Peterson and Fisher, 1977, 681).3 Similarly,
Heilbroner (1973, 76) noted:

For what the [Malthus] essay on population said was that there was a tendency in

nature for population to outstrip all possible means of subsistence. Far from

ascending to an ever higher level, society was caught in a hopeless trap in which

the human reproductive urge would irevitably shove humanity to the sheer brink

of the precipice of existence. Instead of being headed for Utopia, the human lot

was forever condemned to a losing struggle between ravenous and multiplying

mouths and the eternally insufficient stock of Nature's cupboard, however

diligently that cupboard might be searched.
Anyone who was not sufficiently depressed by Malthus had only to turn to
Ricardo (1817), who considered economic progress to be impenetratLiy
constrained by the fixed supply of land.* A similar picture of gloom was painted
by Jevons (1865) in The Coal Question. In that book, Jevons focused principally
on the issue of whether Britain could maintain her industrial supremacy.5 But, as
noted by Gordon (1973, 108), Jevons' ‘argument was meant to apply to all

industrial civilizations’ and, furthermore, ‘Coal supply plays the same role of

* Thomas Carlyle is credited with first describing economics as the ‘dismal science’ after reading
Malthus’ (1798) (then anonymous) treatise An Essay on the Principle of Population as It Affects
ﬁhe Future Improvement of Society (Heilbroner, 1972, 76).

The ‘limits’ concept is also present in Mill's (1857) 'stationary state’ in which the stock of people
sand the stock of capital assets are constant.

It ought to be noted that the English had long been concerned with the issue of the depletion of
extractive resources. For example, laws were passed during the reign of Elizabeth | (1558-1603)
which limited forging and furnace operations in districts where timber had become sufficieruly
scarce. Indeed, by the early seventeenth century, British industrial expansion was ‘confronted
with nothing less than a “national crisis” ... as a result of the severe depletion of timber supplies’
(Rosenberg, 1973, 112).



ultimate constraint in Jevons' scenario as land supply does in the Ricardo
model." Thatis to say, Jevons' concern lay as much with the general problem of
the constraints placed upon economic expansion by the scarcity of resources, as

identified by earlier economists, as it did with the specific problem of the scarcity

of coal.

From these early concerns, a substantial literature dealing with the issue of
extractive resource use and management has developed.® The first
comprehensive theory of extractive resources is credited to Gray (1914), who
developed a microeconomic theory of the effects of taxation and price levels on
extraction rates in mines.” However, this early theory on the management of
non-renewable resources, and the extensions made to it by a number of writers
(among them, Paish, 1938; Carlisle, 1954; Scott, 1955a; Brobst et al, 1973;
Fisher and Krutilla, 1975; Helliwell, 1978), suffered from a fundamental flaw: the
theory was couched in a static framework, whereas the problem of resource
management is, by nature, one of dynamic optimisation. As Peterson and Fisher
(1977, 693) noted:

The decision on when and how hard to squeeze the orange depends on

conditions in the future as well as the present. We shall assume that a resource

manager wishes to determine the time path of extraction that maximises the

present value of an exhaustible resource. This clearly requires dynamic
optimisation.

Similarly, Dasgupta and Heal (1978) have emphasised that dynamic, or
intertamporal, efficiency refers to an entire path of resource use through time.

Therefore, any assessment as to whether or not a current pattern of resource

® At the broadest level, this literature can be divided into two branches, that dealing with non-
renewable extractive resources, and that dealing with renewable extractive resources. Following
the convention established by Ciriacy-Wantrup (1952, 35-8), extractive resources are defined as
renewable or non-renewable, depending on whether they exhibit ‘economically significant rates of
regeneration’. It should be noted that Koopmans (1974) and Pindyck (1978) made the further
distinction between exhaustible and non-renewable resources by noting that while bc.th
exhaustible and non-renewable resources do not exhibit growth or regeneration, new reserves of
;he latter can be acquired through exploratory effort and discovery.

Gray (1914) developed what is now known as the ‘user cost approach’: the sacrifice of future
use caused by consuming a unit of an exhaustible resource today. The cost of using an
exhaustible resource was therefore argued to be made up of the sum of its extraction costs and
this ‘user cost’ element.

e ———



use is efficient requires not only looking at current rates of use but ‘peering into
the distant future’ as well (Feige and Blau, 1980, 117). Thus, it is argued that
natural resource management hinges on the principle of dynamic, rather than

static, efficiency.

The seminal paper dealing with optimal dynamic resource use is that provided by

Hotelling (1931):

The theory of natural resource economics ... [is] concern[ed] with the
intertemporal allocation of renewable and non-renewable resources ... [and]
typically applies dynamic control methods of analysis to problems of intertemporal
resource usage. This has its roots in ... the seminal paper by Harold Hotelling
(1931). (Cropper and Qats, 1992, 677-8)

Hotelling (1931) set out the requirements for dynamic efficiency in the extraction
of non-renewable resources by showing that, under competitive conditions, the
rent or royalty on a natural resource (the price net of extraction costs for the
marginal unit) would increase over time at a percentage rate equal to the
resource owner's discount rate. Thus, for a hypothetical resource with costless
extraction, the ‘Hotelling rule’ states that optimal extraction, that is, dynamic
efficiency, is achieved by the real price of the resource rising at a rate equal to
the rate of interest (Feige and Blau, 1980, 119; Martinez-Alier, 1987, 164-71,
Pearce, 1991, 317).2 Since then, ‘Hotelling's rule’ has served as the platform for
the vast theoretical literature that has developed vis-a-vis the optimal use and

management of non-renewable resources (Peterson and Fisher, 1977).°

% See Dasgupta and Heal (1979) for a more detailed consideration of Hotelling’s rule. Also see
S(;30nrad and Clark (1987) for a discussion and example of the application of the Hotelling model.
Gordon (1967) and Cummings (1969) have also made important contributions to the theory of
dynamic optimisation of non-renewable extractive resources. Less technical treatments of the
theory of non-renewable resource extraction have been provided by Herfindah! (1955), Herfindahl
and Kneese (1974) and Solow (1974). Much of the modern literature is devoted to investigating
the implications of relaxing the assumptions of Hotelling’s original work, and includ2s
considerations of the impact of industrial structure, including monopolisation (Peterson, 1976) and
cartelisation (Hynilicza and Pindyck, 1976; Schmalensee, 1976) of industries, on optimal
extraction rates; the impact of exploration on non-renewable resource extraction (Lorie and
Savage, 1955; Adelman, 1970 & 1972; Uhler, 1975) which, as noted above, provides for the
important distinction, as made by Koopmans (1974) and Pindyck (1978), between non-renewable
and exhaustible resources; the impact of variable (rather than zero) costs (due to, for example,
declining ore grades) on optimal extraction rates (Solow and Wan, 1976); the role played by
uncertainty in influencing decision making vis-a-vis optimal extraction rates of non-renewable
resou-ces (Grayson, 1960; Kaufman, 1963; Weinstein and Zeckhauser, 1975; Arrow and Chang,



While concerns with resource management historically lie with optimal use of
non-renewable extractive resources (reinforced by, inter alia, the ‘limits to growth’
debate of the 1970s, which revolved around the possibility of the exhaustion »f
non-renewable resources),’® more recently, emphasis in the literature has shifted
to consider the optimal use and management of renewable extractive resources.
Indeed. the 1980s witnessed a definite shift in emphasis from the exploitation of

non-renewable to renewable resources. For example, Chiras (1992, 10-11)

noted:

. economies depend chiefly on our ability to draw sustenance from a finite
natural world - that is, from nonrenewable resources such as oil, natural gas, and
minerals. Given trends in population growth, nonrenewable resource supplies,
and demand, our continued existence will depend upon our ability to shift from
finite nonrenewable resources to renewable resources ... [and] the destruction of
these [renewable] resources is far more dangerous than the quick depletion of
nonrenewable resources — oil and minerals — now under way.

Pearce (1993, 73-4) identified three main causes of this switch in concern
amongst economists. First, it became apparent that ‘renewability’ did not mean
that resources would necessarily renew themselves. Renewability depended
critically on the management regime in place; over-exploitation of renewable
resources — such as tropical forests or freshwater fish stocks — could result in the
collapse or extinction of these resources, thus rendering them ‘non-renewable’.

Second, the vast literature that developed, in particular, over the course of the

1978; Hoel, 1978b; Devarajan and Fisher, 1981); and the impact of recycling on optimal rates of
extraction on non-renewable resources (d'Arge and Kogiku, 1973; Schulze, 1974; Weinstein and
Zeckhauser, 1974). A number of recent contributions have analysed the effects of initial
investment costs - set-up costs — on the Hotelling path (Campbell, 1980; Pearce, 1991). It should
also be noted that Hotelling considered the implications of relaxing some of the assumptions of
his original model in investigating, amongst other things, the impact of monopoly, costs that rise
as extraction increases (the Ricardian case), the influence of fixed investment costs and the effect
of a severance tax (that is, a tax on depletion) on optimal extraction rates of non-renewabie
resources (Pearce, 1991, 326-8). Fuller reviews of these early developments in the theory of non-
renewable resource use are provided elsewhere (Weitzman, 1975; Peterson and Fisher, 1977:
Pearce, 1991).

° For example, in the influential work Limits to Growth (Meadows et al, 1972, 64-7) it was
estimated that the remaining 'life’ of aluminium, given existing estimates of reserves, was 31
years, and that world petroleum and gold reserves would last 20 and 9 years respectively, from
the year of estimation (1972). Furthermore, the ‘energy crisis’ of the 1970s tended to give the
discussion of resource exhaustion a politically relevant basis, even though the crisis was one of
price and not the physical availability of resources (Pearce, 1993).



1970s, had focused on selected resources, especially fisheries and forests. As
scientific knowledge grew, however, it was recognised that ecosystems in
general behave as renewable resources. This view has its roots in Boulding's
(1966) essay on ‘spaceship earth’. Whereas the conventional ‘textbook’
treatment depicted the economy as a linear system (resources flowing to
consumption and investment), Boulding drew on two laws of thermodynamics to
establish two propositions. The first law of thermodynamics, the conservation of
matter or energy, states that the economic system cannot destroy anything:
whatever enters the economic system must reappear in the same or a
transformed state elsewhere in the system. Thus, all resource extraction,
production and consumption results in waste products (‘residuals’) equal in
matter to the resources flowing into these sectors. The second law of
thermodynamics, the entropy law, states that energy cannot be recycled, while
many materials uses are so dissipative that the transformed product cannot be
recycled. Thus, there is no possibility of waste products being ‘fully’ recycled to
re-enter the resource flow. All this adds up to the economy being a circular
system rather than a linear one, with resources flowing through the economic
system and then on to the environment as a ‘sink’ for residuals or being partly
recycled to become resources again.11 Third, as the developing country
perspective emerged, so it readily became apparent that it is renewable
resources ~ such as water, trees, fish, crop residues, grass cover and soils — that

matter most for the immediate welfare of the world’s poor.'

The substantial origins of renewable resource economics can be traced back to
the seminal article of Gordon (1954), in which an economic model of a
renewable resource, the fishery, was developed using orthodox, microeconomic

analysis in an effort to explain low incomes among fishers in Canada’s marine

" Thu's_the c_arbon cyc!e, for example, operates as a balanced system in which carbon is emitted
from living things and is absorbed by carbon ‘sinks’, notably oceans and forests (Pearse, 1993
74). T
"2 As an aside, it is interesting to note that it estimated that renewable energy sources, such as

solar power, could meet 5 percent of the world's energy needs in 20 years and 50 pe
2050 (Business Week, 1997). y percent by



fisheries. In setting out the problem of renewable resource management in
economic terms. Gordon provided the principles which have served as the
centrepiece for all subsequent developments in the theory of renewable resource
economics (Clark, 1976; Pearce, 1991)." Overwhelmingly, renewable resources
tend to be open-access resources (res nulliae). that is, property to which there is
unrestricted access, such as fisheries, forests, wildlife stocks and ‘communal’
pastoral land (Morey, 1980; Berkes and Farvar, 1989; Pearce, 1991). Gordon
(1954) argued that, if left unregulated, open-access renewable resources will be
over-exploited. In Gordon's (1954, 141) own words: ‘the uncontrolled equilibrium
means a higher expenditure of effort, higher fish landings, and a lower continuing
fish population than the optimum equilibrium’.14 Indeed, Gordon (1954, 131)
went on to argue that, unless regulated, the fishery will be driven to a point at
which the total costs and total revenue of harvesting are equal. In this case, the
economic rent or yield (revenue less economic costs) of renewable resource
extraction is zero. Thus, Munro and Scott (1985, 623) noted:

If a [renewable] resource is commercially valuable and is open to unrestricted

exploitation, the resource will certainiy be subject to excessive depletion from

society's point of view. Since the resource is open to all and owned by none,

[there is] no incentive to conserve the resource. A [person] who refrains from

harvesting the resource is likely to find, not that he has helped conserve the

resource, but rather that he has simply enhanced the harvest opportunities of his
competitors.

The case is made more dramatically by Hardin (1968) in his celebrated paper
The Tragedy of the Commons: ‘Ruin is the destination toward which all men
rush, each pursuing his own best interest in a society that believes in the

freedom of the commons. Freedom in a commons brings ruin to all." This is the

" While Hotelling's (1931) work has served as the platform for the substantial literature that has
emerged since the 1930s on the optimal use and management of non-renewable resources
(Cropper and Oats, 1992, 677-8), it has been argued that: ‘Gordon's result’s ... may be considered
the second fundamental theorem of resource economics, complementing Hotelling’s theorem for
i1rJdividuaIIy owned resource stocks’ (Clark, 1976, 7).

it should be noted that Gordon's argument with regard to higher fish catches falls away once

the analysis is extended into a dynamic setting because, as recognised by Gordon, the ongoing
lower biomass ultimately leads to lower catches.



so-called Class | problem of open-access renewable resources (Munro and

Scott. 1985. 631: Johnston, 1992, 6).'°

From this, it follows that it is necessary for authorities to regulate or control the
use of renewable resources in order to prevent (unsustainable) over-exploitation
or ‘mining’ of these resources. Historically, authorities have responded by
adopting biological goals, such as maximum sustainable yield (or some
derivative thereof), as the basis for sustainable exploitation of renewable
resources. As Clark (1973b) noted: ‘The most commonly encountered proposal
for managing a biological resource is to maximise the sustained yield." In this
respect, Gordon (1954) provided a further important principle regarding the
‘optimal’ exploitation of renewable resources by arguing that biological principles
are an incomplete basis for renewable resource use. The reason for this is
straightforward: biological principles fail to maximise economic rent — the
difference between sustainable reverue (catch) and the costs of harvesting -
where maximisation of economic rent is taken as the basis for social welfare
maximisation. As Gordon (1954, 129) noted:

We can define the optimum degree of utilization of any particular fishing ground

[renewable resource] as that which maximises the net economic yield, the

difference between total cost, on the one hand, and total receipts (or total value
production), on the other.

Thus, Gordon (1954) adopted the criterion of maximisation of economic rents as
the appropriate basis for fisheries management, in contributing towards
maximum social welfare.’® In so doing, Gordon provided the justification for the

replacement of biological principles with the bioeconomic (biological coupled with

' The Class | problem of rent dissipation due to over-fishing under open-access conditions is to
be distinguished from the Class Il problem of open-access, as discussed later in this chapter,
which refers to the situation where resources are preserved, but resource rents are dissipated
through over-investment by fishers in boats, equipment and gear.

' The terms ‘economic rent’ and ‘economic yield" are frequently used interchangeably; this study
retains this practice.



economic) principle of maximum sustainable rent, as the basis for optimal

re . 17
utilisation of renewable resources.

While the origins of renewable resource economics are found in Gordon’s model,
in retrospect, the model was deficient in a number of ways (Butlin, 1975). The
model was developed within a static framework, and was based on the highly
restrictive assumptions of autonomous, linear resource prices and harvestirg
costs. In addition. the model, as developed by Gordon, did not allow for the
biological and economic uncertainty inherent in fishing and, more generally,
renewable resource use. Moreover, the model failed to consider the implications
of multi-species harvesting, species interaction and the possibility of multi-
harvesting technologies. Since the mid-1950s, however, a vast literature has
developed in an effort to compensate for the various deficiencies of the Gordon

model.

Arguably the most successful extension of Gordon’s work has involved shifting
the model into a dynamic setting. The criterion of maximisation of economic
rents adopted by Gordon (1954) is partial: it ignores the principle of optimisation
across time. As early as 1955, Scott recognised the principal of dynamic
efficiency, arguing that the optimal management of fisheries hinged upon the
principle of maximising the net present value of all future net returns of the
fishery (Morey, 1980, 840). It should be noted, however, that Gordon was
acutely aware of the need for a dynamic approach to resource economics. For
example, in a later work, Gordon (1956, 65-72) argued:

The conservation problem is essentially one which requires a dynamic

formulation .... The economic justification of conservation is the same as that of

any capital investment - by postponing utilization we hope to increase the quantity

available for use at a future date. In the fishing industry we may allow our fish to

grow and to reproduce so that the stock at a future date will be greater than it

would be if we attempted to catch as much as possible at the present time .... In
theoretical terms this means that the optimum degree of exploitation of a fishery

" Economists typically identify three criteria in the management of renewable resources:

economic efficiency, biological sustainability and social equity. While Gordon (1954) describes
the bioeconomic principle of the maximisation of rent as ‘optimal’, rent maximisation ignores the
issue of social equity. This shortcoming is addressed at a later stage in this study.



must be defined as a time function of some sort. That is to say, it is necessary to
arrive at an optimum which is a catch per unit of time, and one must reach this
objective through consideration of the interaction between the rate of catch, the
dynamics of fish populations, and the economic time-preference schedule of the
community or the interest rate on invested capital. This is a very complicated
problem and | suspect that we will have to look to the mathematical economists

for assistance in clarifying it.

Indeed, it was not until the 1970s, with the development of sufficiently
sophisticated mathematical tools (in particular, optimal control theory) that the
formidable task of casting Gordon’s renewable resource model in a dynamic
setting was accomplished by, inter alia, Plourde (1970 & 1971) and Quirk and
Smith (‘I97O).18 Since then, an extensive and thorough treatment of the dynamic

optimisation problem has been provided by Clark (1976) and Munro (1981).

In turn, this ‘basic dynamic model’ has been extended to address a number of
the additional limitations of Gordon'’s initial work (Munro and Scott, 1985). The
most significant extensions of the model include the relaxation of the restrictive
assumptions of autonomy in prices and costs (Clark and Munro, 1982; Muni.o
and Scott, 1985) and linearity in prices and costs (Copes, 1970 & 1972; Clark
and Munro, 1975 & 1983; Clark, 1976; Munro and Scott, 1985). The model has
also been extended to incorpora{te muilti-species harvesting and multi-harvesting
technologies (Quirk and Smith, 1970; Clark, 1976; Hupert, 1979; Mendelssohn,
1978 & 1980; May et al, 1979; Bishop and Samples, 1980; Munro, 1982; Sobel,
1982; Clark, 1985; Lipton and Strand, 1989; Smale, 1993); and a considerable,
but incomplete, literature dealing with the issue of uncertainty has developed
since the early 1970s (Mann, 1970; Jacquette, 1972 & 1974; Thompson et al,
1973, Reed, 1974 & 1979; Beddington and May, 1977; Gleit, 1978:
Mendelssohn, 1978 & 1980; Lewis, 1981; Spulber, 1982a; Charles, 1983;

"® Also see Brown (1974), Neher (1974), Long (1977), Peterson and Fisher (1977), Smith (1977),
Dasgupta and Heal (1979), Levhari et a/ (1981), Clark and Munro (1981) and Dasgupta (1982) for
examplgs of alternative treatments of the capital-theoretic approach to renewable resource
€conomics.
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Andersen and Sutinen, 1984; Clark and Kirkwood, 1986; Getz and Haight, 1989;

Hannesson and Steinshamn, 1990)."®

Three points shouid be noted regarding the above developments in the theory of
renewable resource economics. First, the bulk of the advances have been made
within the field of fisheries economics (Clark, 1976; Peterson and Fisher, 1977).
However, this is primarily due to the origins of the theory, and does not imply that
the theory is not applicable to other renewable resources. On the contrary,
advances made in the theory of fisheries economics are readily and easily
applied to other renewable resources (Clark, 1976 & 1985; Getz and Haight,
1989: Pearce and Turner, 1990; Turner, 1995; Klemperer, 1996).%° Indeed, this
point was made by Gordon (1954, 124) himself:

Although the theory presented in the following pages is worked out in terms of the

fishing industry, it is, | believe, applicable to all general cases where [renewable]

natural resources are owned in common and exploited under conditions of
individualistic competition.

Second, while considerable advances have been made in the theory of
renewable resource economics since its formulation in the mid-1950s, Gordon's
principal results remain valid, and continue to serve as guiding principles in the
theory of renewable resource economics. That is, unless regulated, open-
access renewable resources will be over-exploited; and biological principles are
a partial, and therefore incomplete, basis for the management of renewable
resources. Third, and of seminal importance, in spite of the validity of Gordon's
results, these principles have not spilled over into practice; this argument is

developed in Section 1.2 below.

' This review is by no means complete; a number of writers have made further contributions to
the theory. For example, Clark and Munro (1980) and Schworm (1983) have developed a multi-
sectoral model of the fishery; and a number of writers, including Lewis and Schmalensee (1977),
Getz (1979), Spulber (1982) and Flaaten (1983), have considered the issue of optimal harvest
techniques. Some of these extensions are discussed more fully in Chapter 3. Fuller reviews of
developments in the theory of renewable resource use and management have been provided by,
amongst others, Butlin (1975), Clark (1976 & 1985), Cushing (1977), Hannesson (1978), Mirman
2aond Spulber (1982), Cunningham et a/ (1985), Munro and Scott (1985) and Wilen (1985).

For example, Klemperer (1996) applied many of the developments discussed above to forestry
resources.
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1.2 OPEN-ACCESS RENEWABLE RESOURCE USE AND MANAGEMENT: A REVIEW OF

THE EVIDENCE

While substantial advances have been made in the theory of renewable resource
economics over the past four decades, these developments have generally not
spilled over into practice. Indeed, evidence of the over-exploitation of renewable
resources abounds.?’ Greene (1991), for example, has argued that growth in
the world’s population and economy, increased and widespread industrialisation
and the development of international trade have occurred on such a scale that
severe environmental damage and unsustainable exploitation of the eartl’s
resources are taking place on a global scale. More specific reference to the
over-exploitation of renewable resources has been made by Chiras (1992, 10):
Today's challenge ... is to refrain from destroying forests, grasslands and other
[renewable] resources that can provide a continuous supply of food and
matenials, and to rebuild (restore) what has already been lost .... Unfortunately,
heavy timber cutting in tropical and temperate forests, overhunting and

overfishing are destroying renewabie resources at a rapid rate and, in the
process, undercutting the resource base upon which humanity depends.

In similar vein, Berkes and Farvar (1989, 6) wrote:

The notion advanced in the State of the World - that the general economic
decline of Africa is largely attributable to the non-sustainable use [over-
exploitation] of [renewable resources such as) forest, grazing land, water and soil
resources — is now widely accepted.

More detailed evidence on the over-exploitation of renewable resources,
including forests, water, wildlife, soils and pastures is readily available. For
example, Chiras (1992, 6) noted: ‘Rain forests are a rich source of diverse wild
species, new medicines and useful products. Once covering an area the size of
the United States [of America], tropical rain forests have been reduced by at
least a third, perhaps as much as a half.’ In considering the use of soil, Chiras
(1992, 221) noted:

" Recent examples of this evidence can be found in, inter alia, Morey (1980), Miller (1988), Silver

21330), Council on Environmental Quality (1990), Quarrie (1992) and VanDeVeer and Pierce
1994).
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Each year. most countries lose topsoil to wind and water erosion in amounts that
far exceed soil regeneration. In addition. millions of acres of farmland and
rangeland are destroyed annually because of desertification caused by
overgrazing and intensive agriculture. Worldwide. an area the size of Belgium
(about 15 million acres) turns to desert each year. According to the UN [United
Nations] Environment Program, if current trends continue, one-third of the world's
cropland will become desert by the end of the century.
However. it is arguable that the most dramatic examples of over-exploitation of

renewable resources have occurred in commercial marine fisheries. As Clark

(1985, 6) has noted:

... anyone familiar with the world-wide history of fisheries development since the
1950s has no need of academic verification to realise that Gordon’s predictions
have now been borne out over and over again. Depletion of major fish stocks
and the impoverishment of fishing fleets and processing companies have become
common phenomena worldwide.

In support of this argument, Clark (1985, 6) provided a number of examples of
the collapse (or near collapse) of commercial marine fisheries over the course of
this century (Table 1.1).2 However, a more comprehensive picture of the over-
exploitation of commercial marine fisheries has been provided by Loayza (1992,
6) who noted that between two-thirds and four-fifths of fish stocks in major
fishing areas of the Atlantic and Pacific oceans are in a state of full exploitation,
over-exploitation or depletion. In similar vein, Knauss (1994) has estimated that
in the United States of America, approximately 45 percent of fish stocks are
over-exploited, while Rosenberg et al (1993) have estimated that 59 percent of

stocks found in European Union waters are over-exploited.

2 As_ is_ the case with other renewable resources, a vast literature documenting the over-
exploitation of fish stocks exists. Recent examples include, inter alia, Clark (1985), Johnston
(1992), Loayza (1992 & 1994) and VanDeVeer and Pierce (1994).
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Table 1.1: A Sample of Depleted Commercial Marine Fisheries

Stock Peak Catch (Year) Catch (1981)
Antarctic biue whale 29 000 units (1931) 0 units
Antarctic fin whale 27 000 units (1938) 0 units
Hokkaido herring 850 000 tons (1913) 0 tons
Peruvian anchoveta 12 300 000 tons (1970) 300 000 tons
Southwest African pilchard 1 400 000 tons (1968) 0 tons
North Sea herring 1 500 000 tons (1962) Negligible
California sardine 640 000 tons (1936) 0 tons
George's Bank herring 370 000 tons (1968) 0 tons
Japanese sardine 2 300 000 tons (1939) 17 000 tons (1973)

Source: Clark (1985, 6).

1.3 OVER-EXPLOITATION OF RENEWABLE RESOURCES: REASONS, IMPLICATIONS AND

RESPONSES

It can be argued that the over-exploitation of renewable resources can be
ascribed to three main factors. First, contrary to the prescriptions of Gordon
(1954) and others (Scott, 1955; Crutchfield, 1956; Turvey 1957 & 1964,
Crutchfield and Zeliner, 1963), in many instances renewable resources have
gone unprotected (Chiras, 1992; Council on Environmental Quality, 1990;
Greene, 1991). For example, renewable marine resources essentially remained
‘open-access’ until the early 1970s; and it was only with the Third United Nation’s
Convention on the Law of the Sea (UNCLOS) (1973-82) that the notion of an
exclusive economic zone, which gave jurisdiction to coastal states over sea and
seabed resources located within 200 nautical miles of coastlines, became widely

adopted (Cushing, 1977, Smith and Greene, 1991, 38-48). Even so,
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transboundary migration, for example, has served to undermine the
effectiveness of regulations that have been introduced since the 1970s (Smith
and Greene. 1991, 48-53). Moreover, the ‘high seas’ remain open-access, and
there are numerous examples of the over-exploitation of these resources
(Cleroux, 1995; Le May, 1995e; Usher, 1995). Of even greater concern are
examples of government policies having exacerbated the over-exploitation of
renewable resources. For example, in examining the use of forest resources,
Repetto (in Chiras, 1992, 119) concluded that:

... tax and trade regimes, land tenure laws, agricultural resettlement programs

and administration of timber concessions with loggers are but a few of the

policies that aggravate deforestation ... [and] these policies ... contribute
significantly to the wasting of forest resources.

Second, where authorities have attempted to manage renewable resources, they
have tended to adopt biological principles, such as maximum sustainable yield,
as opposed to the bioeconomic principle of rent maximisation, as prescribed by
Gordon (1954), as the basis for managing the use of renewable resources.
Clark (1976, 1-3), for example, noted:

The management of renewable resources, where it has been practised at all, has
generally been based on the concept of maximum sustainable yield .... This is
perhaps the simplest possible management objective that accounts for the fact
that a biological resource stock cannot be exploited too heavily without an
ultimate loss of productivity. Few biological [renewable] resource stocks,
historically speaking, have been managed on the [welfare maximising] present-
value criterion.?

Third, where authorities have attempted to manage the use of renewable
resources, they have tended to adopt 'direct’ controls, such as gear and
equipment restrictions, time and place restrictions (including closed seasons and
closed areas), harvesting restrictions, quality controls and licence limitatior.s.
However, the success of this so-called ‘command-and-control’ approach in

achieving optimal exploitation of renewable resources has been limited. Indeed,

2 As recently as the beginning of this decade, Smith and Greene (1991, 49) argued: ‘The efficient
management of a fishery should give the greatest catch year after year (the maximum sustainable
yield) while maintaining an equilibrium stock.” See also Cunningham (1980).
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while there are examples of the successful application of direct controls,? these

cases are heavily outweighed by the number of failures.?

Accordingly, the last fifteen years has witnessed a shift in emphasis within the
literature, as well as among resource managers in a number of countries,
towards the use of ‘indirect or market-based controls (Morey, 1980; Munro,
1982: Wilson, 1982; Cunningham, 1983; Rosenman, 1986; Hannesson, 1987;
Arnason, 1994a & 1994b; Hannesson. 1994; Loayza, 1994, Neher, 1994; Wilen,
1994). The advocates of these indirect or market-based controls argue that the
problems of renewable resource use are typically due to the absence of well-
defined property rights. Thus it is concluded that the problems of renewable
resource management are solved via either the creation of private property
rights; or the ‘bureaucratic simulation’ (through the use of taxes or subsidies) of
the outcome that might be expected from a private property rights system
(Wilson, 1982, 418). However, contrary to these developments in theory, and
the gamut of evidence pointing to the inefficiency and ineffectiveness of direct
controls, where regulation of renewable resources has taken place, authorities
have tended to adhere to a command-and-control approach (Fuggle and Rabie,
1992).

In summary, starting with the work of Gordon (1954), substantial advances have
been made in the theory of renewable resource economics. However, these
developments have generally not spilled over into practice. As a resuit,
examples of over-exploitation and inefficient and ineffective management of
renewable resources abound. This outcome is of considerable concern given
the recent, but emphatic, shift in emphasis that has taken place within resource
economics, that is, the shift toward the optimal use and management of
renewable resources, as opposed to non-renewable resources, as the basis for

achieving sustainable economic growth and development. This argument, which

22 See, for example, Buxton (1993a & 1993b), Tunesi and Diviacco (1993) and Holland (1995).
See, for example, Johnson and Liebecap (1982), Cunningham (1983), Munro and Scott (1985),
DuPont (1991), Bennett and Attwood (1993), Lewis (1993a), Garratt (1993) and John (1994).



forms the basis for the current study, is further developed below, with particular

reference to the South African case.

1.4 EXTRACTIVE RESOURCE USE, SUSTAINABLE GROWTH AND DEVELOPMENT:

APPLYING THE THEORY OF RENEWABLE RESOURCE ECONOMICS IN SOUTH AFRICA

1.4.1 AN OVERVIEW OF THE ARGUMENTS AND EVIDENCE

Extractive resources, especially non-renewable resources, are of significant
importance to the South African economy. Indeed, the modern South African
economy was founded upon the exploitation of non-renewable resources,
especially diamonds, gold and, to a lesser extent, coal (Edgecombe and Guest,
1988: Natrass, 1990). As Natrass (1990, 129) noted:

The mining sector has historically been the mainspring of South African modern

economic development. The foundations of the present day economy were laid

with the exploitation of the mineral discoveries of firstly, diamonds [in the 1860s]

in Kimberley, and then gold [in the 1880s] on the Witwatersrand. Even today,

more than a century later, the mining sector plays a crucial role in the continuing
development of the South African economy.

More specific evidence of the importance of the mining industry to the South
African economy is readily available. To start with, over the first two decades of
this century mining and quarrying accounted for as much as one-quarter of the
gross domestic product (Central Statistical Services, 1986 & 1991), and between
1910 and 1990, mining and quarrying contributed an average 15 percent per
annum to South Africa’s gross domestic product.26 The extraction of non-
renewable resources has also served as an important source of employment,
with the mining industry directly employing more than 10 percent of the South
African labour force between 1950 and 1990 (Central Statistical Services, 1986
& 1991). The sector has also accounted for the bulk of South Africa’s foreign

% |t was not until 1965 that manufacturing exceeded the contribution of the agriculture and mining
sectors to South Africa’s gross domestic product (Lumby, 1990, 1).
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exchange earnings over the course of this century: between 1910 and 1995
exports of metals and minerals, including gold. accounted for between one-half
and three-quarters of the total value of South Africa’s goods exports (Office of
Census and Statistics, 1950 & 1957; Department of Statistics, 1966 & 1972;
Central Statistical Services, 1986 & 1997).27

In addition. the ‘long term and indirect effects’ that is, backward and forward
linkages, of the exploitation of mineral resources have served as the basis for
industrialisation in South Africa (Lumby, 1990, 8).%
Natrass (1990, 162-164) at length:

Here it is worth quoting

Although the exploitation of mineral resources has without doubt been the
foundation upon which modern South Africa has been built, it is the process of
industrialisation which has generated the structure that now rests on those
foundations .... [However] South African manufacturing has always been closely
tied to the fortunes of the mining industry and even today the links between the
two sectors remain strong. In the initial phases of industrialisation, the products
produced were closely allied to the needs of mines and the subsequent
development of manufacturing relied heavily on the economic resources that had
been accumulated by the mining sector .... The foreign exchange earned from
the sale of minerals financed the extensive importation of capital goods and
essential intermediate inputs that were needed by the growing industrial sector.
The new sector also drew on the pool of skilled labour and the financial and
business know-how that had developed as the mining industry expanded. Mining
houses started to diversify their activities and moved into the industrial field, both
directly and indirectly, allowing capital accumulated in the mining enterprises to
be used to expand South African industrial capacity.

In short, the exploitation of non-renewable resources has served as a prime-
mover in facilitating the economic growth and development of the modern South

African economy.

27 1t is worthwhile noting that the export of gold accounted for approximately 45 percent of South
Africa’s goods exports between 1910 and 1995 (Office of Census and Statistics, 1950 & 1957:
2Daepartment of Statistics, 1966 & 1972; Central Statistical Services, 1986 & 1997).

In commenting on the origins of the modern South African economy, Lumby (1990, 8-9)
cautioned that the role played by the mining sector in facilitating industrialisation should not be
overemphasised: ‘In reality, it was only through its long-term and indirect effects that the discovery
and exploration of South Africa’s mineral deposits provided the “original stimulus” to local
manufacture, while the “greatest stimulus” to local industry before the Second World War came
from the combined influence of the First World War, tariff protection after 1925 and, above all, the

unprecedented expansion in gold mining after South Africa's abolition of the gold standard and
devaluation in December 1932

18



However, much in line with the shift in emphasis that has taken place in other
countries toward the use of renewable resources as the basis for sustainable
economic growth and development, concern has been expressed at the degree
of dependence of the South African economy upon non-renewable resources.
The basis for this concern has been well-explained by Kantey (1992, 11):

Economic activity which is based solely on the extraction of non-renewable

resources (such as gold and coal in South Africa) is, by definition, unsustainable

in the long term. Declining leveis of aggregate employment on South African

mines — a result of lower yields and of lower mineral prices — are one symptom of

this unsustainability.
More specific evidence is readily available. For example, the index of physical
volume of mining production declined steadily from a peak of 117.6 index points
in 1970 to 99.3 index points in 1994 (Central Statistical Services, 1986 & 1997).
Somewhat more dramatically, the production of gold (by far South Africa’s most
important non-renewable resource) declined from a peak of 1 002 tons in 1980
(equivalent to three-quarters of world output in that year) to 579 tons in 1994
(equivalent to one-quarter of world output) (Central Statistical Services, 1986 &
1997). Furthermore, while employment levels in mining and quarrying increased
steadily from 306 554 people in 1920 to 763 319 in 1987, this figure has since
fallen sharply to 561 655 people in 1993 (a level last seen in 1958) (Central
Statistical Services, 1986 & 1997). The declining importance of the non-
renewable resource sector as an employer of labour is underlined by the fact that
while mining and quarrying employed 8.08 percent of the economically active
population in 1970 (the peak of the physical volume of mining production index),
this figure had fallen by almost one-third to 5.62 percent by 1991 (Central
Statistical Services, 1986 & 1997). In addition, in the foreign sector, exports of
gold, which have historically accounted for approximately half (but in some years
as much as three-quarters) of South Africa’s exports by value, had fallen to
28.06 percent by 1993 (Central Statistical Services, 1986 & 1997).
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In prief. South Africa’s historical reliance on non-renewable resources, which has
served as the basis for the growth and development of the modern economy, IS
unsustainable. Continuing in this veir, Kantey (1992. 11) has argued:

Moving South Africa onto a sustainable growth path would thus require gradu_al

but definite shifts in patterns of resource utilisation. There must be an active shift

of the economic base towards renewable resources while, at the same time,
making better use of non-renewable resources.

That is to say, moving the South African economy onto a sustainable growth
path requires shifting the economic base away from a reliance upon non-
renewable resources and towards the use of renewable resources. However, in
line with the central principles of renewable resource economics outlined above,
the success of such a strategy hinges critically upon the ability of authorities to
prevent unsustainable use of renewable resources by establishing and securing
optimal (that is, dynamic rent maximising) rates of extraction of renewable
resources via the adoption of effective and efficient management tools. To date,
this has not taken place in the use and management of renewable resources in
South Africa.

As has been the experience in other countries, widespread and severe over-
exploitation of renewable resources — including soils, forests and plants, wildlife,
water and air — has taken place in South Africa.®® For example, Verster et al
(1992, 181) noted: 'soil is one of the most fundamental of the natural resources

Unfortunately there is considerable evidence and general agreement that
South African soils are deteriorating due to poor management practices.” With
regard to pastures, Cowling and Olivier (1992, 221) observed: ‘About 70 percent
of South Africa is set aside as natural grazing. Most of this natural grazing land
is seriously overstocked and as much as 60 percent of the veld is currently in

poor condition.” Indigenous forest stocks have also been over-exploited:

# Evidence of the over-exploitation of renewable resources in South Africa is provided by, inter
alia, Bothma and Glavovic (1992), Cowling and Olivier (1992), Lusher and Ramsden (1992),
O’Keeffe et al (1992), Petrie et al (1992), Rabie and Fuggle (1992), Rabie and Day (1992), Verster
et al (1992) and International Development Research Centre ef al (1994).
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South Africa is poorly endowed with natural forests, and the indigenous forest
area has been further curtailed by over exploitation over the past 100 years ....
South Africa is experiencing limited deforestation because most of the indigenous
forests were cleared out over the past 100 years. (International Development
Research Centre et al. 1994, 103)

In considering freshwater systems, O’Keeffe et al (1992, 293) noted:

Water quality is deteriorating in a number of ways, and will continue to deteriorate
as more pressure is put on the scarce supplies. Rivers are literally running dry as
impoundment and abstraction increase. and as the buffering capacities of
catchments are reduced by urbanisation and devegetation.

However, much in line with experiences in other countries, it is commonly
acknowledged that the highest incidence (and most extreme examples) of over-
exploitation of renewable resources in South Africa have occurred in the
country’s small, but economically important, commercial marine fisheries.* In
this regard, examples of over-exploitation of marine resources include the
collapse of the pilchard, chub mackerel and Cape horse mackerel stocks during
the 1960s and 1970s; the severe over-exploitation of hake stocks - the
backbone of South Africa’s cornmercial marine fisheries — over the course of the
late 1960s and 1970s; and the over-exploitation and, in instances, extinction, of
resources in the inshore fisheries (which include, inter alia, the commercially
valuable abalone and rock lobster resources) and linefisheries throughout this
century (Beckley and Van der Elst, 1993; Stuttaford, 1994 & 1995: Van D.
Boonstra, 1992, 1993, 1994 & 1995).%

The over-exploitation of renewable resources in South Africa can be ascribed to
three main causes. First, it has been widely acknowledged that South Africa’s
renewable resources, including soil, water and vegetation, have been over-
exploited due to an absence of management:
Apartheid policies robbed the people of South Africa of the integrity to exercise
effective control in the use of natural resources. The policies of successive

previous governments ensured that there was a skewed distribution of access to
natural resources that favoured the white minority. Under apartheid, economic

2‘1’ The evidence in this regard is reviewed more fully in Chapter 2 of this study.
There is also evidence to suggest that South Africa’s freshwater fish stocks have been severely

over-exploited (Bothma and Glavovic, 1992; Cardy, 1997), although this is beyond the scope of
the current study.
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development was not guided by concern for sustainability of the natural resource
base. but went full steam ahead without regard for the consequences for either
human health or environmental health (International Development Research

Centre et al. 1994, 8).

In this vein. it has been noted by the South African government in its
Reconstruction and Development Programme that: ‘South Africa’s apartheid
policies, combined with the unregulated activities of local and transnational
corporations, contributed to the degradation of environmental resources,
including soil, water and vegetation.” (African National Congress, 1994, 38; Hart,
1992). That is to say, the prescriptions of Gordon (1954) and others have failed
to spill over into practice.32 In support of this point, a comprehensive survey of
the literature on renewable marine resources produced only one attempt
(Andrew and Butterworth, 1987), and partial at that, to apply the theory of
renewable resource economics in the South African context. Second, where
regulation of resources has taken place, South African authorities have tended o
rely upon biological principles, such as maximum sustainable yield, as the basis
for regulating the use of renewable resources (Bothma and Glavovic, 1992;
Cowling and Olivier, 1992; Field and Glazewski, 1992; O'Keeffe et al, 1992;
Verster et al, 1992). Third, despite developments in theory, and the large body
of evidence regarding the inefficiency and ineffectiveness of direct controls,
authorities have tended to adhere to a command-and-control approach in the
regulation of renewable resources (Fuggle and Rabie, 1992). Not surprisingly,
and in accordance with experience in other countries, direct controls have met
with limited success in South Africa. For example, despite the adoption of a
plethora of direct controls from the 1950s onward, a number of the country’s
commercial marine fisheries have been heavily over-exploited over the last four
decades (Field and Glazewski, 1992). As a result, the South African government
has gone so far as to describe controls governing the use of resources in South
Africa as suffering from ‘discrepancies, anomalies and ineffectiveness’ (African
Naticnal Congress, 1994, 40).33

* Including Scott (1955), Crutchfield (1956), Turvey (1957 & 1964) and Crutchfield and Zeliner
(1963).

? Also see International Development Research Centre et al (1994).
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1.4.2 AIMS AND SCOPE OF THE STUDY

Against the foregoing background, this study has two main aims:

(i) Based on the principles of resource economics developed over the last four
decades, this study seeks to develop and apply a bioeconomic model of optimal
(that is, dynamic rent maximising) resource use in the South African context.

(i) Given the results of the modelling process, and by drawing on the substantial
body of literature and evidence that has emerged in respect to the management
of renewable resources, this study then seeks to provide some guidance as to
the eppropriate form resource management should take if the goal of dynamic
rent maximisation in renewable resource use is to be achieved.

This study is undertaken with reference to South Africa’'s renewable marine
resources and focuses on the country’s economically important hake fishery.
There are three main reasons for focusing on marine resources and, more
specifically, the hake resource. First, South Africa’s renewable marine resources
are of considerable socio-economic importance (discussed in Chapter 2).
Second, in spite of a plethora of controls and regulations, there is considerable
evidence to suggest that South Africa’s renewable marine resources have been
severely over-exploited. Third, while it is important that similar studies be
conducted with regard to other renewable resources, this study is confined to an
examination of South Africa’s hake fishery. This focus is attributable to the fact
that the individual features of resources, and sectors of the industry associated
with these resources, necessitate ‘resource-specific’ investigations. This is in
line with the view presented in South Africa’s draft marine fisheries policy
(African National Congress, 1994a, 4), where it is argued that management of
fisheries resources should take place on a case-by-case basis. For this reason,
the modelling and estimation of optimal resource utilisation strategies and
devising of appropriate management policies for all commercial marine fisheries
is, necessarily, a considerable task and well beyond the scope of the current
study. This study focuses on the hake fishery as it is by far the most

economically important renewable marine resource in South Africa, accounting
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for approximately one-quarter of the commercial catch by mass and one-third by

value.

It should be noted that this study is undertaken within the neo-classical
framework, an approach that is in line with the main thrust of the theory of
renewable resource economics. While it is true that the theory of renewable
resource economics has been developed within alternative frameworks — with a
particular emphasis being placed on the framework offered by institutional (and
organisational) economics — these advances have not been well established.*
Rather, the bulk of the theory of renewable resource economics remains located
within the neo-classical paradigm, as per Gordon (1954) and others.
Nevertheless, the insights offered by these alternative frameworks are not
ignored in this study. This is particularly true of the latter part of this study which
is devoted to providing a set of policy guidelines based on the substantial body of
literature and evidence that has emerged out of a host of investigative and
theoretical frameworks, with reference to the management of renewable

resources.

The remainder of this study is made up of six chapters. Chapter 2 provides an
overview of the socio-economic importance of South Africa’s renewable marine
resources, and examines the evidence relating to the over-exploitation and
mismanagement of these resources. Based on the theory of renewable
resource economics, Chapter 3 is devoted to providing a theoretical perspective
on the issues examined in Chapter 2. This is done through the development of a
dynamic bioeconomic model of optimal renewable resource use. It should be
noted that while the model developed in Chapter 3 is applicable to a wide range
of renewable resources, the nature of modelling demands a sharp focus — that
is, resource-specific studies — and, for the reasons given above, this study

focuses on the hake resource. However, in order to apply the dynamic

* For discussions of alternatives to the neo-classical paradigm see, for example, Panayotou
(1982), Berkes (1989), Tvedten and Hersoug (1992), Clay and McGoodwin.

24



bioeconomic model to the hake resource, it is first necessary to provide some
background to the major biological and economic features of the hake fishery to
inform the modelling process. This task is undertaken in Chapter 4. A detailed
discussion of the modelling procedure and results follows in Chapter 5. This
involves two main tasks: first, the dynamic bioeconomic model is reduced to a
form in which it is easily estimated, and values of the various biological and
economic parameters required in the modelling process are established; and
second, having established estimates of optimal use rates, this study turns to a
consideration of the implications of bioeconomic resource management for the

fishery and, more generally, social welfare.

The dynamic bioeconoric model developed in Chapter 3 and applied in Chapter
5 is based on a number of restrictive assumptions, and Chapter 6 is concerned
with the implications of relaxing these assumptions. More specifically, Chapter 6
is devoted to extending the dynamic bioeconomic model into a variable biological
and economic parameter setting and examining the impact of variable parameter
values on the optimal outcome. Chapter 6 also considers the implications for
economic rent (that is, social welfare) of adopting bioeconomic principles as the
basis for resource management.35 Having established optimal outcomes in the
hake fishery, Chapter 7 turns to consider the issue of resource management. In
particular, this chapter is concerned with two main issues. First, more generally,
the chapter seeks to show that direct controls are ineffective and inefficient in the
management of renewable resources and that optimal resource management
hinges upon the use of market-based or indirect instruments. Second, more
specifically, in arguing the advantages of market-based instruments over direct

controls, the chapter goes on to explore the problems encountered in applying

* As an aside, it should be noted that it is recognised at the outset that while some of the
assumptions adopted in the initial stages of the modelling process are later relaxed, the model
developed in this study is by no means complete: stochastic aspects are neglected, as are the
problems of making decisions based on uncertainty or incomplete information. The modelling
procedure also ignores issues of multi-species interaction and multi-harvesting technologies.
(These issues are explored more fully in Chapter 3.) None the less, it is argued that the model
represents an important first step in the application of the diverse, and often complex, theory of
renewable resource use in a South African context.
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market-based controls to the hake fishery. In so doing, Chapter 7 seeks to
establish a feasible management system for achieving economically efficient,
biologically sustainable and socially equitable use of South Africa’s hake
resource through the adoption of efficient and effective management tools. This
objective is in line with the goals of South Africa’s draft fisheries policy (African
National Congress, 1994a, 4): ‘The underlying principle of stock management
should be optimal sustainable utilisation, that is stocks should be harvested at
levels which optimise the [net] benefits to society without placing them at undue

risk’. Chapter 8 is devoted to concluding remarks.
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CHAPTER 2: THE SOUTH AFRICAN FISHING INDUSTRY

2.1 INTRODUCTION

Oceanographic conditions along the South African coastline provide a
favourable habitat for a wide variety of renewable marine resources, which
constitute the basis for the rich and diverse fishing grounds located along the
west and east coasts. These fishing grounds, in tumn, serve as the backbone
of the country’s fishing industry, which enjoyed particularly rapid growth over
the period 1940-70 due to both supply-side and demand-side forces. Since
the mid-1970s, however, the fishing industry has stagnated. There are at
least two reasons for this. First, the rapid increase in harvest rates that
occurred after 1940, coupled with a regulatory approach that failed to afford
adequate protection for stocks, ensured that by the mid-1970s, the bulk of the
country’s major commercial fish stocks — mainly hake, pilchard and anchovy —
had become over-exploited. Second, although a comprehensive set of
regulations was in place by the end of the 1970s, these controls have
generally failed to reverse significantly the depleted state of fish stocks.
Despite these regulations, other stocks, for example west coast rock lobster,

have become over-exploited since the mid-1970s.

Given the socio-economic importance of the fishing industry, the failure of
regulations to either reverse or prevent over-exploitation raises serious
concern, and points to the urgent need to adopt more appropriate regulatory
controls. Here, however, a further issue is raised, namely the inappropriate
attitude of South Africa’s fisheries managers to fisheries regulation and policy
formulation. More to the point, irrespective of the effectiveness of controls,
South Africa’s fisheries managers have based regulations almost exclusively
on biological principles. A central argument of this study is that biological

principles are an incomplete basis for fisheries management.
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This chapter provides a brief overview of the economic history and socio-
economic importance of the South African fishing industry. The influence of
regulatory controls on South Africa’s fisheries is also explored, and
explanations for the failure of these controls to reverse or prevent over-
exploitation are suggested. The implications of the failure of regulatory
controls to reverse or prevent the depletion of stocks are also examined.
These concerns, in turn, provide the basis for questioning the
appropriateness of formulating fisheries policy primarily, if not exclusively, on

the basis of biological principles.

2.2 A BACKGROUND TO THE SOUTH AFRICAN FISHING INDUSTRY

Oceanographic conditions along the South African coastline provide a
favourable habitat for a wide variety of living marine resources. Along the
west coast, in particular, upwelling of cold, nutrient-rich water together with a
wide continental shelf provides for an environment that supports the

extremely rich fishing grounds of the south-east Atlantic (Shillington, 19886,

22-25).1 Coupled with the influence of a number of supply-side and demand-
side forces, these highly productive fishing grounds served as the basis for
the rapid growth that took place in the South African commercial fisheries
over the period 1940-70.

On the supply side, the relatively large (and unexploited) commercial fish
stocks, located primarily on the west coast, provided an ideal base for growth
in the fishing industry; and growth in output was spurred by improvements in

techniques for finding, harvesting, processing and transporting fish that

! Upwelling is the process by which cold marine water from 100-meter depths rises to the
surface and is driven far from the coast by horizontal movements. These waters are rich in
nitrate and phosphate nutrients, and the areas of upwelling often support massive blooms of
phytoplankton. These blooms start the biolegical food chain with zooplankton feeding on the
phytoplankton, and pelagic filter-feeding fish preying on the zooplankton (Shillington, 1988,
24). Although only 0.1 percent of the earth’s oceans consist of upwelling systems, these

systems contribute approximately 50 percent of the world’s fish catch (World Resources
Institute, 1994, 185).
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occurred from the late 1930s onwards. On the demand side, it was initially
the search for food, brought about by the onset of the Second World War,
that gave the fishing industry the necessary boost. In particular, it was the
inception of the pilchard fishery in the early 1940s, which saw the pelagic
catch increase from just 7 300 tons in 1943 to 195 000 tons in 1958, that

2

gave the industry this primary boost (Stuttaford, 1995, 20). These early
developments in the South African fishing industry are well summarised by
Payne and Crawford (1989, 50):

In the 1940s, World War |l brought a demand for canned fish and provided

an impetus for purse-seine fishing. Nevertheless, the total harvest from

southern Africa’'s seas remained relatively small until 1950.  Then,

technological advances, which allowed fishermen to operate farther from

shore than previously, to plot their courses with greater certainty, to locate

unseen fish accurately, to communicate with each other and with ‘spotter

planes regarding the presence or absence of fish, to handle the fishing gear

more easily, to bring the catch aboard and to offload it in @ minimum of time,

even to process fish at sea, all led to rapid increases in the quantity of fish
caught.

Later, demand was bolstered by the opening up of new domestic (inland) and
export (chiefly the United Kingdom and United States of America) markets.
Concurrently, population growth, coupled with on-going increases in per
capita incomes, served to provide further momentum on the demand side.
Moreover, growing demand spurred some fishers on to seek out new fish
stocks; and these stocks provided an additional boost on the supply side.
The net result of these forces was that total commercial landings increased
from 71 000 tons to 422 480 tons between 1938 and 1958 (Stuttaford, 1995,
20); and although over-fishing resulted in a collapse of the pilchard fishery in
1963 (see Section 2.4.1), a switch to other pelagic stocks (anchovy and, to a
lesser extent, chub mackerel and redeye), coupled with advances in
technology, ensured that the pelagic fishery continued to grow through the

1960s and 1970s (albeit at a considerably slower pace).

By 1978, the pelagic catch stood at just under 400 000 tons (an increase of
20 000 percent over the 1938 level) (Grindley, 1969; Stuttaford, 1995, 20).

Furthermore, the exceptional growth in the pelagic catch was supported by

2 i . .
Pelagic fish are fish species (such as anchovy, pilchard, redeye and mackerel) occurring in
schools near the surface of the sea which are usually caught with purse seine nets.
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more modest (but less erratic) growth in the demersal ﬁshery.3 Between 1938
and 1978, the demersal catch grew from 23 630 tons to 186 990 tons: a
seven-fold increase in catch over the four decades. As shown in Table 2.1,
the net result of these various forces and events was an increase in total
commercial landings from 71 000 tons to 635 900 tons between 1938 and

1978: an almost ten-fold increase in just four decades.

Since the late 1970s, however, growth in the commercial catch has
stagnated, with total catch fluctuating between 500 000 and 700 000 tons per
annum (with the exception of the years 1987 and 1988 when the catch
reached 919 173 tons and 898 561 tons respectively).4 In spite of this
stagnation in the total commercial catch, the earlier substantial increase in the
commercial catch documented above has resulted in South Africa emerging
as an important global player in the supply of fish: the country is formally
defined as '‘one of a group of 22 medium-sized fishing countries' (Van D.
Boonstra, 1993, 1), and accounts for roughly 0.5 percent — and in some
years over 1 percent — of the global catch. Table 2.1 provides a summary of
the growth in South Africa’s commercial catch from 1938 to the present, as

well as the contribution of South Africa's commercial catch to the total world

5
catch over the same period.

3
Demersal fish are fish species (such as hake, kingklip, snoek and sole) occurring in the
Eieeper water layers near the bottom of the sea which are usually caught with trawl nets.

It is worth noting that the rapid growth in South Africa’'s commercial catch through the 1940s,
1950s and 1960s, followed by stagnation in growth rates in the 1970s and 1980s, closely
gnirrors trends in the world catch (World Bank, 1992, 11).

Reference here is exclusively to marine catches, because although South Africa does have a

freshV\_/ater fishing industry, the industry is very small, contributing just 2 300 tons to the total
catch in 1990 (World Resources Institute, 1994, 352).
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Table 2.1: South Afnca’s Commercial Catch and Contribution to

8
World Catch (1938-94)

Year Tons Percentage of World Total
1938 71000 0.35
1948 181 790 0.91
1958 422 480 1.08
1968 549 510 0.90
1978 635 900 0.91
1983 587 823 0.76
1985 595 838 0.69
1986 622 959 0.67
1987 919173 0.98
1988 898 561 0.91
1989 652 636 0.66
1990 545 717 0.56
1991 589 979 0.61
1992 691 936 0.70
1993 596 069 0.59

Source: Adapted from World Bank (1992, 12); Stuttaford (1995).

The commercial catch is dominated by two large fishery sectors: the demersal
(or trawl) fishery and the pelagic (or purse seine) fishery. Collectively, these
fisheries account for roughly 90 percent of the reported annual catch.8 The
trawl fishery is the more stable (evidenced by a coefficient of variation on total

catch that is one-tenth the size of that recorded by the pelagic fishery over the

9
ten-year period 1985-94), and is dominated by hake which typically accounts

° Total world catch includes the marine and freshwater fisheries as well as aquaculture;
marine catches account for about 80 percent of the total world catch (World Resources, 1994,
332;.

’ Accurate figures on the size of the catch prior to 1938 are not available. However, based on
various sources (Gillchrist, 1914; Scott, 1950; Stoops, 1953; Gertenbach, 1973), it is
reasonable to suggest that the total South African catch was of the order of 35 000-45 000
gons in 1928, from where it grew steadily to reach 71 000 tons in 1938.

Between 1975 and 1995 the demersal and pelagic fisheries, collectively, never contributed
less that 88 percent of the total catch and have accounted for as much as 95 percent of the
catch on occasion (Van D. Boonstra, 1993, 1).

? See Table 2.2.
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for around 65 percent of demersal landings; but horse mackerel, chub
mackerel, snoek, monkfish and ribbonfish are important by-catch species
(Van D. Boonstra, 1993, 39). The purse seine fishery is dominated by
anchovy, pilchard and redeye which, over the period 1985-94, accounted for
73.8 percent, 11.7 percent and 11.4 percent of pelagic landings
respectively.’® Other important fisheries include the small but valuable
crustacean fisheries (mussels, oysters, abalone and rock lobster) and the
tuna, squid-jigging and handline fisheries, which collectively contributed an
average 4.9 percent to the total commercial catch over the period 1985-94.
Table 2.2 provides a breakdown of the nominal catch by sector for the ten-
year period 1985-94.

2.3 AN OVERVIEW OF THE ECONOMIC IMPORTANCE OF THE SOUTH AFRICAN
FISHING INDUSTRY

The rapid growth in commercial fishing recorded since the start of the Second
World War has resulted in the South African fishing industry emerging as an
important contributor to economic activity. The industry makes a significant
contribution to gross domestic product, and is a substantial generator of
employment, income and wealth. The industry is also responsible for a large
portion of private sector investment and is a material earner of foreign
exchange. Moreover, the industry has strong spill-over effects, providing
opportunities in related industries such as boat-building and maintenance.
Finally, but most obviously, the catch taken by the fishing industry serves as
an important source of nutrition for humans and animals. These points are

detailed below.

10
However. due to a collapse in biomass, the anchovy catch has recently fallen dramatically,
reaching 41 000 tons in 1996 and set at zero for 1997 (Cape Business News, 1997a).
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Table 2.2: Nominal Catch (Tons) by Sector of the South African Commercial Sea Fisheries (1985-94)

Coefficient

Standard of Variation|

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 Deviation Mean (%)

Trawl: 186040 197043 210193 200515 215725 240506 217863 212046 211885 187748 16 049 207 956 67.72
Hake 139889 146473 145636 138488 133850 134821 135220 134788 141202 144045 4776 139441 3.43
Other 46 151 50 570 64 557 62 027 81875 105685 82 643 77 258 70 683 43 703 19 254 68 515 28.10
Purse seine: 377464 392827 674092 671415 403375 259343 247067 451987 357040 315095 149834 414 971 36.11
Pilchard 32 986 35 553 40 644 37 505 34 564 56 740 51 948 53 407 50717 93 438 17 990 48 750 36.90
Anchovy 272642 299596 593278 565055 294101 150100 150560 347456 235830 155553 159 400 306 417 52.02
Redeye 39 871 56 917 34 471 61 251 44 360 44710 33484 47 440 56 331 54 147 9670 47 298 20.44
Other 31 965 761 5699 7 604 30 350 7 793 11 075 3684 14 162 11 962 10 596 12 506 84.73
Rock lobster: 4210 4 870 5924 4739 4 604 4 544 3 899 3483 3194 3265 845 4273 19.78
West 3728 3796 4 015 3834 4 000 3491 2 996 2 480 2176 2198 744 3273 22.75
South/East 482 1074 1 909 905 604 1053 903 1003 1018 1067 378 1002 37.69
Line/Small net: 18 336 19 728 21 221 16 764 22 979 24 717 17 665 21336 21 857 23 496 2 631 20810 12.64
Other :2 9784 8 491 7 743 5128 5953 15 517 3485 3084 2093 14 321 4 593 7 560 60.76
Total 595834 622959 919173 898561 652636 545717 489979 691936 596069 543925 145292 655679 22.16

Source: Adapted from Van D. Boonstra (1992, 1993, 1994 & 1995); Stuttaford (1995).

The coefficient of variation is calculated as the percentage ratio of the standard dewatlon to the mean.
% Includes, inter alia, prawn, langoustine, abalone, mussels, oysters, guano and seaweeds.
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The wholesale value of commercially exploited marine resources amounts to
approximately 0.5 percent of South Africa's gross domestic product (Figure
2.1 provides a breakdown of the wholesale value for the major sectors of the

1 3 . . . -
.1 Furthermore, fishing is a relatively labour-intensive

commercial sea fishery)
activity. The South African Deep-Sea Trawling Industry Association
(SADSTIA) estimated that, in 1994, the industry provided direct employment
for about 35 000 people in the formal sector, with an estimated 8 000 people
employed in harvesting and 27 000 people employed in processing and
distribution (SADSTIA, 1994, 8). The fishing industry has strong spill-over
effects, and provides substantial indirect employment through related

activities such as boat-building and maintenance. Accurate figures on the

12 _
extent of spill-over effects are not generally available. However, Marais
(1997) estimates that the fishing industry provides indirect employment for
100 000 people which is at least indicative of the magnitude of the fishing

industry’s multiplier effect.

The fishing industry is also responsible for considerable investment: the

licensed fishing fleet consists of approximately 4 000 vessels (Van D.

Boonstra, 1993, 7-8).13 The bulk of these vessels (about 70 percent) fish out
of ports and harbours located along the west coast of South Africa. Of the
remainder, 25 percent of the vessels are located on the south and east Cape
coasts and 5 percent on the KwaZulu-Natal coast. A very small portion of the
fleet (less than 0.3 percent) fishes out of Walvis Bay (Namibia) (Van D.
Boonstra, 1993, 8). The fleet supports an important post-harvest sector that

is involved in value-adding activities such as handling, processing, packaging,

11

It should be noted that the contribution made by the fishing industry to the South African
economy has been heightened since the late 1970s when the industry contributed, on
average, one-quarter of a percent to gross domestic product. This increase in the contribution
to gross domestic product is primarily attributable to the replacement of foreign fishing fleets
with domestic fleets over the course of the 1970s. For instance, foreign trawlers accounted
for over 60 percent of the hake catch (commercially the most important species) in South
African waters in 1972. However, by 1976, the figure had dropped to 45 percent and by 1978
pzad become insignificant (Stuttaford, 1995, 11).

13 Pers. comm. (Bross, SADSTIA).

This i§ substantially less than the 7 816 vessels that were employed when the fleet size
peakeq in 1969. However, increases in fleet capacity have more than compensated for
reductions in the number of vessels. See, for example, Newman et al (1979, 4).
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storing and distributing fish and fish products. Accurate figures are not
available on the value of the investments in fleet and plant, but figures drawn
from the 1975 and 1979 fishery censuses would suggest that the investments
made in the fishing industry account for about 0.25 percent of total fixed
investment in South Africa (Centrai Statistical Services, 1993, 10.5; South

African Reserve Bank, 1980. S96).

Figure 2.1: Wholesale Value by Sector (R'000s) of the South African
Commercial Sea Fisheries (1993)

Crustacea, Line. Small
Molluscs Nets
Lobster R55 333 R148 315

R138 270

Seaweeds
R2 819

Pelagic
R232 134

Demersal
R613 828

Source: Adapted from Stuttaford (1995, 28).

The fishing industry is also an important creator of wealth. For example,
virtually all of the companies which are listed on the Johannesburg Stock
Exchange that are involved in the South African fishing industry (the
exceptions being ICS Holdings Limited, the diversified parent company of Sea
Harvest Limited, and the KwaZulu-Natal based Natal Ocean Trawlers Limited)

have Q-Ratios that are well above the average for the top 132 listed industrial

. 14
companies.

14

Tobin's Q-Ratio measures the ratio of a firm's market value to the value of the firm's debt
and, as such, is a measure of wealth creation. A ratio greater than one indicates creation of
wealth for shareholders; and the higher the ratio the greater the degree of wealth creation.
The mean ratio for the top 132 industrial companies was 1.24 for 1994 (Financial Mail, 1995,
114-120). In contrast, the average ratios for the listed companies involved in the South
African fishing industry over the three years 1992-94 were: Sea Harvest Corporation Limited
(2.68), Irvin and Johnson Limited (1.83), Foodcorp Limited (1.44) and Oceana Fishing Limited
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The fishing industry is also an important earner of foreign exchange,
accounting for just under 1 percent of South Africa’s total export earnings
(equal to R815 million in 1994). More significantly, exports of fish and fish
products consistently exceed imports — in 1994 by a factor of eight — to the
extent that fish and fish products account for just over 5 percent of South
Africa's trade surplus (Monthly Abstract of Trade Statistics, 1994, 248-99)
The most important export products are frozen fish and fish fillets (primarily
hake), rock lobster and molluscs. Collectively, these products account for
about 80 percent of the fishing industry’s exports. The most important import
products are frozen fish (especially horse mackerel) and crustaceans (chiefly
shrimps and prawns), which collectively account for roughly 65 percent of
imports of fish and fish products (Monthly Abstract of Trade Statistics, 1994,
248-99).15 It should be noted that Stuttaford argues that South Africa’s trade
figures for fish exports should be viewed with caution because categories for
some important export products (such as abalone) do not exist.” Stuttaford
suggests that import figures are largely correct, due to the fact that Customs
and Excise derive revenue from imports and so are far more concerned with
the accuracy of these figures. None the less, the broad thrust of the
argument still holds, namely that exports have grown substantially (particularly
over the last five years), with the result that exports now outstrip imports by a

considerable margin. Figure 2.2 summarises the trend in exports and imports

of fish and fish products for the five years 1990-94.17

(1.40). The ratio for ICS Holdings Limited (1.12) is below the three year average for the top
132 industrial companies, and that for Natal Ocean Trawling Limited is not available, but is
presumably substantially less than one as the company was provisionally liquidated at the end
%f 1994 (Jones, 1995).

Figures detailing the fishing industry's expenditure on imports of machinery and equipment
are not availabie.

. Pers. comm. (Stuttaford, Marine Information Close Corporation).

The industry also earns foreign exchange through the provision of maintenance and repair
facilities. For example, it is estimated that Japanese and Taiwanese fishing vessels calling at
South African ports for maintenance and repairs, contribute more than R340 million (1995
prices) in foreign exchange annually (D'Angelo, 1996).
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Figure 2.2: Exports and Imports of Fish and Fish Products
(1990-94)
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Source: Adapted from Monthly Abstract of Trade Statistics (1992, 1993 & 1994).

In addition to commercial fishing, South Africa’s fish stocks also provide the
basis for a large recreational fishing sector. The warm east coast Agulhas
current system supports a wide diversity of species, and this sustains the

substantial recreational fisheries located primarily along the KwaZulu-Natal

and Eastern Cape coasts.18 Considering first the recreational shore fishery,
approximately 750 000 people participate in recreational angling each year
and spend about R750 million (1995 prices) in the process. The catch is
estimated to be about 17 000 tons per annum. Deep-sea recreational anglers
spend approximately R23 million pursuing their sport and the capital
investment in boats and equipment is conservatively estimated at about
R1.4 billion (although a large portion of the investment component is importec

19

equipment) (Row, 1996) Moreover, the recreational fishery provides

18
The warm east coast Agulhas current system is low in nutrients and oxygen and does not

support as much fish life as does the west coast Benguela current system. However, there is
a greater diversity of species in the warm east coat waters (Shillington, 1986, 25) which
Pgrovides the basis for the recreational fisheries which are located along the east coast.

It is accepted that it is extremely difficult to establish the size of recreational fisheries
(Guastella and Nellmapius, 1993); even where relatively good reporting systems exist, as in
the KwaZulu-Natal fishery. Accordingly, estimates of the size of the recreational fishery are
very loose. Rorke (1996), for example, estimates the size of capital investment in deep-sea
recreational angling to be at least three times greater than the figures cited above, and
estimates expenditure by those anglers to be well in excess of R100 million per annum.
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support for South Africa's important — and rapidly expanding — tourism
industry. It is estimated that the coastal zone accounts for about 35 percent
of tourism and, as such, contributes just over 1 percent to gross domestic
product.2® Moreover, the tourism industry is highly labour-intensive, with
coastal tourism directly employing as many as 150 000 people,?! and this
section of the tourism industry earns R2.5 billion in foreign exchange annually
(Business Day. 1995). A large, but unquantified, informal fishing sector also

exists.

In addition to the above, fish are an important source of nutrition for humans
and animals (Smith and Wick, 1983, 25; Frankel, 1988, 162). For example,
per capita consumption of fish (on a global scale) grew steadily from 6.7
kilograms per annum in 1950 to over 13 kilograms per annum by 1990 (Worlc
Bank, 1992, 12). Consumption of fish in South Africa currently stands
somewhere between 5 and 7 kilograms per person per annum (Payne and
Crawford, 1989, 50; Stuttaford, 1995, 104-5), but may rise if per capita
incomes grow and there is an increased awareness of the perceived health
beriefits to the individual of eating more fish. Domestic demand is also likely
to receive a further boost from population growth. Moreover, the industry is
an important supplier of feedstock for poultry and other animals:
approximately 55 percent of the total catch is processed into fish meal
(Stuttaford, 1995, 28). It is expected that international demand for fish will

continue to grow at such a rate that demand will outstrip supply by some

30 million tons by the end of this decade (World Bank, 1991, 4).22 Thus it is
likely that growth in domestic demand, coupled with excess demand in
international markets, will result in an ongoing escalation in the economic

importance of the South African fishing industry.

20
” Pers. comm. (Bester, Econometrix Limited).

Pers. comm. (Kohler, Deloitte and Touche Consulting Group Limited).

The World Bank expects the total catch to remain static at current levels — about 100 million
tons per annum — over the next five years, but expects demand to increase by 30 million tonc
to around 130 million tons per annum over the same period (World Bank, 1991, 4-5).
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The trend toward increased economic importance is likely to be augmented
by growth in value-adding activities: a large portion of the South African catch
is processed as low value-added non-food products (such as fish meal and
fish body oil). For instance, in the pelagic fishery. approximately 90 percent of
the catch (equal to 55 percent of the total commercial catch by mass) is
processed as fish meal and fish body oil. Fish meal and body oil has a
wholesale value approximately twice as great as the landed value of the
catch: the remaining 10 percent of the pelagic catch is processed into canned
fish products, mainly for human consumption, which has a wholesale value
sixteen times as great as the landed value of the fish (Crawford, 1981, 6;
Stuttaford, 1995, 28).

In summary, the South African fishing industry is of substantial socio-
economic importance: the industry contributes to gross domestic product and
is an important employer and investor. Furthermore, the fishing industry
accounts for a significant portion of the country's foreign exchange earnings.
Moreover, the harvesting sector supports a large post-harvest sector which is
involved in value-adding activities such as handling, processing, packaging,
storage and distribution. In addition, the industry has spill-over effects into
other activities such as boat-building and maintenance. The fish stock also
serves as the basis for the commercially important recreational fishery which
is responsible for substantial investment, and provides support for South
Africa's large (and growing) tourism industry. Furthermore, the industry is an
important supplier of nutrition for both humans and animals. Finally, the
socio-economic importance of the South African fishing industry is likely to
increase as the demand for fish and fish products is spurred by domestic and
international growth in population and per capita incomes, as well as shifts in
consumption patterns towards fish and fish products, and shifts in production
patterns towards value-added products. Accordingly, it is vital that South
African fisheries are managed on an appropriate basis. To date, however, it
is questionable whether this has been the case. South African fisheries have
been subject to a number of problems, relating to the management, regulation

and operation of the fisheries, which have threatened — and continue to
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threaten — the future of the fishing industry. These problems are explored in

the following section.

2.4 FISHERIES PROBLEMS AND POLICIES

There are at least three main sets of problems that can be identified in
connection with the management, regulation and operation of South African
fisheries. First, historically, South African fisheries have been subject to
biological over-exploitation, that is to say, stocks have been over-fished to the
extent that the yield (growth) of the biomass is below the biologically
determined maximum sustainable yield.23 Second, and in the face of over-
exploitation, numerous efforts have been made to reduce the rate at which
stocks are harvested. However, in many cases, these efforts have failed to
reverse the effects of over-exploitation, with a large proportion of stocks
remaining in a severely depleted state. A number of factors have contributed
to this failure. Specifically, regulations have promoted higher levels of
concentration of ownership within and between the harvesting and processing
sectors. In turn, higher levels of concentration have provided incentives for
illegal activity, and this has exacerbated problems of over-exploitation. Stock
management has been further undermined by an inadequate policing system
which has been unable to prevent illegal activity, such as poaching. Third,
and of greatest significance, irrespective of the relative success or failure of
regulations, the management of South Africa’s commercial fisheries has been
based primarily upon biological principles. The central theme of this study is
that biological principles are only a partial (and therefore incomplete) basis for
the management of fisheries. These points are discussed in greater detail

below.

23 The concepts of maximum sustainable yield and biological over-exploitation are explored
more fully in Chapter 3.
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2 4.1 OVER-EXPLOITATION AND THE REGULATORY RESPONSE

During the early part of this century, fishing activity in South Africa was largely
unregulated. Before the end of the Second World War, the most common

management approach adopted by the country’s fisheries managers was one

of open access (Kantey, 1992. 33-4).24 This management approach was
based on the traditional concept of fisheries as a resource which all people
had the right to harvest, and relied on the market forces of supply and
demand to regulate the rate of exploitation of fish stocks. However, the
period 1940 to 1975 witnessed a number of developments which ultimately
led to the replacement of the laissez faire approach with an interventionist

approach based on direct controls.

As already noted, the late 1930s saw the onset of a period of rapid growth in
South Africa’s commercial catch, which was fuelled by the inception of the
highly lucrative pilchard fishery, and spurred by steady growth in the trawl
catch. The immediate result was an unprecedented influx of participants into
the fishing industry, with most of the new entrants being attracted to the less
capital-intensive purse seine sector. Gertenbach (1973, 2081), for example,
wrote of teachers and doctors moving into a booming fishing industry by
acquiring boats during the 1940s and early 1950s. This influx of participants
led to a substantial increase in the rate of exploitation of fish stocks,

especially pilchard. In turn, the rapid increase in the rate of exploitation of fish

2 The earliest attempts to protect South Africa’s living marine resources from over-exploitation
date back to the 1700s: Placaaten of 20 October 1709 and 29 September/1 October 1792
served to prohibit seal hunting on Dassen Island and control whaling in Table Bay and False
Bay respectively (Rabie and Fuggle, 1992, 14). The latter part of the nineteenth and early part
of the twentieth century were witness to substantial growth in legislation aimed at natural
resource conservation. The newly established legislature of Natal, following the example of
the Cape legislature, passed game laws at regular intervals — including Cape Acts 7 of 1883,
29 of 1890 and 43 of 1899, and Natal Laws 8 of 1868, 13 of 1880 and 21 of 1884 — aimed at
the conservation of fish stocks (Rabie and Fuggle, 1992, 14). After Union in 1910, the
management of fisheries initially remained the responsibility of individual provinces. However,
the Sea Fisheries Act No. 10 of 1940 brought the regulation of fisheries under the control of
the Union government. Being aimed principally at marketing, the Act had little conservation
emphasis, although the Act did allow for protection of stocks by way of closed seasons, closed
areas and minimum length and mesh size. However, these regulations were initially
implemented to an extremely limited extent (Scott, 1950). See Stander (1995) for a more
comprehensive review of the history of fisheries regulation in South Africa.
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stocks raised concerns within government about over-fishing. In this regard,

Stoops (1953, 246) noted:

The spectacular earnings of the West Coast fisherman have led to the entry
of so many new craft into the ndustry that, as previously mentioned.
consideration is being given to restrictions of numbers in the interests of
conservation.

These fears were further fuelled by the ‘high profile’ collapse of the
commercially important Canadian pilchard fishery after the total catch fell from
791 000 tons in the 1936/37 fishing season to just 3 220 tons in the 1952/53
season (Stoops, 1953, 243). Ultimately, this amalgam of concerns and
evidence led to the introduction of various regulations in the South African
purse seine fishery during the first half of the 1950s. Regulations aimed at
limiting entry (licences for vessels and restrictions on the numbers and

capacity of processing plants), as well as effort and catch (limited fleet hold

capacity, limited quotas, minimum mesh size and closed seasons).25
However, these regulations came too late to prevent the collapse of the
pilchard stock, and between 1958 and 1968 the catch fell by over 50 percent
from 194 620 tons to just 94 000 tons (Stuttaford, 1995, 20). A similar
collapse occurred in the Cape horse mackerel fishery, where the catch fell by
70 percent between 1958 and 1968 (Stuttaford, 1995, 20). However, fears of
over-exploitation in the pelagic fishery were allayed by the almost immediate
replacement of the pilchard and horse mackerel catches with anchovy, redeye
and chub mackerel (see Figure 2.3). Furthermore, in the trawl fishery, the
catch increased steadily between 1958 and 1968 from 103 260 tons to
138 550 tons, and by 1978 had reached 186 990 tons (Stuttaford, 1995, 20).

25
A well-documented history of the early evolution of regulations in the purse seine fishery is

provided in Gertenbach (1973). See also Newman et al (1979) for a concise summary of the
early history of restrictions.
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Figure 2.3: Nominal Catch (Tons) in PelagicFisheries (1958-78)
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Source: Adapted from Stuttaford (1995, 20).

Notwithstanding the increase in certain stocks, two further developments took
place through the 1960s and 1970s which ensured that, by the end of that
period, the bulk of South Africa’'s commercial fisheries had been over-
exploited. First, continued technological advancement — which included the
introduction of the hydraulic winch and echo sounder in the early 1960s, and
the power block, sonar and fish pump later that decade - facilitated higher
rates of exploitation of stocks. Second, foreign fishing fleets became
significant harvesters of South African stocks through the 1960s and early
1970s. During the 1950s, the bulk of the catch in the south-eastern Atlantic
was taken by the fleets of the three southern African nations (South Africa,
Namibia and Angola) (Grindley, 1969, 72). By the early 1970s, however,
foreign fleets had become heavy exploiters of domestic stocks. For example,
during 1970-75, foreign fleets accounted for over 50 percent of the hake

26

catch in South African waters (Stuttaford, 1995, 11) The entrance of

26

It should be noted that South African vessels are also responsible for having over-exploited
stocks in the waters of other countries. For example, until Namibia's independence in 1990,
inshore fishing and processing was dominated by a cartel of South African-owned firms which
left behind a legacy of over-fishing, in particular, of pelagic stocks (Payne, 1989, 140; Payne
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foreign fleets had two main effects: (i) the catch available to South African
fleets was reduced, and this served to undermined the feasibility of the
domestic fishing industry; and (ii) there is also evidence to suggest that
distant water fleets are less concerned with the management of fish stocks
than domestic fleets which, in turn, suggests that the presence of foreign

fleets in South African waters resulted in accelerated rates of exploitation

27
(Payne and Punt, 1995, 17-21).

The combined effect of the above three forces — rapid growth in the rate of
exploitation, which resulted in a collapse of stocks including the pilchard and
mackerel stocks; continued exploitation of other stocks at a higher rate
facilitated by technological improvements; and heightened participation by
foreign fleets in the South African fishing industry — was that by the mid-
1970s, South Africa’s major commercial fish stocks were generally considered
to be in a state of over-exploitation. This was evidenced, in the first instance,

by falling catch per unit effort.

Catch per unit effort is typically considered to be a first guide to the state of
stocks, where catch per unit effort is measured as the total catch divided by
the level of fishing effort required to take the catch. All else constant, it is
assumed that increases in effort produce proportionate increases in catch,
and that a declining catch per unit effort is evidence of stock depletion.28

Based on this reasoning, it can be shown that the bulk of South Africa’s

and Punt, 1995, 18; Economist Intelligence Unit, 1996, 22). South African fishers have also
been identified as responsible for depleting stocks in Mogambican waters (Rostami, 1990;
Seery, 1995). Furthermore, South African fishers have been responsible for over-exploitation
of stocks in international waters. For example, in 1965, the Vema Seamount (a submerged
isolated pinnacle, located 1 000 kilometres north-west of Cape Town) was found to be rich in
rock lobster, but was exploited by vessels of several nations, including South Africa, to such
an extent that by 1978 divers could not find a single lobster (Grindley, 1969, 89; Shillington,
2]7986, 23).

Similar evidence exists for other countries. For example, the highly publicised recent
dispute between the Canadian government and Spanish trawlers over the rights to stocks
located on the Grand Banks fishery provides an excellent case in point (Cleroux,1995; Usher,

1995); and similar evidence is available for fishing by foreign fleets in Chilean waters (Le May,
1995e).
28

Measures of catch per unit effort vary substantially through fisheries. For example, in the
hake trawl fisheries, catch per unit effort is measured in toris per day in the west coast fishery,
but tons per hour in the south coast fishery; and catch per unit effort for longlining is measured
in kilograms per 1 000 hooks.
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commercial fish stocks had been driven into an over-exploited state by the
mid-1970s. As an example of over-exploitation, catch per unit effort figures
for the most important components of the trawl fishery, the west and south
coast hake fisheries, are available from 1955 and 1969 respectively; and the
evidence is unambiguous. In both fisheries, catch per unit effort fell
substantially from early highs. For instance, by the mid-1970s. catch per unit
effort in the west coast hake fishery stood at a quarter of the 1955 level; and a

similar collapse in catch per unit effort was recorded in the south coast hake

fishery between 1969 and 1975 (Punt, 1994, 161-2). To be more specific,
while the total catch in both the west and south coast hake fisheries climbed
over these respective periods — in the west coast fishery, the catch more thar
doubled between 1955 and 1972 from 115 000 tons to 244 000 tons; and in
the south coast fishery, the catch increased from 41 000 tons to 100 000 tons
between 1969 and 1974 — the increase in effort required to take these higher
catches was disproportionately greater than the increase in the catch (Leslie,

19¢4). Figure 2.4 provides a summary of catch per unit effort in the hake

fisheries from 1955 onwards.30

Evidence of over-exploitation of pelagic stocks is also available. For example,
catch per unit effort in the purse seine fishery declined by almost 60 percent
between 1964 and 1972. Furthermore, although catch rates recovered
marginally in the period 1972-76, they remained well below the levels

recorded in the mid-1960s. Figure 2.5 provides a summary of catch per unit

effort in the pelagic fishery for the period 1964-76.31

29 The total catch in both the west and south coast hake fisheries climbed over these
respective periods. In the west coast fishery, the catch more than doubled between 1955 and
1972 from 115 000 tons to 244 000 tons; and in the south coast fishery, the catch increased
from 41 000 tons to 100 000 tons between 1969 and 1974. The implication is that a massive
iBrgcrease in effort was required to boost the total catch in the face of a falling biomass.

Catch per unit effort data are available from 1955 onwards for the west coast fishery, and
from 1969 onwards for the south coast fishery (Punt, 1994, 162). More recently, serious
concern has been expressed regarding the accuracy of catch per unit effort data in the hake
g1sheries (Bergh and Barkai, 1996). This point is explored in greater depth in Chapter 4.

Statistics are available from 1956 onwards, but are only reasonably comprehensive from
1964. For reasons given later, catch per unit effort fell into disuse as a guide to stock levels in

the pelagic fishery after the mid-1970s. Accordingly, accurate catch per unit effort figures are
only available for the years 1956-76.
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Figure 2.4: Catch Per Unit Effort in the West and South Coast Hake
Fisheries (1955-95)
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Figure 2.5: Catch Per Unit Effort in the Purse Seine Fisheries
(1964-76)
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In short, falling catch per unit effort in the trawl and purse seine fisheries

suggests that, by the mid-1970s, both demersal and pelagic stocks could be
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considered to have been in a depleted state due to over-fishing.32 It should
be noted, however, that the validity of catch per unit effort as a guide to the
state of pelagic fisheries is questionable. The reason for this is that where
stocks are relatively evenly spread across a fishing ground, as is generally the
case with demersal stocks, it is reasonable to expect catch to increase
proportionately with effort. In these circumstances, catch per unit effort can
be taken as a good first guide to the state of stocks. However, this is not the
case for species that have a restricted distribution or are encountered
sporadically, such as pelagic species which occur in schools. More to the
point, once a pelagic stock has been located, it requires the same amount of
effort to take the available catch, irrespective of the state of the overall
biomass. Thus, the only major variable in total fishing effort is the level of
effort required to locate stocks; and whilst it is generally true that greater
search times are required to locate depleted stocks, improvements in
technology have substantially reduced the search effort needed to locate, for
example, pelagic stocks.33 In addition, the argument against the use of catch
per unit effort as a guide to the state of pelagic stocks is strengthened by the
fact that, particularly in South Africa’'s pelagic fishery, changes in boat size
and improvements in technology have meant that, ceteris paribus, it has

become increasingly easy to catch and transport fish. These advances in

technology have served to distort measures of catch per unit effort.34
Attempts have been made by, inter alia, Newman et al (1979, 6) and
Crawford (1981) to overcome these distortions by generating catch per unit

effort based on ‘standard’ effort, that is, effort adjusted for technological

: 35 .
improvements.  Such adjustments, however, should be viewed with caution,

as ‘standardisation’ of effort data is typically a complex and inexact task.36

32
This argument is given further support by the fact that no less than four commissions of

inquiry reported on the state of the South African fishing industry between 1972 and 1986
SJRabie and Fuggle, 1992, 21).

“ Pers. comm. (Leslie, Sea Fisheries Research Institute).
' Pers. comm. (Van D. Boonstra, Sea Fisheries Research Institute).

Technology has played a less important role in influencing catch rates in the trawl fishery
ggayne and Punt, 1995, 21).

. Pers_. comm. (Leslie, Sea Fisheries Research Institute). See Squires (1987b) for a
discussion of the numerous difficulties involved in standardising fishing effort.
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In line with these arguments, it is suggested that, in the case of pelagic
stocks. whilst catch per unit effort does provide a first guide to the state of
stocks, a superior measure of the level of exploitation of these stocks is given
by the size of the biomass. Reasonably accurate and comprehensive
biomass data for all major species are available from 1984 onwards (see
Figure 2.7). Earlier data, however, provide anecdotal evidence of a
substantial decline in biomass in the pelagic fishery after 1950. For example,

in the pilchard fishery, biomass fell by 74.8 percent between 1951 and 1965
(see Figure 2.6).

Figure 2.6: Trends in Biomass of South African Pilchard
(1950-65)
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In short, falling catch per unit effort figures in the demersal and pelagic
fisheries, as well as declining biomass in the pelagic fishery, suggested that
between the mid-1950s and the mid-1970s, the bulk of South Africa’s
commercial fish stocks had been driven into a state of over-exploitation. Over
the same period, however, South Africa’s fisheries managers had gradually
shifted away from laissez faire management by introducing a number of direct
controls in an attempt to protect South Africa’s commercial fish stocks from

the effects of over-fishing. This shift away from /aissez faire management

48



toward the use of direct regulation. which was initiated by interventions in the
pelagic fishery, was complete by the end of the 1970s as a dramatic collapse
in the hake fishery, South Africa’s most important commercial fishery (see

Chapter 4), forced South Africa’s fisheries managers to adopted direct

37
controls in the only remaining unregulated commercially important fishery.
Thus, ty the end of the 1970s, all of South Africa’s major commercial fish
stocks were controiled. with regulations for harvesting primarily taking the

form of licences, quotas, closed seasons and minimum mesh sizes. Licences

for processing were also introduced in an effort to restrict fishing activity.38
Regulations introduced by South Africa’s fisheries managers were bolstered
by the declaration of a 200-nautical-mile exclusive economic zone (EEZ) in
November 1977.3% The EEZ denies foreign fleets the right of access to all

stocks located within 200 nautical-miles of the country’s coastline.

The regulations listed above had two primary aims. First, they sought to
ensure that all major fish stocks were harvested at a biologically sustainable
rate and, where relevant, that over-fished stocks were allowed to rebuild.
Second, they aimed to provide protection for the domestic fishing industry by
excluding foreign fishing fleets. The success of these regulations, however,
has been mixed. On the positive side, efforts to reduce fishing by foreign
fleets were met with almost immediate success. For example, in the case of
the hake fishery, the total catch by foreign trawlers in South African waters
stood at over 60 percent of total catch in 1972, but had become insignificant
by the end of the decade (Stuttaford, 1995, 11).

37

Although the inshore fishing grounds of False Bay — the scene of the earliest activities of the
trawling industry ~ had been closed since 1928 (Stoops, 1953, 247); and regulations
prescribing a minimum mesh size on the west coast were put in place as early as 1938 (Scott,
1950, 546).
38

South Africa's response to the problem of stock depletion was not atypical. Most countries
were slow to respond to the problem of over-fishing: the first international control of a fishery
(the Pacific halibut fishery) only took place in the 1930s. and most countries failed to introduce
any form of regutation until the 1950s or 1960s (Cushing, 1977, 38-46).

A comprehensive review of the international law of the sea is provided in Field and
Glazewski (1992).
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The evidence with regard to the rebuilding and protecting of fish stocks is
more mixed. Although reasonably accurate and comprehensive biomass
figures for South Africa’s major pelagic stocks are only available from 1984
onwards (Butterworth et al, 1993: Pelagic Working Group, 1996. 1), the
available evidence suggests that South Africa’s fisheries managers have, at
best. been only partially successful in preventing or reversing the depletion of
pelagic stocks. In the case of anchovy, the 1995 stock level was the lowest
biomass estimate since the start of the time series in 1984 (see Figure 2.7)
(Department of Environmental Affairs and Tourism, 1997, 5). Furthermore,
more recent data (Business Day, 1997a) show that the anchovy biomass has

continued to fall, resulting in calls for a complete ban on the direct catching of

this fish species.40 In contrast, the pilchard biomass has increased steadily
from 32 000 tons in 1984 to 580 000 tons in 1995 — an eighteen-fold increase
in biomass in just over ten years (see Figure 2.7). As further evidence of this
recovery, the Department of Environmental Affairs and Tourism (1997, 5)
recently noted that by-catches of juvenile pilchard have become so abundant

in anchovy catches that the reduction fishery is unable to operate efficiently.

Figure 2.7: Trends in Biomass in the Purse Seine Fisheries
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40 . e . wgn
At. the time of writing, the initial anchovy catch for 1997 had been set equal to zero
(Business News, 1997a).
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In the demersal fishery, catch per unit effort has increased from the low levels
recorded in the 1970s. In the case of hake, catch per unit effort in the west
coast fishery increased from around 4.5 tons per day in the mid-1970s to
about 8 tons per day in 1992; and in the south coast fishery, catch per unit
effort approximately doubled from 0.4 tons per hour to over 0.7 tons per hour
over the same period (see Figure 2.4). However, these figures must be
interpreted with caution. as the recovery of most stocks has generally been
weak, partial and erratic. More specifically, although the trend in catch per
unit effort has been upwards, the recovery has not been continuous, with
catch rates dropping in a number of years. Furthermore, catch per unit effort
still remains well below the highs recorded in the 1950s and 1960s.
Moreover, there are indications that over-exploitation of other demersal stocks
has continued. For example, in the kingklip trawl fishery, catch per unit effort
fell steadily from over 20.0 kilograms per hour in 1983 to 7.5 kilograms per
hour in 1989 (Butterworth et al, 1992, 993). A substantial decline in the catch
per unit effort in the longline demersal fishery for kingklip was also recorded
over a similar period: Japp (1993, 134) shows that catch per unit effort fell by
two-thirds in both the south and west coast kingklip fisheries over the period
1984-90; and in 1991, the kingklip quota was abolished completely as a result
of over-fishing by longliners (Kantey, 1992, 35).

There is also evidence of over-fishing in linefisheries. Penney (1993), for
exarnple, provides evidence of a substantial decline in sixteen major linefish
stocks over the period 1910 to 1990. Furthermore, evidence of over-fishing in

the KwaZulu-Natal offshore linefishery has been provided by Garratt (1993,
14):

After the [Slecond World War the skiboat was introduced into Natal. The
design and capabilities of this boat resulted in the rapid expansion of a sport
and commercial fleet along the coast. The introduction of this craft, together
with the development of the echosounder and more sophisticated navigation
equipment, appear to have had a most profound impact on local stocks.
Historical catch records show that there has been a drop in catch per unit
effort of more than 90 percent since the 1950s and that there have been
dramatic changes in species composition of the catches over the same
period. Both are signs of overexploitation.
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Thus, Pilford and Pampallis (1993, 118) commented that: ‘there have been
maijor changes in the [KwaZulu-Natal commercial] linefishery over the years
with several species showing dramatic declines in catches’.4! Evidence of
severe stock depletion in the Cape commercial and recreational linefisheries
is also available. Taylor (1993) shows that recreational angling along the
Cape coast is (at least partly) responsible for the deterioration of fish stocks,
while Bennett (1993) provides evidence of over-exploitation of stocks in both
the recreational and commercial linefisheries along the Cape coast, where
catch per unit effort for at least one major species is noted to have fallen by
90 percent between 1976 and 1991.

Finally, catch rates and total catch have fallen dramatically in inshore
fisheries. For example, catch and catch per unit effort have fallen steadily
since the inception of the commercially important rock lobster fishery,
indicating that that resource has been over-fished (Kantey, 1992, 35). This is
particularly true of the west coast rock lobster (Jasus lalandii) fishery, which
typically dominates total lobster catches (see Table 2.2). In that fishery, catch
and catch per unit effort have fallen dramatically since the mid-1970s. As

Figure 2.8 reveals, catch in the west coast rock lobster fishery fell by over 50

percent between 1977 and 1990.42 Furthermore, although catch per unit
effort initially increased (albeit intermittently) from 5 140 grams per trap per
day in 1977 to 7 470 grams in 1987, catch per unit effort fell dramatically after
1987, collapsing to just 2 030 grams per trap per day in 1990, a decline of
72.8 percent in three seasons. There is also evidence to suggest that over-
fishing has taken place in the smaller deep-sea south coast rock lobster
(Palinurus gilchristi) fishery over the course of the 1980s and 1990s. For

example, the total allowable catch in the south coast rock lobster fishery fell

41
. See also Gowans (1997a & 1997d).

2

Total catch in the west coast rock lobster fishery peaked at about 12 500 tons in the early
1930s, and remained relatively high until the mid-1960s. Thereafter, the west coast catch
collapsed in two stages: once over the late 1970s, and again over the late 1980s. This trend
has continued into the 1990s, with the total allowable catch in the west coast rock lobster
fishery falling to 1700 tons, one-eighth of its historic peak, in the 1996 fishing season
(Department of Environmental Affairs and Tourism, 1997, 5).
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from 475 tons per annum in the late 1980s to 412 tons in the 1996 fishing
season (Department of Environmental Affairs and Tourism, 1997, 5). Over-
fishing has also occurred in the fucrative abalone fishery. Evidence of this is
provided by the decline in the total allowable catch from a peak of 2 800 tons
in the 1965 fishing season to 560tons in the 1996 season. In fact,
exploitation of the resource has been so severe that there are fears that the
species is on the verge of becoming ‘commercially extinct' (Department of

Environmental Affairs and Tourism, 1997, 6; MacGregor, 1997).

Figure 2.8: Trends in Catch and Catch Per Unit Effort in the West Coast
Rock Laobster Fisheries (1977-90)
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Source: Fielding (1996).

In sum, restrictions across both the commercial and recreational fisheries
have provided for the recovery of some stocks. However, where recoveries
have taken place, they have been weak, partial and erratic. Of substantially

greater concern, however, is the fact that many stocks have become over-

.43 : :
exploited in spite of regulations.  In turn, the ineffectiveness of regulations

threatens the future of South Africa’s commercially important fishing industry.

a o , , . .
This is not out of line with global experiences. Despite a plethora of regulatory

mechanisms, 89.6 percent and 60.3 percent of fish stocks in major fishing areas in the Atlantic
and Pacific oceans respectively are in a state of full exploitation, over-exploitation or depletion
(Loayza, 1992, 6).
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There are at least two main explanations for the failure of regulatory controls
to prevent or reverse over-exploitation. First, regulations have resulted in high
degrees of concentration in the harvesting and processing sectors which, in
turn, has promoted illegal activity, such as poaching. The problem has been
compounded by inadequate policing, with the result that many stocks have
gone under- or unprotected. Second, and of greater concern, is the fact that
South Africa’s fisheries managers have relied virtually exclusively on scientific
criteria as the basis for fisheries management and regulation, and have
largely ignored the clear shift in thinking (and increasingly in practice) that has
taken place in most other countries away from exclusively biological
management of fisheries. These two points are discussed in Sections 2.4.2
and 2.4.3 below.

2.4.2 REGULATORY FAILURES: CONCENTRATION, POACHING AND POLICING

High levels of concentration of ownership in the processing and harvesting
sectors have promoted poaching and other illegal activity, such as bribing of
officials and intimidation, by fishers, of officials and other fishers, which has
eroded the effectiveness of regulations (Dudley and Cliff, 1993; Garratt, 1993;
Kyle, 1993; Geldenhuys, 1994; Le May, 1994a & 1994c; Streak, 1994; Yeld,
1994, Leisegang, 1995, Ensor, 1996, Gowans, 1996; Marais, 1996:
Schronen, 1996; Shepherd-Smith, 1996). The situation has been
compounded by inadequate policing of fisheries and inadequate (or absent)
protection for some species. Two factors are chiefly responsible for the high
levels of concentration of ownership that have emerged in the fishing industry.
First, in the period before 1940, most fishing boats were owned by private
fishers and factories were small privately owned companies which were
virtually family businesses (Stoops, 1953, 245: Gertenbach, 1973, 2082)
However, lack of control over the ability of processors to obtain catch
encouraged factories to acquire ownership of vessels and their licences,
which led to increasingly higher levels of vertical integration in the fishing
sector (Gertenbach, 1973, 2080; Frankel, 1988). Moreover, many of the
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smaller concerns. whose management, administration and financial status
proved inadequate in the face of rapid expansion in the fishing industry, were
absorbed by larger units; and mergers and acquisitions among various
companies and therr subsidiaries meant that by as early as the 1950s, the
ownership of fishing and processing licences became lodged in the hands of
a few large companies (Stoops. 1953, 245). Second, concentration of
ownership was accentuated by apartheid structures which reserved the right
of access to resources for a small minority, such that on many occasions, and
essentially on the basis of colour, traditional fishing communities were either
forced out of fishing altogether, or into the employ of (white-owned) fishing
companies (Kantey, 1992, 36; Food and Allied Workers Union, 1997).

The result of these two forces is that large white-owned companies have
come to account for the bulk of South Africa’s commercial catch and virtually
all post-harvest activities. To elaborate: in the 1994 fishing season, 93
percent of the total allowable catch was allocated to large companies or their
subsidiaries, comprising Irvin and Johnson Limited (controlled by Anglovaal
Industries Limited), Sea Harvest Corporation Limited (CG Smith Limited),
Atlantic Fishing Limited (Premier Group Lirnited), Marine Products Limited
(Foodcorp Limited), Oceana Fishing Group Limited (CG Smith Limited via
Tiger Oats Limited), Lusitania Sea Products Limited, Viking Fishing Limitea
and Suiderland Limited. The remaining 7 percent of the 1994 total aliowable
catch was allocated to small-scale fishers. Furthermore, only 0.7 percent of
the total allowable catch was allocated to black fishers, although these
fishers, as a group, owned 7 percent of the registered fishing boats and were
issued with 6 percent of the 4 000 commercial fishing licences (Le May,
19953a). Similar, but more recent, evidence of the concentration of quotas in
key South African commercial fisheries is provided in Table 2.3.
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Table 2.3: Quota Distribution in Key South African Commercial Fisheries (1996)

Total Number Catch Catch Catch

allowable of quota held by held by held by

catch holders largest largest largest

(tons) three ten twenty

(%) (%) (%)

Hake 148 300 49 72 82 87
West Coast Rock Lobster 1500 104 23 51 75
South Coast Rock Lobster 427 6 82 100 -
Abalone 615 16 75 95 100
Pilchard 105 000 59 30 55 63
Anchovy 70 000 18 36 79 100
Sole 872 11 71 100 -

Source: Department of Environmental Affairs and Tourism (1997, 14).

It is worth noting, however, that, more recently, a number of the larger
commercial operations — including Oceana Fishing Limited, Premier Group
Limited, Sea Harvest Corporation Limited and Irvin and Johnson Limited -
have made atternpts to break with the historic domination of the fishing
industry by white-owned and controlled companies. Oceana Fishing Limited
has attracted the black-controlled Real Africa Investments Limited as a major
shareholder, whilst Premier Group Limited has set up an employee share
scheme through which employees have acquired a 20 percent stake in the
company. Oceana Fishing Limited also plans to introduce an equity
participation scheme for all employees and stakeholders (including fishers
who work for the group for only a few months of each year) (Hirshon, 1995).
Sea Harvest Corporation Limited has set up a R45 million share-purchase
scheme that will result in 7.5-8.0 percent of the company being employee-
owned (Sharpe, 1996);44 and Irvin and Johnson Limited has implemented a

share incentive scheme which is likely to result in about 9 percent of its share

44 . .
Sl{'n!lar moves have been undertaken by the major commercial companies operating in
Namibian fisheries (Namibian Sea Products Limited, 1995).
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capital. worth R95 million at current market value, being held by employees

45
by 2006 (Zaina, 1996).

Notwithstanding the efforts of some of the larger commercial operations to
dilute ownership. control over resources effectively remains concentrated in
the hands of large, white-owned companies. In this regard, Walker (1995b, 2)
noted: ‘[the Quota Board] appears incapable of equitably dividing this
country's fish resources’. Furthermore, the Quota Board's recent efforts to
improve equity via the allocation of ‘paper quotas’ to, for example, fishing
communities which have historically been denied access to fisheries, have
been surrounded by allegations of political patronage and shrouded by

controversy (Business Day, 1996; Cohen, 1996). As Hogg (1996) put it:
The crux of the problem is the issuing of so-called ‘paper quotas’ to people
whose only connection to the fishing industry is a knowledge of how it can
make money for them. Holders of these pieces of paper (which are turned
into money by selling them to the highest bidder) range from some fairly high
profile businessmen to community clergymen, headmasters and even a well
known professional soccer team. To put the matter more frankly, the Quota
Board has placed political patronage above the desperate plight of fishing

communities whose members are prepared to get salt water on their hands to
earn an income.

In short, limited access has become an euphemism for privileged access, and
this has given rise to high levels of concentration in the South African fishing
industry. In turn, it is argued below that concentration of ownership and
control in the industry has eroded the effectiveness of regulations on two
fronts: (i) by providing fishers with the incentive to poach, and (ii) through
over-capitalisation, encouraging further illegal activity, such as bribing of

officials and intimidation, by fishers, of officials and other fishers.

With regard to the first of these, concentration of ownership, which has
translated into lack of access, has encouraged poaching by coastal
communities and small-scale commercial operations. The available evidence
suggests that poaching is widespread, particularly in inshore fisheries (such
as abalone and rock lobster) where barriers to entry are low (Garratt, 1993:
Geldenhuys, 1994; Kyle, 1993; Le May, 1994a & 1994c; Yeld, 1994 Ensor,

45
The figure of R95 million is based on a market capitalisation of R1 050 million (June 1997).
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1996:; Marais. 1996; Schronen, 1996; Shepherd-Smith, 1996). In turn,
poaching has loosened the control of fisheries managers over resources,
which has inevitably resulted in over-exploitation of those resources. For
example, National Ocean Watch estimated that at least 1 000 tons of abalone
was poached between Cape Hangklip and Coffee Bay — a 1 200-kilometre
stretch of the South African coastline — in the 1994 season. This is almost
double the total commercial quota of 605 tons (Le May, 1994a). Even more
dramatic is a claim by the Hermanus Gemeenskaptrust — a group of small-
scale fishers located on the south coast - that it had poached more rock
lobster during the 1995 fishing season than the quota allowed for the entire
industry (Walker, 1996, 2). Although the validity of the claim is questionable
(the fishers’ legal catch is very small, amounting to about 1 percent of the
south coast rock lobster fishery), the nature of the claim is, none the less,
indicative of substantial poaching, which is further evidenced by the almost

complete collapse of the resource in some areas (Goosen, 1996).

The problems associated with poaching have been compounded by lack of
policing. ~ Specifically, severe financial constraints have precipitated a
situation where there is insufficient policing and enforcement of regulations
(Walker, 1995a; Marais, 1996; Business Day, 1997b). The Report of the
Committee of Inquiry into a National Maritime Policy (Floor, 1993, 50-4)
provided a very broad overview of the extremely limited capacity of the
country’s policing facilities. More specific detail is available elsewhere: for
example, one source (Econometrix, 1997) noted:

Whereas internationally the ratio of defence spending on capital equipment to

personnel is around 55:45, in South Africa it is approaching 20:80. Thus, for

example, the country’s navy is operating with almost obsolete ships in a

feeble attempt to protect the country’s waters against foreign fishing trawlers
which are depleting our sea’s fishing stocks.

On the same subject, Coetzee (1993, 178) noted that there are nineteen
officers responsible for monitoring the KwaZulu-Natal coastline and, on
average (although not in practice), each officer is responsible for monitoring
twenty kilometres of coastline, nine commercial ski-boats, 203 light-tackle

boats, 2 339 bait licence holders, 7 782 rock and surf anglers and checking
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141 tons of fish caught annually.#¢ The net effect of such extreme limitations
on policing capacity is that authorities have been unable to prevent the
spread of illegal activity throughout the industry; and the problem s
exacerbated by the fact that illegal activity has often taken place with the
knowledge of the authorities (Walker, 1995b, 2-3). In addition to poaching by
domestic fishers. there is evidence of other unlawful activities, including the
use of illegal equipment, such as gillnets (Leisegang, 1995; Gowans, 1996);
the existence of large-scale operations involved in the export of poached
products (Streak, 1994); and poaching by foreign vessels in South African
waters (Kantey, 1992, 35; Rice, 1997). All these activities have served to

undermine regulations.

The second explanation for the erosion of the effectiveness of regulations lies
in over-capitalisation. Over-capitalisation refers to the situation where the
catching capacity of fishing fleets exceeds the available catch. The problem
of over-capitalisation often arises where regulations aimed at reducing
catches — but not fishing capacity — are introduced.4” The effects of over-
capitalisation are obvious: excessive pressure on resources results in over-
harvesting which, in turn, leads to ever-diminishing returns to fishing effort
and capital. Consequently, the system degenerates into a self-perpetuating
downward spiral toward severe over-exploitation and, in the extreme,
extinction of fish stocks. Although this caricature is perhaps overly dramatic,

the conclusion holds: excess capacity encourages over-harvesting.

There is evidence of over-capitalisation in some South African fisheries. For
example, in commenting on the pelagic fishery, Gertenbach (1973, 2077)
noted: 'the results of the limitation of entry into the fishing phase and
processing phases inciude several significant trends, among which are ...

larger-size boats with more powerful engines and equipment'. More concrete

46
o See also Goosen (1996) and Rice (1997).

This argument is returned to in Chapter 7 where it is explored in detail. An extreme
example of over-capitalisation is the case of the herring-roe fishery in British Columbia,
Canada, where the fishing period is limited to fifteen minutes, and is started by a radio signal
(Kantey, 1992, 34). Fraser and Jones (1989, 274) aiso provide a review of the nature of the
over-capitalisation problem in international fisheries.
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evidence shows that capacity in the pelagic fishery increased steadily
between 1950 and 1976, whilst total catch (which initially grew rapidly but
then stagnated in the 1960s) fluctuated around 400 000 tons (see Figure 2.9).
In addition. it has been argued by Kantey (1992, 35) that over-capitalisation in
the lobster. anchovy and squid fisheries, has led to pressure being placed on
the minister responsible to award larger quotas than are recommended by

fisheries scientists.

Figure 2.9: Fleet Capacity and Total Catch in the South African
Purse Seine Fishery (1964-76)
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The regulatory controls adopted by fisheries managers have been further
weakened by intimidation and abuse by fishers of officials, as well as of
newcomers who pose a threat to existing quota allocations (Geldenhuys,
1994; Le May, 1994c, 1995¢c & 1995d; Yeld, 1994, Pearce, 1995). It has also
been suggested that efforts to regulate some fisheries have been undermined
by collusion between officials and poachers (Le May, 1994b). Moreover,
there is evidence of corruption (Streak, 1994), including the allocation of
quotas to family and business associates of quota board members; and the
sale, by officials, of forged fishing licences (Marais, 1996). Finally, the

regulatory regime has been shown to have gaps in that some fisheries have
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remained partially and. in some instances completely, unprotected (Dudley

and CIiff, 1993; Streak, 1994; Walsh. 1996).

2.5 IMPLICATIONS

The arguments outlined above lead to a number of important conclusions.
First, although regulations have managed to reverse over-exploitation of
some stocks (most notably in the pilchard and hake fisheries), generally,
these efforts have been partial, weak and erratic. There are a number of
explanations for this. In many instances regulations have failed as a result of
the consequences of the regulations themselves. Problems that can be
identified here include: concentration of ownership, which has promoted
illegal activity, such as poaching; and over-capitalisation, which has provided
an incentive for corruption (for example, the bribing of officials to secure
higher quotas or to ignore illegal activity). Moreover, the situation has been
compounded by lack of policing capacity which has often meant that
regulations have gone unenforced; examples include poaching by domestic
and foreign fishers and the use of illegal equipment. This amalgam of factors
has undermined the potential and threatens the future of the fishing industry.
In this regard, the World Resources Institute (1994, 184) noted:
[Ulnless nations take decisive, timely action to control fish exploitation, the
population of many species will drop below levels necessary to assure
maximum yields. This development could seriously disrupt ecosystems, put
(hundreds of] thousands of fishers out of work, and prove disastrous to the

estimated one billion people, most of whom live in developing countries, who
depend on fish as their sole source of protein.

In short, it is vital that control mechanisms are introduced timeously, and that
they are effective. Generally, this has not been the case in the management
of South Africa’s fisheries. Accordingly, given the socio-economic Importance
of the fishing industry, it is vital that a more appropriate set of controls is

introduced as a matter of urgency.4® Here, however, another major concern

48
It should be noted that, at the time of writing, a new fisheries policy is being formulated. The
Department of Environmental Affairs and Tourism's (1997) White Paper, A Marine Fisheries
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regarding fisheries management emerges. The management of the country's
fish stocks has been based primarily on biological principles which, it will be
argued, are a necessary, but insufficient, basis for the management of
fisheries (and, indeed, renewable resources in general). The argument is

explored in detail in Chapter 3.

Policy for South Africa, and the subsequent Marine Living Resources Bill (Republic of South
Africa, 1997) propose a number of significant changes to the structure, management and
regulation of South Africa’s marine fisheries. The Department proposes to have the new

fisheries policy in place from January 1998. The proposed policy changes are given greater
attention in Chapter 7.
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CHAPTER 3: BIOECONOMIC MANAGEMENT OF FISHERIES'

3.1 INTRODUCTION

As argued in Chapter 2, the rapid growth in South Africa’s commercial fishing
industry resulted in a large portion of the country’'s most important commercial
fish stocks being driven into a state of biological over-exploitation — evidenced
by, inter alia, diminishing stock levels and falling catch per unit effort —
between the late 1930s and the end of the 1970s. The regulatory controls
that were introduced by fisheries managers in response to over-exploitation
were often inadequate or inappropriate and, in many instances, exacerbated
the problem of over-exploitation. This situation has been complicated by the
fact that fish stocks have generally been managed and regulated on the basis
of biological principles, despite the existence of a well-established body of
theory, and substantial empirical evidence, which shows that biological

principles are an insufficient basis for fisheries management.

This chapter explores this evidence in detail, and arrives at two main
conclusions. First, unregulated (or, more correctly, open-access) fisheries are
likely to be driven into a state of over-exploitation. This result provides the
basis for managing fisheries by, for example, restricting access, limiting
fishing effort or creating private property rights. Second, and more important,
management based on biological principles is sub-optimal: it fails to maximise
social welfare. Accordingly, biological management alone is rejected as a
basis for fisheries management, and an appropriate alternative -

bioeconomic (or biological and economic) management — is provided.

Section 3.2 provides a background to the argument for employing

bioeconomic principles as the basis for fisheries management: and Section

' This chapter draws heavily on Clark (1976 & 1985), Munro (1982), Munro and Scott (1985)
and Randall (1987). For a comprehensive review of the literature of fisheries economics, see
Munro and Scott (1985).
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3.3 offers concrete support for these arguments by developing a dynamic
bioeconomic fisheries model. The implications for the management of fish
stocks — regulation based on bioeconomic and not exclusively biological
principles — are also spelt out. Section 3.4 goes on to suggest that the model
presented here is easily adapted to take into account different biological and
economic characteristics of fisheries. The implication is that the model is
well-suited to represent a wide range of fisheries, including the most
important components of the South African commercial fisheries, and this
makes the model extremely attractive from a management point of view.
However, the model does suffer from a number of limitations; these

limitations are discussed in Section 3.4.

3.2 A BACKGROUND TO BioECONOMIC MANAGEMENT

Concern amongst economists with fisheries dates back to Marshall (1890)
who addressed the problems of diminishing returns to inputs in ﬁshing;2 and
the work of some biologists over the early part of this century — for example,
Baranov (1925) and Thompson and Bell (1934) — spilled over into economics.
However, it was only in the early 1950s that the first article to direct its
attention explicitly to the theory of fisheries pol