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I. Introduction 

This paper is concerned with allocation issues pertaining to fishery resources that are shared 

internationally.  My instructions are to approach the topic from the perspective of an economist.  

While I shall comment on the legal framework provided by the 1982 UN Convention on the Law 

of the Sea (UN, 1982) and the 1995 UN Fish Stocks Agreement (UN, 1995)1, I shall, in keeping 

with my instructions, rely upon my colleague, Professor Jon Van Dyke, who will precede me in 

the panel, to review in detail the legal framework surrounding the topic. 

 In taking the economist’s perspective, a key question that I shall attempt to address in 

this paper, is whether there exist approaches to allocations between and among the 

States/entities sharing the fishery resources that will ensure the long run sustainability of the 

fisheries, which the resources support.  The answer would seem to be self-evident.  If it is 

possible to identify allocation schemes that are perceived as being fair and equitable, by all 

those sharing the resources, then all should be well. 

While not denying the importance of allocations that are seen to be fair and equitable, it 

will be argued that the existence of equitable allocation schemes constitutes a necessary, but 

not sufficient, condition for the long term sustainability of internationally shared fishery 

resources.  This is particularly true in the case of internationally shared fishery resources that 

are to be found in all, or in part, in the high seas. 

In attempting to address this, and related questions, I shall draw heavily upon the results 

of and papers presented at, the Expert Consultation on the Management of Shared Fish Stocks, 

mounted jointly by the government of Norway and the FAO in Bergen, in October 2002.2  This 

Expert Consultation, which we shall refer to hereafter as the Bergen Expert Consultation, 

established several working groups, one of which dealt explicitly with the resolution of allocation 

issues (FAO, 2002). I should also note, in passing, that two states, which were very active in the 

Bergen Expert Consultation, were Australia and New Zealand.   
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 I had the privilege of being involved in the Bergen Expert Consultation, both during the 

preparation phase as a consultant for the FAO, and during the Expert Consultation itself, as a 

participant.  Following the Bergen Expert Consultation, I co-authored a FAO Fisheries Technical 

Paper (465) on the conservation and management of shared fishery resources, with two 

colleagues from the FAO, Ms. Annick Van Houtte, from the FAO Legal Office, and Mr. Rolf 

Willmann, from the Fishery Policy and Planning Division, FAO Department of Fisheries (Munro, 

Van Houtte and Willmann, 2004).  Needless to say, I shall draw heavily upon the Munro, Van 

Houtte and Willmann paper, as well. 

In my attempt to address the aforementioned questions, I shall, of course, point to 

several real world examples, but I shall, by and in the large, touch only lightly upon cases 

directly involving Australia and New Zealand.  My colleague, Professor Rosemary Rayfuse, who 

will follow me in the panel, will wish to discuss such cases in detail. 

 

II. Classes of Internationally Shared Fishery Resources and Levels of Cooperative 

Resource Management 

According to FAO estimates, internationally shared fishery resources account for as much as 

one third of world marine capture fishery harvests (Munro, Van Houtte and Willmann, 2004).  It 

is thus, for good reason, that the FAO has declared that the effective management of these 

resources stands as one of the great challenges on the way towards achieving long-term 

sustainable fisheries (FAO,2002). 

 The FAO categorizes internationally shared fishery resources as follows: 

1. Transboundary fish stocks – fishery resources that cross the EEZ boundary of one coastal 

State into the EEZ(s) of one, or more, neighbouring coastal States. 

2. Highly migratory fish stocks – highly migratory species, as set forth in Annex 1 of the 1982 

UN Convention (UN, 1982), consisting primarily of the major tuna species.  In light of their 

highly migratory nature, they are to be found both within the coastal State EEZ and the 
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adjacent high seas.  In the adjacent high seas the stocks are subject to exploitation by 

distant water fishing States (DWFSs). 

3. Straddling fish stocks – all other fish stocks (with the exception of anadromous/catadromous 

stocks) that are to be found both within the coastal State EEZ and in the adjacent high seas, 

where they are subject to exploitation by DWFSs. 

4. Discrete high seas fish stocks – fish stocks to be found wholly within the high seas (Munro, 

Van Houtte and Willmann, 2004). 

From an economic standpoint, there is no meaningful distinction between categories 2 and 3 

(Munro, et al., 2004).  Hence, we shall merge 2 and 3 into one category, straddling stocks, 

broadly defined.  Consequently, we are left with: A: Transboundary stocks; B: Straddling stocks 

(broadly defined); C: Discrete High Seas stocks. 

Two passing comments are in order.  The first is that Categories A and B are far from being 

mutually exclusive.  There are numerous fish stocks that fall into both categories, the tuna 

stocks of the Western and Central Pacific being a prominent example.  The second comment is 

that Categories A, B and C are in ascending order, in terms of difficulties to be encountered in 

achieving effective, sustainable management of the resources. 

With respect to management, we shall conclude that, with a few exceptions, all shared fish 

stocks, regardless of the category into which they may fall, require that States/entities act 

cooperatively, if the fisheries, which they support, are to be sustainable through time.  The 

Bergen Expert Consultation was reminded that the late John Gulland had, some 20 years 

earlier, pointed out that there are two levels of such cooperation, the primary level, consisting of 

scientific cooperation alone, without reference to coordinated management programs, and the 

secondary level – “active management” – which, almost by definition, requires the establishment 

of coordinated joint management programs (Munro, et al., 2004).  The Bergen Expert 

Consultation concluded that, while the primary level is useful as a precursor to the secondary 
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level, it is seldom sufficient in of and by itself.  Cooperation must, with few exceptions, move 

forward to the secondary level (FAO, 2002). 

John Gulland went on to say that the secondary level of cooperation – “active management” 

– if it is to succeed, requires that the cooperating States/entities deal effectively with the 

following: 

(b) allocation of harvest shares among the participating states (or entities); 

(c) determination of an optimal management strategy through time, including inter 

alia, the determination of optimal global harvests over time; 

(d) implementation and enforcement of coordinated management agreements 

(cited in Munro, et al., 2004). 

 The implications of the Gulland requirements are straightforward.  The allocation issue is 

indeed a key issue that must be addressed, if cooperative resource management is to succeed.  

The issue cannot be addressed in isolation, however.  Simultaneously, one must address the 

issues of determining the optimal resource management strategies through time, and of 

implementing and enforcing the coordinated resource management agreements. 

 

III Transboundary Fish Stocks 

We commence with the case of Category A fish stocks – transboundary stocks, those crossing 

the EEZ boundary into the EEZ(s) of one, or more, neighbouring coastal States.  We do so for 

two interrelated reasons. First, the problems to be faced in achieving effective  resource 

management are less formidable than they are in case of Categories B and C stocks.  

Secondly, transboundary fish stocks were recognized as a major resource management issue 

well before the other two categories were so recognized.  As a consequence, the management 

of transboundary fish stocks has been extensively studied by economists, legal experts, as well 

as other. With respect to the economic aspects of management, the economics of the 
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management of transboundary stocks has come to serve as the foundation for the economics of 

the management of straddling and discrete high seas fish stocks.  

The first question to be raised is: what, in fact, is to be allocated between, or among, the 

coastal States sharing the resource?  Is it the agreed upon TAC (or its equivalent) that is to be 

allocated among the separate coastal States fleets, or is it the net economic benefits that arise 

from the total harvests (resource rent, to use some economic jargon) that is to be allocated. 

 The two are not necessarily the same.  At a later point in the discussion, reference will 

be made to a particularly successful cooperative fisheries management arrangement, involving 

four States, in which the national fleets of two out of the four were allocated annual harvest 

shares of zero.  We shall maintain that, if the sharing of the net economic benefits from the 

relevant fishery(ies) is to be done only through the sharing of harvests among national fleets, 

bargaining among the coastal States will be constrained, with consequences that could be 

severe. 

 Next, let me comment on the underlying legal framework surrounding the management 

of these resources, to be found in 1982 UN Convention.   While  I defer to my colleagues on the 

panel for a detailed analysis of the framework, I allow myself the following remarks.  The 1982 

UN Convention contains but one article pertaining to the management of these stocks, namely 

Article 63(1).  The article imposes a duty on relevant coastal States to negotiate over 

arrangements for the management of these resources.  What the article does not do is to 

impose a duty on the coastal States to reach an agreement.  If the States negotiate in good 

faith, but are unable to reach an agreement, then each State is to manage its share of the 

resource (i.e. that part occurring within its EEZ), in accordance with the relevant rights and 

duties laid down by the 1982 UN Convention (Van Houtte, 2003).  We can refer to this as the 

default option. 

 With the default option in mind, economists find that they have before them two issues, 

which they must attempt to anlayse:  
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1. the consequences, if any, of the relevant coastal States adopting the default option, 

and not cooperating in the management of the resource, at least not beyond the 

primary level of coordinating scientific research; 

2. the conditions that must prevail, if a cooperative management regime (at the 

secondary level) is to be stable over the long run. 

If, in investigating the first issue, it is found that non-cooperative management does not 

carry with it significant negative consequences, then, of course, the second issue ceases to be 

of interest, and can be safely ignored.  It will also mean, needless to say, that we shall have no 

allocation issues worthy of the name.  Examples of shared fish stocks can be found, in which we 

shall reach just such a conclusion, with respect to the first issue. 

If it is discovered that non-cooperation does, in fact, yield results much inferior to 

cooperation, then the second issue must be addressed head-on.  The investigation of the 

second issue – the conditions that must be met, if cooperative resource management regimes 

are to be stable through time – will have to take place in the knowledge that any cooperative 

resource management arrangement must be, as Scott Barrett emphasizes in his recent book 

Environment and Statecraft, self-enforcing (Barrett, 2003). 

By the term self-enforcing, Barrett means that no participant in an arrangement, or 

agreement, can turn to a third party to enforce the arrangement/agreement.  Those entering into 

a domestic contract, he points out, can turn to the courts, local or national, to enforce the 

contract, should a dispute arise.  The ICJ notwithstanding, States entering into an international 

treaty arrangement, or some other form of contractual international agreement, have no such 

recourse.  Hence, the arrangement/ agreement must be self-enforcing, and so it is with 

cooperative fisheries management arrangements (Barrett, 2003).3

Consider now the simplest case of a transboundary resource, one that is shared by two 

neighbouring coastal States.  Take as an example the one provided by a rich scallop resource 

off the Atlantic coast of North America, shared by the United States and Canada.  With the 
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advent of Extended Fisheries Jurisdiction, and the resolution of the Atlantic coastal zone 

boundary delimitation dispute between the two coastal States, it was found,  for various 

biological, seabed terrain and technological reasons, that the harvesting of scallops in the 

Canadian zone had no significant impact upon American harvesting opportunities, and vice-

versa.  The default option provided by the 1982 UN Convention, while perhaps not perfect, was 

deemed to be adequate. There was no strong case to be made for secondary level cooperation 

(Munro, 1987). 

The case of the Atlantic scallop fishery resource, shared by the United States and 

Canada, is the exception, not the rule.  The usual, the normal, situation is one in which the 

harvesting activity of one coastal State, sharing a fishery resource, will have a significant impact 

upon the harvesting opportunities of its neighbours.  Thus, a strategic interaction will inevitably 

arise between the two States.  The resource management decisions made by the first coastal 

State will influence the resource management decisions of the second coastal State.  The 

reverse will be equally true. 

If, in what we have termed the standard, or normal, transboundary fish stock case, there 

will inevitably be strategic interaction between or among, the coastal States sharing the 

resources, then economists have no choice, but to incorporate such strategic interaction into 

their analysis.  The economics of the management of transboundary fish stocks is, as a 

consequence, a blend of the standard fisheries economic applied to single state fisheries, and 

the theory of strategic interaction (or interactive decision theory), more commonly known as the 

theory of games.4  Economists studying other shared resources, e.g. water resources, the 

atmosphere, also find themselves compelled to incorporate game theory into their analysis. 

Game theory is becoming increasingly widely used in many different branches of 

economics, as well as being used in numerous other fields, such as legal studies, international 

relations and evolutionary biology.  As an indication of the growing importance of game theory, 

the Nobel Prize in Economic Sciences has now been awarded twice to specialists in game 
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theory.  The first was a  joint award in 1994, with one of the recipients being John Nash, who 

laid the foundation for much of the game theory used in economics.  The second, also a joint 

award, was given in 2005.  The press release announcing the awarding of the Prize for 2005 to 

Laureates Thomas Schelling and Robert Auman, read as follows: 

Why do some groups of individuals, organizations and countries 

succeed in promoting cooperation while others suffer from conflict?  

The work of Robert Aumann and Thomas Schelling has established 

game theory – or interactive decision theory – as the dominant 

approach to this age-old question.  (Nobelprize.org, 2005). 

For the purposes of this paper, we need only a broad overview of game 

theory – theory of strategic interaction – and the insights which the theory can offer 

us, when dealing with the two central issues before us.5  We do, nonetheless, 

require some basic terminology. 

To begin, those engaging in the strategic interaction, e.g. coastal States sharing a 

transboundary fishery resource, are referred to as “players. The “players” are assumed to be 

rational and to have various courses of action open to them, which are referred to as 

“strategies.”  The expected return to a player, in following a particular strategy, is then referred 

to as a “payoff.”  The size of the expected return or “payoff” will, needless to say, be dependent 

upon the known, or expected, reactions of other “players.”  The interaction between, or among, 

the players, as they execute their strategies, is the game.  The stable outcome of a game, if it 

exists, is termed the “solution” to the game.  Finally, the game may be a “once only” affair, or it 

may be repeated. 

 There are two broad categories of games, these being competitive, or non-cooperative, 

games, and cooperative games.  In a cooperative game, the players are assumed to be 

motivated entirely by self interest, but have some incentive to attempt to cooperate.  Of critical 

importance is the fact that players are able to communicate with one another effectively.  In 
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competitive, non-cooperative games, the lines of communication between and among the 

players are, more often than not, faulty, or are simply non-existent. 

 Having said all of this, however, it must be emphasized in passing that open lines of 

communication, between and among players, do not, in of and by themselves, guarantee a 

stable solution to a cooperative game.  As we shall emphasize, communication among players 

is a necessary, but not sufficient, condition for a stable outcome (solution) to the cooperative 

game. 

 In exploring the first issue – the consequences of non-cooperative resource 

management – we draw, not surprisingly, upon the theory of non-cooperative games.  The key 

conclusion arising from non-cooperative game theory is that the “players” will be driven 

inexorably to adopt strategies that they know perfectly well will produce decidedly undesirable 

results.  This outcome is referred to as a “Prisoner’s Dilemma” outcome after a famous non-

cooperative game developed to illustrate the point (Tucker, 1950).  The “Prisoner’s Dilemma,” 

and its application to fisheries, is discussed in an accompanying technical appendix, Appendix 

A. 

 The basic nature of the “Prisoner’s Dilemma” outcome, in a fisheries context, can be 

illustrated as follows.  Consider a transboundary fishery resource shared by two coastal States 

A and B.  A’s harvesting activities will have an impact upon B, and vice versa.  Suppose further 

that there is no significant resource management cooperation between the two.  A and B adopt 

the default option, and manage their respective segments of the resource on their own. 

If A undertakes to restrict harvests in order to “invest” in the resource, the benefits from this 

action will not be enjoyed by A alone, but will be shared with B.  What assurance does A  have 

that B will also undertake to conserve the resource?  Since there is no cooperation, the answer 

is none.  It is only too possible that B would be content to “free ride” off of A’s resource 

investment efforts.  In these circumstances, it is likely that A will conclude that the return on its 

 10



resource investment would be less than the cost , and that its best course of action (“strategy”) 

is to do nothing.  B could be expected to come to the same conclusion. 

 Worse, A has to allow for the possibility that B might deliberately deplete the resource.  If 

A seriously believes this, then it could decide that its best strategy is to strike first.  Once again, 

B could follow the same line of  reasoning. 

For a real world example, we turn to one of the most complex cooperative fishery 

management arrangements in the world, namely Pacific salmon shared by the United States 

and Canada.  Historically, Pacific salmon was the single most important fishery resource for the 

fishing industries of the American states of Washington, Oregon and Alaska, and the Canadian 

province of British Columbia.  The resource is shared, because American fishermen inevitably 

intercept (i.e. harvest) salmon produced in Canadian rivers and streams, while Canadian 

fishermen inevitably intercept American produced salmon. 

 

Figure 1. Source: Munro, McDorman and McKelvey, 1998 
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The United States and Canada, two developed coastal States with extensive fisheries 

management resources and experience, came together in the late 1960s to cooperate in the 

management of all Pacific salmon fishery resources from northern California to the Gulf of 

Alaska.6  The negotiations were long, arduous and difficult.  A successful conclusion was not 

reached until 1985.  What drove the negotiators on was the manifestation of the “Prisoner’s 

Dilemma.” 

It was believed, at the time, that salmon production could be increased substantially 

through enhancement projects (e.g. fish ladders) on major salmon rivers, such as the Fraser 

River, which empties south of Vancouver, British Columbia, and the Columbia River, which 

marks the boundary between the states of Washington and Oregon.  If Canada and the United 

States both engaged in such projects, the mutual benefits could have been impressive.  Each 

country deliberately held back from enhancement projects, however, for fear that the other 

would “free ride” on its efforts (Munro, McDorman and McKelvey, 1998). 

In addition, there were outbreaks between the two countries of Pacific salmon “fish 

wars,” which the American legal expert, Thomas Jensen, defines as deliberate overexploitation 

of the fishery resource for the purpose of denying harvest opportunity to the other party or 

parties (player or players) (Jensen, 1986, p. 18).  When negotiations finally reached a 

successful conclusion in 1985, in the form of the Canada-United States Pacific Salmon Treaty, 

Jensen commented that the Treaty could best be described as a “peace treaty memorializing 

the end of the Pacific salmon war” (Jensen, 1986, p. 372).  In the early 1990s, the Treaty seized 

up for a period of several years.  During this period of treaty paralysis, the “Prisoner’s Dilemma” 

re-emerged with a  vengeance (Miller, Munro, McDorman, McKelvey and Tydemers, 2001). 

It is, admittedly, possible that coastal States sharing a fishery resource will be fortunate 

in that, in the absence of formal cooperative resource management arrangements, tacit 

cooperation will emerge.  Tacit cooperation is, however, inherently fragile.  This author was a 

part of a team carrying out an economic study for the Benguela Current Large Marine  
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Figure 2. The Benguela Current Large Marine Ecosytem. 
 

Source: Sumaila, Munro and Keith, 2005 
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Ecosystem Programme on the advisability of moving forward to a formal cooperative resource 

management regime for the three coastal States involved: South Africa, Namibia and Angola 

(Sumaila, Munro and Keith, 2005).  The three States share several fishery resources, the most 

important of which is hake. 

Formal fisheries management cooperation among the three has not advanced beyond 

the primary level.  There is, to this point, no evidence of destructive fisheries practices, no 

evidence of the “Prisoner’s Dilemma” at work.  Thus, there appears to be tacit secondary level 

cooperative management.  While not down playing the costs of establishing a formal secondary 

level cooperative resource management regime, we urged that the three move towards such a 

cooperative resource management regime.  A key argument, which we made for such a move 

rested upon the inherent fragility of tacit cooperation7 (Sumaila, et al., ibid.) 

 Thus, with few exceptions, cooperation (beyond the primary level) does matter in the 

management of transboundary stocks.  Hence, we have no choice but to examine in detail, the 

second issue, the conditions that must be met, if the cooperative resource management 

arrangement is to prove to be stable through time, given that he arrangement must be self-

enforcing. 

In examining this issue, we draw appropriately upon the second branch of game theory, 

the theory of cooperative games, which is essentially a theory of bargaining.  From the theory 

arises the first, and one might say, critical, condition for stability, a condition, which on the face 

of it, is stunningly obvious.  It goes under the heading of the “individual rationality” condition.  No 

cooperative arrangement will be stable unless each, and every, “player” is assured a return 

(payoff) from the cooperative arrangement, at least as great as that which it would enjoy by 

refusing to cooperate.  The Report of the Bergen Expert Consultation noted that, while this 

proposition should be obvious, it is often ignored in practice (FAO, 2002). 
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 An accompanying, one might say overarching, condition for stability is that of perceived 

fairness and equity. If only one player  believes that its share of the overall economic returns 

from the cooperative arrangement is inequitable, the arrangement will be inherently unstable.8

 The problem then is to devise a cooperative arrangement, which is deemed to be fair, 

and which will deter defection.  A cooperative arrangement, in which no participant has an 

incentive to defect is, by definition, self-enforcing. 

Obviously, in order to achieve this goal, the allocation of the economic returns from the 

cooperatively managed fishery among the participants must be seen as equitable, but there is 

more to it than this.  Return to the Gulland list of three problems that a cooperative regime must 

address.  In addition to allocations, he included implementation and enforcement, and the 

determination of the optimal resource management program through time. 

 Consider first implementation and enforcement.  If weak monitoring promises that 

cheating will go largely undetected, then even players with a strong moral sense, may calculate 

that cheating by other players will reduce their expected payoffs from cooperation below what 

they could expect to receive under cooperation, regardless of how “fair” their promised 

allocations may have been. They can be expected to  refuse to cooperate – the “individual 

rationality” condition once again.9

With regards to determining the optimal resource management program through time, 

cooperative game theory uses the term “cooperative surplus.”  This refers to the difference 

between the sum of payoffs to the players under cooperation and the sum of the payoffs to the 

players under non-cooperation.  Achieving optimal resource management through time will 

maximize the “cooperative surplus.”  The larger the “cooperative surplus,” the more the players 

have to lose through a collapse of the cooperative management arrangement, and the easier it 

is to ensure that the “individual rationality” condition is met for each “player”. 

For an example, we turn to the case of a particularly successful cooperative fisheries 

management arrangement, which involved the cooperative management of cod, haddock and 
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capelin in the Barents Sea, by Norway and the Soviet Union/Russia.  The cooperative resource 

management arrangement was established in the mid 1970s, when the Cold War was in full 

sway.  The arrangement has been successful, in spite of complications arising from the fact that 

some of its stocks are straddling, as well as transboundary, in nature.  The arrangement has 

also survived the political transformation in the former Soviet Union.  This author will assert that 

a key factor in the success of the arrangement was, and is, the magnitude of the “cooperative 

surplus.” 

 Two Norwegian economists, Claire Armstrong and Ola Fläten, undertook an empirical 

analysis of the Barents Sea cooperative fisheries management arrangement, focussing on the 

most important of the three resources, cod . They argued that the cooperative arrangement was 

far from perfect in terms of maximizing the global economic returns from the fisheries.  

Nonetheless, the two estimated that the combined economic returns from the cod fishery to the 

two coastal States under cooperation was more than 50 times greater than what it would have 

been under non-cooperation (Armstrong and Fläten, 1991).  While the study was completed 

over a decade ago, there is no reason to believe that the returns from cooperation have 

diminished significantly (Stokke, 2003).  Thus both “players” have a great deal to lose from the 

cooperative management arrangement’s collapse.  The arrangement is indeed self-enforcing. 

 One complication that can arise, in attempting to achieve an optimal management 

regime, is that there is no guarantee that the players in the cooperative fisheries game will have 

identical resource management goals.  This fact was recognized by the FAO, while the UN 

Third Conference on the Law of the Sea was underway (FAO, 1979).10  It has been argued that, 

where there are differences in management goals, it is invariably the case that one player (or 

players) places a higher value on the resource than the other (Munro, 1987).  Maximizing the 

economic returns of the fishery through time obviously calls for the management preference of 

the player(s) placing the highest value on the resource to predominate.  This outcome is unlikely 

to be achieved, however, if allocations among the players is to be confined to allocations of the 
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TAC(s) among national fleets.  In order for what we might call the optimum optimorum to be 

achieved, the player(s) placing the highest value on the resource will have to be prepared to 

compensate the other players through transfers, which may be monetary, but which can also 

take many other forms.  This has come to be known as the Compensation Principle (Caddy, 

1997; Munro, 1987; Munro, et al., 2004). 

 In game theory parlance, these transfers are referred to as “side payments.”  The use of 

such side payments came up for considerable discussion in the Bergen Expert Consultation, 

where several participants preferred the less provocative term of “negotiation facilitators” (FAO, 

2002).  An obvious objection to the use of side payments (negotiation facilitators) is that those 

called to make them will balk at the sacrifice imposed upon them.  A second technical appendix, 

Appendix B, shows that those making the side-payments, as well as those receiving them, can 

expect to benefit.  The use of side payments allows for a superior resource management regime 

to the benefit of all. 

 For an example of the use of side payments to the benefit of all, we turn to the case of 

the North Pacific fur seal fishery.  From the late 19th century onwards, the fishery was shared 

by four states: Canada, Japan, Russia and the United States.   When the fishery became 

significant in the late 19th century, there was no cooperative management.  The “Prisoner’s 

Dilemma” played itself out, and the resource was subject to severe overexploitation.  Fearing 

the outright collapse of the resource, the four states came together and transformed the non-

cooperative game into a cooperative one, which took the form of the 1911 Convention for the 

Preservation and Protection of Fur Seals, which was to last, with one lengthy hiatus, until 1984 

(Barrett, 2003). 

 The four players were not identical.  Two, Russia and the United States, were low cost 

harvesters, harvesting the seals on land (Pribiloff Islands), while the other two, Canada and 

Japan, were high cost harvesters, harvesting the seals at sea.  Moreover, Russia and the 

United States received higher prices for their seal skins than did the other two countries. 
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Needless to say, Russia and the U.S.A. placed a higher value on the resource than did the 

other two.  Under the terms of the Convention, Canada and Japan were each to receive a 

certain fixed percentage of the TAC.  The allocation to the Canadian and the Japanese fleets, 

however, equaled zero.  All harvesting was to be done by Americans and Russians, with the 

Canadians and Japanese receiving their shares of the TAC in the form of seal skins, each 

season.  The United States and Russia did, of course, determine the resource management 

regime. 

 This pure side payments cooperative arrangement proved to be profitable for all four 

players.  Moreover, it also had beneficial conservation consequences.  It was estimated that, 

between 1911 and 1941 (when the hiatus in the Convention, referred to earlier, commenced), 

the seal herds had increased eighteen fold (FAO, 1992). 

 A further complication arises from the number of players.  As a general rule, the larger 

the number of “players,” the more difficult it is to achieve a stable cooperative resource 

management regime – the curse of large numbers.  The reasons are reasonably 

straightforward.  The larger the number of “players”, the greater becomes the enforcement 

problem, and the greater becomes the problem of reconciling conflicting management goals.11  

To return to the Barents Sea example, it can be argued that another factor leading to the 

success of the cooperative management arrangement is that the number of coastal States 

involved is only two. 

 Even if enforcement is strong, and a good attempt to maximize the “cooperative surplus” 

has been made, there remains an additional condition that must be met, if the cooperative 

resource management regime is to be stable through time.  We shall refer to this condition, or 

requirement, simply as “resilience.” 

 It can be anticipated that the cooperative resource management regime will be subject to 

unpredictable shocks through time, due to environmental, economic or political factors.  The 

consequence can be that, what was initially seen as a stable cooperative management regime, 
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will cease to be so, unless the cooperative resource management regime has sufficient flexibility 

to adjust to the shocks. 

 For an example, we return to the case of the Canada-US Pacific Salmon Treaty.  In the 

cooperative fisheries game that is the Treaty, it is reasonable to regard Canada as a single 

player, because, within Canada, jurisdiction over marine fisheries rests wholly with the federal 

government.  In the United States, on the other hand, significant power rests with the individual 

states.  The United States was, and is, therefore, not a single player, but what can be seen as a 

four player coalition, consisting of Washington plus Oregon, Alaska, the U.S federal 

government, and because of key US federal court decisions regarding the allocation of salmon 

harvests off of Washington/Oregon, the 24 Treaty Native American tribes of Washington, 

Oregon and Idaho.12The cooperative game is a two stage one, in which the players in the 

American coalition bargain among themselves, and, upon achieving a consensus, proceed to 

bargain with Canada. 

The Alaskans have always had the least to gain form the Treaty, and indeed the Treaty 

negotiations temporarily ground to a halt in the early 1980s, because of Alaskan dissatisfaction.  

Through a complex bargaining process, the problem was resolved and the Treaty came in to 

place in 1985. 

 At the time of the signing of the Treaty there was a rough balance between Canadian 

interception of American produced salmon, and the American interception of Canadian 

produced salmon.  It was recognized by all that the cooperative surplus was substantial, and it 

appeared that the allocation of the economic benefits from the fishery were more or less fair 

(Munro, McDorman and McKelvey, 1998). 

 What was not recognized at the time was that there was a climate regime shift 

underway.  The regime shift was to have a decidedly negative impact upon salmon stocks off 

Washington, Oregon and southern British Columbia, and a decidedly positive impact upon 

salmon stocks off of Alaska.  The equitable division of benefits was upset, and the Treaty was 
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thrown into disarray, with Alaska effectively being pitted against Canada, Washington/Oregon 

and the American Treaty tribes.  To all intents and purposes the “individual rationality” condition, 

with respect to Alaska, was not being met (Miller, et al., 2001; Miller and Munro, 2004). 

 The cooperative resource management arrangement proved to lack the resilience to 

withstand the major environmental shock in the form of the climate regime shift.  One weakness 

of the Treaty was that bargaining between Canada and the American coalition was constrained 

by the fact there was no allowance whatsoever for side payments (Miller, et al., 2001). 

 After almost six years of treaty paralysis, Canada and the United States signed the 

Pacific Salmon Agreement in 1999 (U.S. Department of State, 1999) designed to “patch up” the 

Treaty.  Interestingly, the Agreement contains (modest) provisions for side payments, although 

they are certainly not labeled as such (Miller, et al., 2001).  At the time of writing, the Treaty, as 

modified by the Agreement, has worked reasonably well since 1999.  Whether the Treaty 

proves to be sustainable over the long run remains to be seen. 

The final example, which I wish to consider in this section, is that of a cooperative 

resource management regime, which has displayed resilience through time, and which has 

dealt effectively with the curse of large numbers.  It is, moreover, within hailing distance of its 

30th anniversary.  The cooperative management regime is the one among the Pacific Island 

States that are fellow members of Australia and New Zealand in the South Pacific Forum 

Fisheries Agency (FFA). 

It is well known that the Pacific Islands Region encompasses the richest tropical tuna 

resources in the world, which are, in turn, of high economic importance to the Pacific Island 

States.  It could be argued that this group of states were among the big “winners” of the advent 

of the EEZ regime.  

 The Pacific Island States had a powerful incentive to cooperate.  Some 80-90 per cent of 

the tuna harvests in the region were, and are, taken by distant water fishing states (DWFSs) 

(Aqorau, 2003).  In the late 1970s-early 1980s, the Pacific Island States effectively faced only 
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one DWFS, one that was a major power in the Asia Pacific region.  As a provider of tuna 

harvesting services in the Region, this powerful nation was in the position of a monopolist.  In 

the absence of cooperation, it would have been inevitable that the single DWFS would have 

played one Island state against the other, and would have done so successfully (Munro, 1991). 

The Pacific Island States did attempt to cooperate through the vehicle of the FFA, 

established in 1979.  Achieving effective cooperation was, however, very difficult.  There were 

some  14 Pacific Island State members of the FFA, varying greatly in size, with many at low 

levels of development.  The distances were (and are) immense.  The Pacific Island States are 

spread over 35 million square kilometres of ocean space, while having a combined land mass of 

only 500 thousand square millimetres (Aqorau, 2003).  Implementing effective monitoring and 

surveillance programs, appeared to be an insurmountably difficult task.  

 

Figure 3. Source: Munro, Van Houtte and Willmann, 2004 
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The point has already been made that establishing a stable cooperative arrangement 

with a large number of participants (players) is a demanding undertaking, in the best of 

circumstances.  This author, writing 25 years ago, expressed the then widely shared pessimism 

about the stability of this seemingly intractable 14 player fisheries game (Munro, 1982). 

 In cooperative game theory, it is common to talk in terms of coalitions of players when 

the number of players exceeds two.  The total number of players is thought of as the Grand 

Coalition, in addition to which there can be sub-coalitions.  One then has to be concerned, not 

only about the possibility of individual players defecting, but also the possibility of sub-coalitions 

so doing. 

The tuna resources in the South Pacific are not evenly spread throughout the region, but 

tend rather to concentrate around the Equator.  The consequence is that there are, in relative 

terms, “haves” and “have nots,” among the Pacific Island Nations.  Seven of the fourteen could 

be regarded as “haves.”  Concerned about the lack of progress in the FFA, the seven met on 

the island of Nauru (one of the seven) and signed a formal agreement, the Nauru Agreement.  

The seven became known as the Nauru Group thereafter.  The Nauru Group made it known 

that, while the Group had no wish to see the FFA disintegrate, the Group would go it alone 

unless the others engaged in serious cooperation.  The others decided that serious cooperation 

was indeed in their best interest. 

Two sub-coalitions were thus formed, the Nauru Group (“haves”), and the “have nots.”  It 

helped that there are two major Pacific Island States, Papua New Guinea (PNG) and Fiji, which 

were in different sub-coalitions. PNG was in the “haves” sub-coalition, and became its leader, 

while Fiji became the leader of the “have nots” sub-coalition.  The intractable fourteen player 

game had evolved into what amounted to a game between two stable sub-coalitions (Munro, 

1991). 

Not surprisingly, the management goals of the two sub-coalitions were not the same.  

The Nauru Group was much more concerned about the long term stability of the resources, than 
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the less well off sub-coalition.  Clearly, the Nauru Group placed the higher value on the 

resource.  As we have noted, the theory tells us that the optimal outcome would be for the 

management preferences of the sub-coalition placing the higher value on the resource to be 

made dominant, and for that sub-coalition to compensate its fellow sub-coalition. 

The predictive power of the theory in this instance proved to be strong.  The Nauru 

Group became the cutting edge in terms of formulating management policy.  Various forms of 

side payments emerged, through which the “have not” sub-coalition was compensated (Aikman, 

1987; Munro, 1991).  These compensations continue up to the present day.  Moreover, the 

“have nots” sub-coalition has played an increasingly important role in the cooperative 

management of the resource (David Doulman, FAO, personal communication), which attests to 

the growing strength and stability of the cooperative resource management arrangement – the 

Grand Coalition. 

 

III. Straddling Fish Stocks 

It will be recalled that, in this paper, we are defining straddling fish stocks broadly to include all 

fish stocks to be found within the coastal State EEZ and the adjacent high seas.  To repeat an 

earlier comment, in terms of the economics of resource management, there is no meaningful 

difference between straddling stocks, as defined by the FAO, and highly migratory stocks 

(Munro, et al., 2004). 

 Once again, I leave the detailed discussion of the legal framework surrounding such 

stocks to my colleagues on the panel.  I shall content myself with the following observations.  

First, under the terms of the 1995 UN Fish Stocks Agreement, the resources are to be managed 

through Regional Fisheries Management Organizations (RFMOs), as exemplified by the  

Western and Central Pacific Fisheries Commission, and the North Atlantic Fisheries 

Organization (NAFO).  Under Article 8(4) of the Agreement, “only those States which are 

members of such an organization or participants in such an arrangement, or which agree to 
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apply the conservation and management measures established by such organization or 

arrangement, shall have access to the fishery resources to which these measures apply” (UN, 

1995, Article 8(4)).  Whether this provision applies to all States, or only to those that have 

ratified the Agreement is a question, which I leave to my colleagues learned in international law.  

The second observation is that fleets of non-participants, which engage in exploitation of the 

high seas portion of stocks subject to RFMO management in a manner contrary to the 

management provisions of the RFMO, and do so, because the fleets’ home states believe 

themselves not to be subject to Article 8(4) of the Agreement, or do so in defiance of the Article, 

are deemed to be engaging in unregulated, as opposed to illegal, fishing. 

Economists, in exploring the economics of the management of straddling stocks, 

commence with the economics of the management of transboundary stocks, and then ask 

themselves what additions, or modifications, to the analysis, if any, are now required.  With 

respect to non-cooperative management of straddling stocks, the answer is simple.  The 

economics of non-cooperative management of transboundary stocks applies without 

modification.  Non-cooperative management of straddling type of stocks leads directly to 

“Prisoner’s Dilemma” type of outcomes. 

 Munro, Van Houtte and Willmann argue that weaknesses in the 1982 UN Convention, 

pertaining to high seas fishery resources, ensured that straddling type of stocks would be 

managed non-cooperatively, prior to 1995.  The result was discord and overexploitation, as 

exemplified by the pollock resources of the Bering Sea “Doughnut Hole,” and groundfish 

resources on the Nose and Tail of the Grand Bank of Newfoundland, which led ultimately to the 

1993-1995 UN Fish Stocks Conference (Munro, et al., 2004).  The three then go on to state that 

“… the overexploitation of straddling stocks [broadly defined] worldwide, which provided the 

rationale for the UN Fish Stocks Conference, bears powerful testimony to the predictive power 

of the economic analysis of the non-cooperative management of such resources” (Munro, et al., 

2004, p. 45). 
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 It is in cooperative resource management that significant differences appear between 

transboundary and straddling stock management.  The first difference is one of degree rather 

than kind.  With respect to cooperative management of  transboundary stocks, the FFA based 

cooperative regime is unusual in terms of its large numbers.  Usually, the number of “players” is 

modest.  In the cooperative management of straddling type stocks, a large number of “players” 

(and hence the curse of large numbers) is commonplace.  The two following differences are 

differences in kind. 

 The second difference is in terms of the nature and number of participants (players) 

through time.  In the case of transboundary stocks, the identity of those which should be 

involved in the cooperative management of a resource, or set of resources, is, with few 

exceptions, obvious.  Moreover, the number of participants through time will be constant (again 

with few exceptions).  As far as straddling type stocks are concerned, on the other hand, even 

the identity of the initial, or “charter,” members of a given RFMO may not be entirely clear.  

Article 8(3) of the 1995 UN Fish Stocks Agreement maintains that: “… States having a real 

interest in the fisheries concerned may become members of such organizations,” i.e. RFMOs, 

(UN, 1995, Article 8(3).  Does this imply that the “charter” members of a RFMO should include, 

for example, DWFSs, which had hitherto never been involved in the relevant fisheries, but now 

would like to become so involved, and express a “real interest” to this effect? Munro, Van Houtte 

and Willmann found that experts in international law do not have a uniform view on the issue 

(Munro, et al., 2004, p. 50, n. 38). 

 With regards to the number (and nature) of participants of a RFMO over time, this may  

be anything but constant, since some of the participants are DWFSs, whose fleets are nothing, 

if not mobile.  Possibly, some initial “charter” members of the RFMO may withdraw and abandon 

the relevant fishery(ies).  More importantly, New Members/Participants may appear and 

demand to be allowed entrance.  Articles 8, 10 and 11 of the Agreement make it apparent that 

“charter” members of a RFMO cannot bar outright prospective New Members which are 
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prepared to adhere to the RFMO management regime (UN, 1995; Munro, et al., 2004).  The 

question is: under what terms are prospective New Members to be permitted to enter (e.g. what 

allocations are to be made to New Members)? 

The third major difference between cooperative management of transboundary stocks, 

and that of straddling stocks revolves around the threat of “free riding.”    Munro, Van Houtte 

and Willmann (2004) make a distinction between non-compliance and “free riding,” while 

conceding that the two are close, and that in some instances the boundary between the two will 

be fuzzy indeed.  In using the term “non-compliance,” they mean essentially cheating by 

participants in a cooperative arrangement.  By “free riding,” on the other hand, they refer to 

enjoyment of the benefits of, or returns from, a cooperative arrangement by non-participants. 

Non-compliance is obviously an issue in the management of transboundary stocks.  

While the authors agree that “free riding” is conceivable in the case of transboundary stock 

management, they are hard pressed to come up with any real world examples. 

By way of contrast, “free riding” is very much an issue in the cooperative management of 

straddling stocks, given the possibilities open for unregulated fishing in the high seas adjacent 

to the EEZs.  The consequences of uncontrolled “free riding” are straightforward enough.  With 

the prospect of much of the economic return from cooperative management being bled off by 

“free riders,” “charter” members of a RFMO may calculate that their expected payoff from 

participating in, or remaining in, the cooperative arrangement would fall below  their payoffs 

from non-cooperation – the “individual rationality” condition yet again.  The stability of the RFMO 

could collapse. 

In the pre-1995 UN Fish Stocks era, several efforts to manage straddling type of stocks, 

through cooperative management arrangements, were severely hindered by the “free riding” of 

non-participants, which were actively engaged in unregulated fishing.  Clear cut examples are 

provided by NAFO (Bjørndal and Munro, 2003), and by the Commission for the Conservation of 

Southern Bluefin Tuna (CCSBT, 2006; Cox, Stubbs and Davies, 1999; Kennedy, 1999). 
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In addition to “free riding” through unregulated fishing, the New Member and “real 

interest” issues carry with them a more subtle variant of the “free rider” problem, quite separate 

from unregulated fishing.  It arises in the following manner. 

An international group of legal experts, T. McDorman, K. Sigurjonsson and P. Örebech 

maintain that, under the 1995 UN Fish Stocks Agreement, New Members must be allocated just 

and reasonable shares of the TAC(s), available under the RFMO management plan , (Örebech, 

Sigurjonsson and McDorman, 1998).  A number of years ago, Kaitala and Munro (1997) 

demonstrated the following.  If just and reasonable implies that New Members/Participants, 

upon joining a RFMO, should be allocated, at no further cost as it were, shares of the Total 

Allowable Catch, or the equivalent, on a pro-rata basis, then, when planning is undertaken for 

the establishment of a RFMO, prospective “charter” members could well calculate that their 

expected payoffs from cooperation would fall below their respective non-cooperation payoffs.  

Hence, the RFMO would be stillborn, in essence because of potential New Member “free riding”. 

  The Kaitala-Munro argument can be explained in terms of the following example.  

Suppose that a hitherto overexploited straddling type of stock comes under the management of 

a RFMO consisting of coastal State V, and three DWFSs, W, X and Y, all of which had a history 

of involvement in the fishery.  The four “charter” members undertake the cost and sacrifice of 

rebuilding the resource over, let us say, a seven year period.  In the eighth year, the four are in 

a position to enjoy a return on their resource investment, through harvesting.  At the beginning 

of the eighth year, a prospective new member, DWFS Z, appears.  It demands access to the 

RFMO, agrees to abide by the resource management rules, but demands, “free of charge,” a 

pro-rata share of the harvest, and by implication, a pro-rata share of the net economic returns 

from the fishery.  If DWFS Z’s demands were acceded to, Z would effectively be a “free rider.”  

Having incurred none of the costs and sacrifices of investment in the resource, it will enjoy, at 

no cost, a pro-rata share of the return on the investment.  A straightforward application of game 

theory demonstrates that the impact of this new form of “free riding” is no different from the 

 27



impact of the “free riding” associated with unregulated fishing (Kaitala and Munro, ibid; Munro, 

et al., 2004). 

The “real interest” issue raises a similar “free rider” problem.  Munro, Van Houtte and 

Willmann argue that, if “real interest” as expressed in Article 8 of the Agreement,  is interpreted 

to mean that States, not currently engaged in exploiting resources to come under the 

management of a RFMO, must be invited to become “charter” members of the RFMO, then the  

same sort of “free rider” problem, threatened by the New Member issue, can readily arise.  

Return to our New Member problem example, discussed in the previous paragraphs.   

Suppose, as before, that States V,W,X, and Y come together to establish a RFMO to 

oversee the management of a straddling or highly migratory stock, which had, in the past, been 

overexploited. Suppose, also as before, that the four had been actively involved in the fishery 

prior to any thought being given  to establishing a RFMO.  The four plan to rebuild the resource 

over a seven year period.  Let us suppose that DWFS Z is a state, which had never participated 

in the exploitation of the resource, but which has developed a “real interest” in the resource, 

now that it may come under effective management.  Rather than wait to come in later as a New 

Member, Z demands full and undiluted “charter” membership. The four feel compelled to accede 

to Z’s demand.  Z incurs no real sacrifice in the re-building of the resource, because it had not 

hitherto been engaged in harvesting the resource.  Z will simply bide its time over the seven 

year period, and then, when the eighth year arrives, will come to enjoy an allocated share of the 

return on the resource investment, as the “free rider” that it most certainly is.  Once again, the 

possibility of such “free riding” could undermine the viability of the RFMO. 

 The Bergen Expert Consultation discussed two examples of attempts of RFMOs (or 

RFMO-like bodies) to address the New Member issue, namely NAFO and the Northeast Atlantic 

Fisheries Commission (NEAFC).  Relevant to these examples is Article 11(a) of the 1995 UN 

Fish Stocks Agreement, which admonishes existing members of a RFMO, when preparing to 
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accommodate new entrants, to take into account the status of the relevant stocks and existing 

fishing effort (UN, 1995). 

 Munro, Van Houtte and Willmann comment that both NAFO and NEAFC are taking 

Article 11(a) with great seriousness. They conclude that  “--- to be blunt, a just and reasonable 

[allocated] share  of the TACs for new entrants is interpreted largely as being what is left over” 

(Munro, et al., 2004, p.  49). 

 There is, of course, an alternative, which is to allow prospective new entrants to buy 

quotas from existing RFMO members, similar to prospective new entrants to a domestic ITQ 

fishery attempting to buy quota from existing ITQ holders.  The alternative was discussed at the 

Bergen Expert Consultation.  The report of the Consultation states: 

If … it were possible for prospective New Members to purchase 

quotas from existing members of RFMOs, this would serve to ease 

the problem of quota allocation to New Members (FAO, 2002, para. 

63). 

It was recognized in Bergen that, if this approach were to be adopted, then, by implication, the 

“charter” members of the RFMO would be granted de facto collective property rights to the 

fishery resources encompassed by the RFMO (Munro, et al., 2004, p. 37). 

 This author is well aware that the New Member problem is of direct relevance to the 

WCPFC, and to the CCSBT.  Information arising from the CCSBT makes it apparent that the 

Commission is encouraging those, which were hitherto engaged in unregulated fishing, to 

become New Members (CCSBT, 2006).  The author will not attempt to go into detail, but will, 

rather, defer to others on the panel, and at the Conference, whose knowledge of the two bodies 

far exceeds his own. 

 Having said all of this, an apparent dilemma now confronts us.  If allocations offered to 

prospective New Members, or hitherto non-participants in the fishery(ies) now claiming a “real 

interest,” are too generous,  then the RFMO may be undermined for reasons discussed. If, 
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however, States/entities found in  these two groups deem the offered allocations to be 

insufficient, they may refuse to join the RFMO,  and turn to unregulated fishing in the adjacent 

high seas, Agreement or no Agreement.  How then is the dilemma to be resolved? 

 A group of  European fisheries economists, who are, this author would argue, at the 

cutting edge of the application of game theory to the management of shared fish stocks, have, 

in the recent past, addressed this very problem.13  Their conclusion is that, if restrictions on 

unregulated fishing are weak, there will be instances in which no resolution of the dilemma is 

possible– regardless of how ingenious the allocation schemes might be.14

 In a recent study, the analysis developed by these economists was tested empirically by 

being applied to the case of East Atlantic Bluefin Tuna fisheries, under the management 

jurisdiction of the International Commission for the Conservation of Atlantic Tuna (ICCAT) 

(Pintassilgo, 2003).  The author of the empirical study concludes that, if restrictions on 

unregulated fishing are weak, it will not be possible to achieve a stable (self-enforcing) 

cooperative arrangement for the management of the resource, the 1995 UN Fish Stocks 

Agreement notwithstanding.  The author also concludes, however, that, if unregulated fishing 

can be eliminated, the prospects for effective cooperative resource management will be much 

brighter (Pintassilgo, ibid.).  Another pair of European economists add that, if effective 

cooperative management measures are not applied to the tuna resource, the sustainability of 

the fishery will be under severe threat (Bjørndal and Brasão, forthcoming). 

 The implications of the preceding analysis and empirical studies are clear, and 

unambiguous.  In his keynote address to the International Institute of Fisheries Economics and 

Trade (IIFET) 2004 Japan Conference, Assistant Director General, Ichiro Nomura, FAO, stated 

that “… if Regional Fisheries Bodies [including RFMOs] are not  able to fulfill their mandates 

because of IUU fishing, the outlook for the sustainable utilization of many of the world’s 

commercially important fish stocks is bleak.” (Nomura, 2004, p. 7).  This author can only agree.  

If the newly emerging RFMO regime is to prosper, it is of utmost importance that unregulated 

 30



fishing be eliminated, with the first such fishing becoming, de facto if not de jure, illegal fishing.15 

It is difficult to overstress the importance of the FAO International Plan of Action to deal with IUU 

fishing (IPOA-IUU)(FAO, 2001). 

 

IV. Discrete High Seas Stocks 

There is very little  that one can say, at  this stage, about these stocks.  Munro, Van Houtte and 

Willmann describe them as the “orphan” fish stocks of the ocean (Munro, et al., 2004, p. 57).  

Many of the stocks have been protected to date, by virtue of the fact that it is too costly to 

exploit them on a commercial basis.  The history of world fisheries assures us that, with the 

ongoing advance of fisheries technology, this protection will disappear over time. 

 Munro, Van Houtte and Willmann point out that the only legal protection, which the 

resources have, comes from the 1982 UN Convention, Part VII, High Seas (UN, 1982).  States 

exploiting such stocks are admonished to cooperate for the purpose of conserving the resource.  

Needless to say, no mechanism for cooperation is suggested. 

 Part VII of the 1982 Convention did, in of and by itself, prove to be quite inadequate for 

the conservation of straddling type of stocks.  It is questionable whether one has any 

justification whatsoever for assuming that Part VII articles will prove to be any more adequate 

for the conservation of discrete high seas stocks. One could look forward , with confidence, to 

an intractable “free riding” problem. 

 Without an effective mechanism for cooperation, we can anticipate that the discrete high 

seas stocks fisheries will play themselves out as competitive fisheries games, with the to be 

expected destructive consequences. It may be that a solution could be found in extending the 

mandate of RFMOs to cover these resources.  At this point, we can do no more than speculate. 
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V Conclusions 

This paper has been concerned with allocation issues, in the context of internationally shared 

fishery resources, as seen from the perspective of an economist. The key question that has 

been raised is whether there exist allocation schemes that will ensure the long run stability of 

the fisheries, which these resources support. The answer is that, while allocation schemes, 

deemed to be fair and equitable, are clearly important for the long run stability of internationally 

shared fisheries, they are not sufficient, in of and by themselves. 

 We commence with two fundamental propositions. The first is that, with few exceptions, 

there will be a strategic interaction between, and among, the States/entities sharing the fishery 

resources. The second is that cooperative arrangements, for the management of such 

resources must be self-enforcing, if they are to be sustainable over the long run. 

 Given the first proposition, economists, in analyzing the management of internationally 

shared fishery resources, have been compelled to view the problem through the lens of the 

theory of strategic interaction, popularly known as game theory. In so doing, we are driven to 

our first conclusion, namely that, if the cooperative management arrangement breaks down, the 

consequences can be severe, with there being little left to allocate over the long term.   

Self-enforcing cooperative resource management regimes are those in which no 

participant (“player”), now or in the future, does have, or will have, an incentive to defect, and go 

it on its own.  To achieve this goal, cooperative management regimes for both transboundary 

and straddling stocks must, we have now learned, be “resilient”, in that they can withstand 

unpredictable shocks. Straddling stock cooperative management regimes face an additional 

threat in the form of “free riding”. We conclude that, unless the problem of unregulated fishing 

can be dealt with effectively, the threat posed by “free riding” will be chronic, and could 

undermine the emerging RFMO regime.  
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There remain discrete high seas stocks, which we referred to as the “orphans” of the 

sea. At the time of writing, we have little assurance of self-enforcing, stable cooperative regimes 

being established for their management.  The threat posed by “free riding” is, at best, daunting.  
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Appendix A 

Non-cooperative Management of Shared Fish Stocks and the “Prisoner’s Dilemma” 

 
This appendix draws heavily upon Munro, Van Houtte and Willmann, 2004 (see: pp. 61-63). 

 The Prisoners’ Dilemma” is perhaps the most famous of all non-cooperative games.  The 

name arises from a story introduced by the author (Tucker, 1950) to illustrate the point that, 

under non-cooperation, the players will be driven to adopt strategies, which they know are less 

than optimal. 

 In the story, two men, R and T, are arrested on (justifiable) suspicion of grand larceny.  

In prison, the men are isolated from one another, so that no cooperation between the two is 

possible.  The state prosecutor then interviews prisoner R.  The prosecutor admits that the 

evidence, which he has, is limited.  He concedes that, if both R and T plead not guilty, the most 

he can do is to convict the two on a lesser charge.  They would then each receive 6 months in 

prison.  If both R and T plead guilty, they will each receive a 5 year prison sentence.  The 

prosecutor continues that, if R pleads guilty, while T pleads not guilty, R will be released for 

having turned state’s evidence, and thus helping to convict T.  If, on the other hand, R pleads 

not guilty, while T pleads guilty, R will be dealt with harshly.  He will receive a 10 year prison 

sentence.  The prosecutor then holds exactly the same interview with T. 

 R and T are the players.  Each has two possible strategies: to plead guilty, or to plead 

not guilty.  If R and T could communicate, and were able to enter into a binding agreement, they 

would cooperate, and each would adopt the strategy of pleading not guilty.  The outcome of the 

cooperative game would be that the two would be released from prison after a short stay of 6 

months.  They cannot communicate, however, with the result that they cannot cooperate.  A 

non-cooperative game is the only option.  In this situation, the best strategy for R will be to plead 

guilty.  What is true for R is also true for T.  The two will thus spend 5 years in prison, a most 

inferior outcome. 
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 To see why we get this seemingly perverse “solution” to the non-cooperative game, we 

set up a so-called Payoff Matrix.  The payoffs in the Matrix are expressed in terms of prison 

sentences.  Consider the following, adapted from Luce and Raiffa (1957): 

Prisoner R\Prisoner T Pleads guilty Pleads not guilty 

Pleads guilty 5 years each 
0 years for R,  

and 10 years for T 

Pleads not guilty 
10 years for R,  

and 0 years for T 

1/2 year each 

 

Consider the position of R. If Player T were to plead guilty, Player R would clearly be 

better off pleading guilty.  If Player T were to plead not guilty, Player R would, once again, be 

better off pleading guilty.  Regardless of which of the two strategies Player T may adopt, the 

best strategy for Player R is to plead guilty.  Hence, pleading guilty is the dominant strategy for 

Player R.  What holds true for Player R, also hold true for Player T. 

Colin Clark, in his book Bionomic Modelling and Fisheries Management (Clark, 1985), 

presents a lucid example of the Prisoner’s Dilemma applied to fisheries.  Consider a fishery 

resource, shared by two countries, in which the costs of harvesting are independent of the size 

of the biomass, and in which the price for harvested fish and unit fishing effort costs are the 

same for the two countries, and are both constants.  For each country, the net return for each 

unit of fish harvested is p-c, where p is the price of harvested fish and c the unit cost of 

harvesting.  For the sake of simplicity, let p-c=1. 

Let x denote the biomass, and G(x) the growth of the biomass, and thus the sustainable 

harvest for any given level of x.  Suppose that we commence at the global optimal biomass 

level, i.e. the biomass level at which the global economic returns from the resource will be 
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maximized.  Denote that biomass by x*.  The global economic return from the resource at x = x* 

is the present value of the sustainable harvest through time, which can be expressed as: 

G(x*)/δ, where δ is the appropriate rate of interest, or discount rate, assumed to be common to 

the two countries.  

One possible harvest policy is simply to deplete the resource.  Since harvesting costs 

are independent of the size of the resource, the resource could be reduced to zero.  If, 

commencing at x = x*, the resource is depleted to zero, the economic return from so doing 

would be just x*.  We assume that x* is positive, which implies, in turn, that x * < G(x*)/δ. 

Country 1 has two possible strategies: deplete the resource, or conserve it.  If Country 1 

adopts the deplete strategy, while Country 2 follows the conserve strategy, it is assumed that 

Country 1 can deplete the resource so quickly that Country 2 receives nothing (and thus ends 

up as the “goat”). What holds true for Country 1, holds true for Country 2, which faces the same 

set of strategies. 

Finally, we assume that the two countries have equal bargaining strength and harvesting 

power.  Hence, if the two follow the same strategies, they will share the economic returns from 

the fishery equally. 

The Payoff Matrix looks as follows: 

Country 1/Country 2 Conserve Deplete 

Conserve  G(x*) G(x*),
2 2δ δ

 0, x* 

Deplete x*,0 
x * x *,
2 2

 

 

If both conserve, each will receive one-half of the present value of the sustainable 

harvest, i.e.
2
1

×⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
δ

)x(G *

.  If both deplete, each will receive x *
2

.  Since ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
δ

<
22

)x(Gx **

, then it 
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follows that, if the two countries could communicate with one another and were prepared to 

cooperate, and enter into a binding agreement, we would end up with the resource being 

conserved. 

Suppose, on the other hand, that there is no cooperation, no communication, between 

the two countries.  Assume, to begin with, that ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
δ

>
2

)x(Gx
*

*   and consider Country 1.  If 

Country 2 should follow the conserve strategy, Country 1 will receive 
δ2

)x(G *

, if it conserves, and 

x*, if it depletes.  If Country 2 should follow the deplete strategy, Country 1 would receive 0, if it 

follows the conserve strategy, and x *
2

 if it follows the deplete strategy.  Clearly Country 1 

should adopt the deplete strategy.  What holds true for Country 1, hold true for Country 2, and 

we end up with a deplete, deplete outcome.  This is a perfect Prisoner’s Dilemma case (Clark, 

1985, pp. 151-153). 

Suppose, on the other hand, that ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
δ

<
2

)x(Gx
*

* .  Country 1 would be better off 

conserving, if Country 2 followed the conserve strategy.  It is possible that we would end up with 

a conserve, conserve outcome (tacit cooperation).  But, such an outcome is decidedly unstable.  

Suppose that Country 1, guessing that Country 2 will conserve, adopts the conserve strategy, 

but is then proven wrong.  Country 2 depletes, with the result that Country 1 is left with 0, and is 

indeed the “goat.”   

There is, in the theory of games, a famous criterion for selecting strategies in non-

cooperative games, which is particularly applicable when one’s opponent is both aggressive and 

unpredictable.  It is referred to as the maxmin criterion.  The criterion states that one should look 

at the worst possible outcome from following each strategy, and then compare.  Choose the 
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strategy having the least worst outcome.  In the case under discussion, ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
δ

<
2

)x(Gx
*

* , the 

Payoff Matrix tells us that the worst outcome for Country 1, if it follows the conserve strategy, is 

that it will receive 0 (the “goat” outcome).  The worst outcome for Country 1, if it follows the 

deplete strategy, is that it will receive
2

*x
.  An application of the maxmin criterion would lead 

Country 1 to choose the deplete strategy.  If Countries 1 and 2 each regard one another as 

aggressive and unpredictable, we can look forward to a deplete, deplete outcome.  We might 

refer to this as the imperfect Prisoner’s Dilemma case (Clark, 1985, ibid.;  Bacharach, 1976). 

 38



Appendix B 

A Two Player Cooperative Fisheries Game and Side Payments 

 

In this appendix, we attempt to illustrate more fully some of the points made about simple 

cooperative fisheries games. 

 In the example to follow, we assume two players – two coastal States sharing a 

transboundary fishery resource.  Call the players simply Player I and Player II.  The payoffs to 

the players are expressed in terms of the present values of the expected net economic returns 

to the players from the fishery, given a particular harvest program. 

 We now introduce some economic jargon.  The late 19th century-early 20th century 

Italian economist, Vilfredo Pareto, put forth the proposition that, in trade or in other dealings 

between and among “individuals,” the outcome was certain to be less than optimal, if it were 

possible by a rearrangement of the dealings to make one “individual” better off, without making 

the other “individual” worse off.  This gave rise to the expressions “Pareto Improving” and 

“Pareto Optimality.”  “Pareto Optimality” implies a situation, in which it is not  possible to make 

one “individual” better off, except at the expense of the other(s).  A formal condition for the 

stability of a “solution” to a cooperative game is that the “solution” be “Pareto Optimal.”  This fits 

in with our discussion in the text of the necessity of attempting to maximize the global net 

economic returns from the cooperatively managed fishery. 

 Now consider the following widely used diagram.  We assume that, for whatever reason, 

Players I and II have different management goals and that Player I places a higher value on the 

fishery resource than does II.  The payoffs to I, θ, are shown on the vertical axis; while the 

payoffs to II, γ, are shown on the horizontal axis. 
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The payoff θ0 represents the payoff I would receive, if there was no cooperation.  I 

cannot receive less from the cooperative game than θ0, if there is to be a “solution” to the game.  

In the case of II, we have two alternative cases, one in which its payoff from non-cooperation is 

γ0, the second case in which its payoff from non-cooperation is 0′γ . 

Now suppose that side payments are barred.  The curve β =1 to β = 0 represents the so 

called Pareto Frontier.  It shows all of the pairs of payoffs to all possible solutions to the 

cooperative game meeting the criterion of Pareto Optimality.  If a “solution” to the game exists, it 

must lie on this frontier. 

The parameter β is a bargaining parameter.  If β = 1, the resource management 

preferences of I are completely dominant, while if β = 0, those of II are completely dominant.  If 

0 < β < 1, we have a compromise resource management program. 

Suppose now that the payoff, which II would receive under non-cooperation is γ0.  We 

can see at once that a solution to the cooperative game in which the management preferences 

of I, the player placing the highest value on the resource, are dominant, is not feasible.  Player II 

would end up being worse off than it would be under non-cooperation.  The “individual 

rationality” condition would not be met. 

A “solution” to the game would be achievable, however, say at point such as A.  Point A 

is Pareto Optimal.  Furthermore, both players will receive payoffs greater than they would under 

non-cooperation. 

On the other hand, if II’s expected payoff from non-cooperation is , there would  be no 

“solution” to the cooperative game.  There is no point on the Pareto frontier at which both I and 

II are assured of being better off than they would be by acting non-cooperatively.  Attempts to 

achieve cooperation would break down. A non-cooperative game would ensue. 

0′γ

Now suppose that side payments are feasible.  The Pareto Frontier then becomes a 45° 

line, implying that the two players attempt to maximize the global returns from the fishery, 
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without worrying about differences in management preferences.  This will be achieved by 

allowing the management preferences of I to prevail, i.e. we end up at β = 1.  Player I will 

manage the fishery, and will make transfers to II to ensure II’s cooperation. 

II will be clearly better off when the side payments are feasible, but so will I.  If II’s payoff 

under non-cooperation is , the existence of side payments will make the difference between 

cooperation and non-cooperation.  If II’s non-cooperative payoff is γ

0′γ

0, the impact of the 

introduction of side payments is not so dramatic.  Nonetheless, I, as well as II, can expect to be 

better off.  By allowing side payments, the global net economic benefits from the fishery can be 

maximized, which they cannot in the absence of side payments.  The introduction of side 

payments is “Pareto Improving,” – both players can expect to win. 

Return to the real world example of the North Pacific fur seal fishery. Think of Russia 

plus the United States as the equivalent of I, and Canada plus Japan as the equivalent of II. The 

cooperative resource management arrangement, by allowing for superior economic 

management, meant that Russia and the US, as well as Canada and Japan,  were better off 

than they would have been had the arrangement called for continued Canadian and Japanese 

high cost harvesting.  
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Notes 
 
1 The full title of the Agreement is Agreement for the Implementation of the Provisions of the United 

Nations Convention on the Law of the Sea of 10 December 1982 Relating to the Conservation and 

Management of Straddling Fish Stocks and Highly Migratory Fish Stocks. 
2 Norway-FAO Expert Consultation on the Management of Shared Fish Stocks Bergen, Norway, 7-10 

October 2002.
3 Most of Scott Barrett’s book is devoted to the problems of international pollution.  Nonetheless, his 

analysis does have direct relevance to international fisheries. 
4 The name comes from the fact that games, e.g. card games, were often used to illustrate the theory.  In 

some ways, the name is unfortunate, in that it creates the impression that the theory is confined to 

frivolous issues, which it most definitely is not. 
5 Having said this, we include two technical appendices, which go into the nature of game theory, and its 

application to international fisheries, in greater depth. 
6 Canada and the United States did have a treaty for the cooperative management of Pacific salmon 

produced in Canada’s Fraser River system, dating back to the 1930s.  In the late 1960s, with the UN 

Third Conference on the Law of the Sea looming on the horizon, it was decided that the scope for 

Canada-US cooperative management of Pacific salmon had to be broadened (Munro, McDorman and 

McKelvey, 1998). 
7 There had previously been uncertainty about the extent to which the resources had been shared, which 

caused the authors of the report to suspect that the tacit cooperation might have been inadvertent, i.e. the 

impact of one State’s harvesting activities upon its neighbours might not have been fully recognized. 
8 Fairness and “individual rationality” are not entirely independent.  If one player realizes that the payoff to 

it from cooperation is less than what it would receive from non-cooperation, it will hardly deem the 

cooperative arrangement to be “fair.” 

  Historically, a “fair” basis for making allocations in the cooperative management of transboundary stocks 

has been seen to consist primarily of the zonal attachment of the stock, or stocks, and/or historical catch 

records of the relevant coastal State fleets, within their respective EEZs (see: FAO, 2002). 
9 See the Report on the Bergen Expert Consultation for a detailed discussion on monitoring and 

enforcement in cooperative fisheries management arrangements (FAO, 2002). 
10 The 1979 FAO report pointed out that one State might opt for a MSY policy, while its partner State 

might opt for a biomass larger than that associated with MSY, and be pleased to accept lower catch 

rates. 
11 Confirmation has been provided by a recent empirical study on world fisheries carried out by a New 

Zealand economist (McWhinnie, 2005).  The empirical study reveals that shared fishery resources are 

more likely to be subject to overexploitation than are fishery resources confined to a single EEZ.  Among 
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shared fishery resources, the risk of overexploitation increases with the number of states/entities sharing 

the resources. 
12 The American federal government plays a relatively minor role in the American coalition (see: Miller, 

Munro, McDorman, McKelvey and Tydemers, 2001). 
13 See in particular: Lindroos, 2002; and Pintassilgo, 2003. 
14 In the straddling stock cooperative fisheries game, as we have emphasized, large numbers of “players” 

is the norm.  Let it be recalled that, when there are a large number of players, it is not sufficient to worry 

about individual players going off on their own and playing non-cooperatively.  One also has to worry 

about sub coalitions defecting. 

  One should also point out that it is not just frustrated potential New Members, which might engage in 

“free riding.”  “Charter” member DWFSs could announce their withdrawal from the RFMO and proceed to 

become “free riders.” 
15 The single most important emerging RFMO, where these problems are being played out, is on this 

Conference’s doorstep, namely the Western and Central Pacific Fisheries Commission (see: Figure 3).  

Munro, Van Houtte and Willmann maintained that “… the WCPFC represents an immensely ambitious 

undertaking.  If it is successful, one can anticipate that it will serve as a model for emerging RFMOs 

throughout the world” (Munro, et al., 2004, p. 55). 
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