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ABSTRACT 

Highly migratory fish stocks in the Western and Central Pacific Ocean are an important source of income 
for those Pacific island nations through whose economic zones the stocks pass, and for distant water 
fishing nations that target the stocks. Although the tropical stocks have been regarded in the past as highly 
productive, many stocks are now under pressure. A Commission for the management and conservation of 
the stocks was established late in 2005, under the principles and guidelines laid down in the United 
Nations Fish Stocks Agreement. The Secretariat has listed a range of possible conservation and 
management measures, including: catch and effort reductions; fleet capacity limits; and area, gear and 
period closures, taking account of stocks classified as overfished by the relevant scientific committee. The 
paper considers the desirability of these and other measures, such as fees for access to economic zones, 
and marketable harvesting rights to fishing a stock anywhere within areas where stock levels are not 
threatened. Criteria include minimum target stock levels, sustainability, economic efficiency and equity. 
Problems discussed are: increased access fees leading to greater diversion of distant water fishing nations’ 
effort to areas just outside economic zones; the extent of discriminatory pricing of harvesting rights 
systems needed for efficiency where the age distribution of stock, or across-stock interactions, differ 
spatially; and the likelihood of all interested parties agreeing to a management regime even if it could 
potentially benefit all parties. The appropriateness of alternative quantitative fishery modeling approaches 
for aiding the setting of regulatory parameters is considered.  

Keywords: Highly migratory fish stocks, Western and central Pacific Ocean, Economic efficiency. 

INTRODUCTION 
 
The UN Convention on the Law of the Sea negotiated in 1982 made possible the economically efficient 
management of fish stocks within the declared Exclusive Economic Zones (EEZs) of coastal states, by 
giving property rights to the governments of the states. The removal of the residual barrier to efficient 
management of stocks which are not within the EEZs of any nation (i.e., are on the high seas), or are 
shared between the EEZs of several states and possibly the high seas, is inherently problematic because of 
the absence of any world body with recognized jurisdiction over shared and high seas fish stocks. To help 
overcome the problem the UN promoted the 1995 UN Fish Stocks Agreement (UNFSA), which came 
into effect in 2001. With reliance on goals of stock conservation and effective management to be 
implemented by Regional Fisheries Management Organizations (RFMOs), the aim is to demonstrate that 
future gains can be made by fishing parties taking collective action to reduce current harvesting effort.  
 
There is no one set of hard and fast rules to guarantee that the conservation and management goals of all 
RFMOs will be successfully met. Rules will be guided by the recommendations of the UNFSA, but will 
vary by RFMO dependent on the particular problems faced and on the strengths of different interest 
groups. At the recent Review Conference of the 1995 UNFSA at UN headquarters in New York (22-26 
May 2006) attended by government, industry and environment parties, no radical changes were agreed. 
The FAO argued that greater assistance should be given to developing countries so that they can more 
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fully meet their obligations under the agreement. The FAO also urged that RFMOs should be made more 
effective in implementing the UNFSA and in combating illegal fishing. Delegates agreed on greater use 
of satellite monitoring of fishing vessels, and of on-board monitors, and on more checking that fish at the 
point of landing have been legally been caught. Arguments were made that rich nations rather than poor 
nations should be asked to cut back on fishing effort. 
 
In this paper the problems facing a recently formed RFMO set up to manage one geographically extensive 
ocean area of migratory stocks are considered. The organization is the Commission for the Conservation 
and Management of Highly Migratory Fish Stocks of the Western and Central Pacific Ocean (or Western 
and Central Pacific Fisheries Commission, WCPFC). See Figure 1 for a map of the Commission Area. 
 
Key elements are: 
 

a) The different economic statuses of the Distant Water Fleet Nations (DWFNs) (USA, Japan, 
South Korea and Taiwan) compared to the coastal states, consisting of relatively poor Pacific 
Island Nations (PINs) and Indonesia and the Philippines. Munro et al. (2004) point out that given 
that most of the catch from the EEZs of the PINs is taken by prosperous DWFNs, the PINs could 
agree to cooperate with DWFNs but face relatively poor gains due to lack of bargaining power. 
They could also be vulnerable to being played off against each other by the DWFNs. In fact the 
PINs have been able to maintain a reasonably united front under the aegis of the South Pacific 
Fisheries Forum Agency (FFA). (See Figure 2 for a map of showing the FFA region and 
associated PINs.) However, some have argued that the PINs’ charge for DWFN access to their 
EEZs at about 4 per cent of the gross value of the catch is too low to maximize their income from 
charging [1,2]. 

 
b) The four species of migratory tuna which can be fished on the high seas and in the EEZs of the 

PINs and of Indonesia and the Philippines. Longline frozen catches of adult yellowfin and bigeye 
can fetch relatively high prices for sashimi on Japanese markets, with frozen albacore obtaining 
lower prices. Purse-seine and pole-and-line fleets catch juvenile tuna (skipjack, yellowfin and 
bigeye) which receive a much lower price. There is thus a complex mix of national fleets using 
fishing gears to target different species of tuna and age groups of tuna on the high seas and in 
EEZs. Effective management of the tuna stocks therefore entails taking account of the interaction 
of the different harvesting gears of different fleets. 

 
c) The shared stocks of albacore between the Western and Central, and the Eastern Pacific, Oceans, 

requiring management by two RFMOs: respectively the WCPFC and the IATTC (Inter American 
Tropical Tuna Commission). 

 
Munro et al. (2004) [3] say after commenting on the state of fisheries in the Western and Central 
Pacific: “To conclude we must repeat that the WCPFC represents an immensely ambitious undertaking. 
If it is successful one can confidently anticipate it will serve as a model for emerging RFOs throughout 
the world.” 
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Figure 1. The Western and Central Fisheries Commission boundary, and national EEZs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. The Forum Fisheries Agency (FFA) region defined by outline of 5 degree squares 
and the EEZs of FFA member countries (shaded) 
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THE ROLE MAPPED OUT FOR THE WCPF COMMISSION 
 
The Commission is guided by the Convention on the Conservation and Management of Highly Migratory 
Fish Stocks in the Western and Central Pacific Ocean [4]. Article 5 of the Convention lays out the 
principles and measures for conservation and management of stocks. Part b of Article 5 sums up the scope 
of measures to be implemented so as to: 
 

ensure that such measures are based on the best scientific evidence available and are designed to 
maintain or restore stocks at levels capable of producing maximum sustainable yield, as 
qualified by relevant environmental and economic factors, including the special requirements of 
developing States in the Convention Area, particularly small island developing States, and 
taking into account fishing patterns, the interdependence of stocks and any generally 
recommended international minimum standards, whether subregional, regional or global;  

 
The Commission seeks advice from a Scientific Committee (SC) on stock assessment, and from a 
Technical and Compliance Committee (TCC) for evaluating options for effective implementation of 
possible management measures. One current area of concern arises from the SC noting that overfishing of 
bigeye and yellowfin is now likely occurring, though not of skipjack or South Pacific albacore. 
 
One index used for assessing the sustainability of current catches is maximum-sustainable-yield fishing 
mortality relative to current fishing mortality. The index is less than one for bigeye and yellowfin (about 
0.8), but much greater for albacore (about 19). The Commission is consequently considering the 
following measures for reducing fishing effort targeted at juvenile and adult bigeye and yellowfin [5]: 
 

(a) Catch and/or effort limits 
(b) Capacity limits for large-scale tuna fishing vessels 
(c) Measures to address impacts of large-scale tuna fishing vessels, so as to ensure compatibility 

between measures applied outside areas of national jurisdiction and measures being applied 
by coastal states to manage fishing by such vessels within their zones 

(d) Time and area closures 
(e) Mitigation measures to address the mortality of non-target species eg seabirds, turtles and 

sharks. 
 
A measure that is clearly being considered by the Commission and is referred to several times in 
‘Conservation and Management Measures’ [5] is the imposition of a total allowable catch (or total 
allowable effort) which spans the Convention Area. For example, in para. 41, it is said: 
  

A priority issue for the Commission, given the expectation that a Convention Area TAC with 
national and high seas allocations of catch is likely to be the most effective long-term option for 
the conservation and management of the large, multispecies, multi-gear, multiple landing point 
fisheries of the WCPO, is the development of mechanisms for the allocation of TAC (or TAE), 
in accordance with Art. 10(3), and adopting any such decisions by consensus (Art. 10(4)). The 
Commission could usefully consider the most suitable approach to initiate this process. 

 
This is an interesting development, with many allocation possibilities. Should allocations be specific to 
the location of the catch? Should allocations be gear specific, or nation specific, or both? Should the 
allocations be transferable? To what extent should economic efficiency be a criterion? 
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ALTERNATIVE CRITERIA FOR MANAGING MIGRATORY FISH STOCKS 
 
Article 5 (b) of the Convention [4] merges many desirable criteria without giving weights to the criteria. 
This on the face of it avoids conflict between different fishing parties and management approaches, but it 
leaves opaque the actual basis of decision making to be applied. 
 
The main criterion for judging the desirability of the level of fishing effort is the extent to which the 
resulting catch is sustainable. This is the traditional criterion employed generally across the world’s fish 
stocks. Why is the attainment of economic efficiency, which subsumes technical efficiency, not seen as a 
paramount goal, that is maximising the sum of the present values of producer and consumer surpluses 
over time? Economists are bound to wonder why there is so much emphasis given to ensuring that stock 
biomass is above the biomass resulting in maximum sustainable yield. Only if effort costs and the real 
rate of discount were zero would this be of interest for attaining economic efficiency. It could be said that 
measuring economic efficiency requires acceptance of uncertain current and future estimates of new 
parameters (fish prices and effort costs) when already there is enough uncertainty about biological and 
harvesting parameters under the current system. However, this is not a compelling argument because the 
economic efficiency criterion leads to desirable biomass levels higher than for the maximum sustainable 
yield criterion, except for cases of very high real rates of discount being appropriate. 
 
For economic efficiency, weight must be given not only to the costs and benefits resulting from 
consumable catch, but also to the existence value of fish species and other non-fish species which may be 
threatened as a result of harvesting, such as dolphins and albatrosses. If recruitment is such that stocks are 
sustainable under harvesting, it is likely that the economically efficient harvesting strategy through time 
will be a sustainable strategy. If not, it may be economically efficient to cease harvesting at some point in 
time, and possibly harvest to extinction of the fish species, depending on existence values. 
 
What does ‘optimum utilization’ mean in the preamble to the Convention [4] where it says: 
 

Recognizing that, under the 1982 Convention and the Agreement, coastal States and States 
fishing in the region shall cooperate with a view to ensuring conservation and promoting the 
objective of optimum utilization of highly migratory fish stocks throughout their range, … 

 
Surely it has no meaning in the absence of a criterion? 
 
The Convention [4] does refer to many economic and social issues which should be taken into account in 
deciding regulatory measures, but with no indication of weighting. For example, the Contracting Parties 
in their preamble to the Convention include the following as justification for setting out the Convention: 
 

Recognizing the ecological and geographical vulnerability of the small island developing States, 
territories and possessions in the region, their economic and social dependence on highly 
migratory fish stocks, and their need for specific assistance, including financial, scientific and 
technological assistance, to allow them to participate effectively in the conservation, 
management and sustainable use of the highly migratory fish stocks, 
Further recognizing that smaller island developing States have unique needs which require 
special attention and consideration in the provision of financial, scientific and technological 
assistance, … 
 

Because the management of migratory and high seas fish stocks typically results in returns to more than 
one nation, the question arises as to whether returns should be differentially weighted by nation in 
determining joint returns. Should returns to the PINs be weighted more highly than returns to DWFNs? 
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Should the PINs as a bloc be encouraged to develop strategies to maximise their total access-fee income, 
on grounds of equity, or of evening the bargaining power between the PINs and the DWFNs?  
 
Reference has already been made to [1,2] on the scope for increasing the income the PINs receive from 
charging for access to their EEZs.  
Chand et al. and Petersen [6,7] also touch on this issue in relation to the western and central Pacific tuna 
stocks. They develop a model of the aggregate fishery in which aggregate catch is a function of industry 
capital stock, the total number of fishers, and steady-state stock. Steady-state stock is an increasing 
function of an institutional control variable, which could be a tax on harvest revenue. Individual fishers 
determine their capital level (effort) which maximizes their after-tax economic profit, assuming that 
individual effort has no significant impact on steady-state stock. Government exploits its knowledge of 
the fishers’ optimality condition on effort level, a function of the revenue tax rate, to set the tax rate to 
maximize its tax revenue. It is claimed that this results in maximization of long-term returns from the 
fishery. However, if government can increase the steady-state stock by increasing the tax rate, it is not 
clear that further intervention by government in setting the tax rate to maximize tax revenue increases 
long-term returns from the fishery. The tax instrument should just be used to obtain a real outcome (the 
optimal steady-state stock), and not also to manipulate tax revenue which is merely a transfer payment. 
 
Chand et al. and Perersen [6,7] also consider the possibility of the Commission setting a whole-region 
total allowable catch (WR-TAC). This differs from the Convention Area TAC (CA-TAC) contemplated 
by the Commission in ‘Conservation and Management Measures’ [5], in that their TAC would not specify 
where the fish could be caught, though some areas might be declared off limits, such as spawning 
grounds. The allocation of the WR-TAC to members of the Tuna Commission would be without charge, 
and based on coastal state rights and past catches of DWFNs. The allocated rights to tuna would be 
tradable. They recognise that the major difficulty in implementing their proposal would be gaining 
acceptance of the initial allocation of harvesting rights. They point out that the expected return for all 
parties from joining the multilateral agreement must exceed the payoff from not joining. The same 
reservations are expressed by the Commission in ‘Conservation and Management Measures’ [5] for 
implementation of the CA-TAC. 
 
Various issues on policy options have been raised. The apparent appropriateness of policies depends to 
some extent on the mental constructs and models of the biological, economic and social working of the 
whole western and central Pacific tuna fisheries. Modelling aspects are considered in the following 
section. 
 
MODELLING CONSIDERATIONS 
 
WR-TAC versus CA-TAC 
 
The proposal for a whole-region TAC [6,7] is based on an aggregate model with no spatial differentiation. 
This means that stock density and transport costs from trip origin to market destination are  the same 
throughout the region. In this context the net return from an additional unit of effort is the same anywhere 
in the region, whether part of an EEZ or the high seas. On grounds of economic efficiency, allocations of 
the WR-TAC would apply anywhere in the region. Economic efficiency would be maximized by making 
the allocations tradable. 
 
A consequence of the proposal would be that countries with EEZs would not be able to charge entry fees 
to their EEZs, otherwise fishing effort would switch to the high seas. The importance of considering the 
impact of policies on countries with EEZs is sufficiently well recognized in the Convention [4] that the 
Commission would compensate for lost access revenue with suitable allocation rights to the WR-TAC. 
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Of course all parts of the ocean are not homogeneous, so the proposal is based on a simplification. Under 
the CA-TAC, the Commission would presumably establish TACs for different sub regions of the CA. 
How would this be best done if economic efficiency were the criterion for the sub region TACs? They 
could be determined on the basis of the solution from a dynamic spatially disaggregated bioeconomic 
model maximizing the present value of social returns from fishing effort with respect to the locations of 
fishing effort.  
 
Strategic versus co-operative exploitation of fish stocks by DWFNs and PINs 
 
In the absence of a Commission with a mission to ensure co-operative outcomes, the PINs might consider 
a strategy for maximizing their joint income from charging the DWFNs fees for fishing access to their 
EEZs. They might act as a Stackleberg leader in setting a fee rate, having established the reaction of the 
DWFNs to fees set, in terms of the level of access they would take up within the EEZs of the PINs. This 
would be a similar process to that suggested by Chand et al., but here there is no suggestion that the 
outcome would be economically efficient. Again a dynamic spatially disaggregated bioeconomic model 
could be run iteratively to determine the optimal access fee for the PINs to charge, for each national fleet 
and gear type.  
 
Under a Commission the PINs might not be able to be members of the Commission if they overtly 
pursued such a strategy. However this is not clear given statements in the Convention [4] recognizing that 
special consideration be given to small island nations. Knowledge of Stackleberg fees might be used as a 
bargaining ploy for obtaining a greater share of any CA-TAC. 
 
A WESTERN AND CENTRAL PACIFIC OCEAN BIOECONOMIC TUNA  MODEL 
 
The spatially disaggregated bioeconomic model described by [1] for investigating optimal reductions in 
fishing effort by fleets across tuna species in the western and central Pacific Ocean has been updated for 
further explorations of policy relevant in the Commission era. Cost and price parameters have been 
updated [8]; and fleet coverage has been expanded, effort and stock exponents in Schaefer harvest 
functions have been estimated empirically and are not necessarily set to 1, and fishing effort is now split 
between effort within the FFA region and outside the FFA region [9].  
 
Effect of effort reduction across all fisheries on economic rents  
 
A paper was prepared by the Scientific Committee of the WCPFC in response to a resolution passed by 
the Commission requesting estimation of potential consequences of alternative management options for 
bigeye and yellowfin tuna based on projections from population models [10]. One of the options 
considered was a 30 per cent reduction in fishing effort of all fisheries from levels in 2003. The effect on 
the biomass and total catch level of yellowfin and bigeye, and whether fishing mortality (F) would be 
above FMSY and stock biomass (B) would be above BMSY, were reported.  

By way of complementary analysis, the results for economic rents from running the updated model for a 
30 per cent reduction in effort are briefly reported below. Fuller details are given in [9]  

The analysis is conducted under the assumption that prices remain constant across all levels of supply for 
all species and market destinations. Figure 3 shows the increase in rents in all fisheries as CPUE rises as a 
result of the reduced effort and increase in stocks. However, the gains are not consistent across fisheries, 
because the CPUE gains as effort is reduced vary across fisheries. The model predicts that the biggest 
increases in rents will be earned in the frozen longline fishery with an increase of some US$71 million, of 
which US$45 million will be earned outside of the “FFA region”. This increase in rents represents around 
11 per cent of the estimated ex-vessel value of the fishery after the effort reduction. The fresh longline 
fishery is predicted to see a US$14 million increase in rents, which also represents around 11 per cent of 
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the estimated ex-vessel value of the fishery after the effort reduction. In comparison the purse seine 
fishery is predicted to see a US$22 million increase in rents which represents an increase of only around 3 
per cent of the estimated ex-vessel value of the fishery after the effort reduction. Within the FFA region 
the predicted increase in rents in the purse seine fishery is some US$13 million or 2 per cent of the 
estimated ex-vessel value of the fishery after the effort reduction.  

 

Discussion 
 
The results of the analysis indicate that if an across the board effort reduction were implemented in the 
WCPO the total level of rent generated the WCPO tuna fishery as a whole is likely to increase but that the 
net benefits gained are likely to be disproportionately borne by particular fisheries and jurisdictions. The 
purse seine fishery within the waters of FFA members is likely to see the least proportionate gains, while 
the highseas frozen longline fishery is likely to see the largest net benefits from such an action. Actual 
outcomes are likely to be more detrimental to FFA member countries with a significant purse seine 
fishery in their waters than the analysis indicates as the model does not take into consideration the 
benefits gained from processing activities or employment associated with the purse seine fishery which 
are not associated with the highseas longline fishery. Given high levels of underutilisation of (non-tuna) 
resources, particularly labour, in Pacific Island countries the resources utilised in these activities are likely 
to have little or no opportunity costs associated with them. Further, the results of the modelling in terms 
of total bigeye catch reductions associated with the 30 per cent across the board effort reduction are 
substantially greater than the outcomes indicated by the Hampton et al. [10] analysis. If it is the case that 
WCPOBTM v2 overestimates the relative reduction in catch of bigeye it is likely that the beneficiaries of 
this will be the longline fisheries and that the estimated revenue reduction in this fishery will be 
overstated and, hence, the rent increases understated. 

These results in turn lead to the question of whether it is reasonable to expect one party or one group of 
parties to agree to measures that may have significant adverse economic consequences while other parties 
gain significant economic benefits without any form of compensation for the loss borne for the benefit of 
the other.  

The report of the Norway-FAO Expert Consultation on the Management of Shared Fish Stocks (FAO 
2002) noted that the Consultation emphasized among other things “that the sharing of the benefits from 
the fisheries should not be restricted to allocations of TACs, or the equivalent, to national fleets, and; that 
consideration should also be given to the use of what the Consultation referred to as “negotiation 
facilitators”, or “side payments”, such as quota trades, or mutual access arrangements. These would allow 
to broaden (sic) the scope for bargaining over allocations, assist in achieving compromises when there are 
differences in the management goals of cooperating States/entities, and enhance the flexibility and 
resilience of the cooperative arrangements over time.” 

The adoption of management measures by the WCPFC is likely to have substantially different economic 
outcomes for different fleets and Commission members. To overcome the difficulties inherent in 
obtaining agreement on implementing management measures members of the WCPFC will need to give 
serious consideration to the possibility of the use of “negotiation facilitators” or “side-payments” in order 
to ensure that the costs and benefits of any such management measures are borne equitably between 
members.    
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Figure 3. Change in fishery rent under a 30 per cent effort reduction 
 
 
 
CONCLUSIONS 
 
It has been argued that the current references in the Convention [4] to economic considerations in 
determining policy measures should be made more explicit and be given a higher profile. Economic 
efficiency, taking account of biological and technical considerations, should be at least one of the criteria 
for policy evaluation. The reason is simply that the fishing activity within the Convention Area is an 
economic activity. 
 
Statements by the Commission suggest that in the longer run Convention Area total allowable catches (or 
total allowable effort) are likely to be imposed for EEZ and high-seas sub regions. The role of 
bioeconomic optimizing models in helping to determine these has been canvassed. They are important for 
indicating which harvesting parties gain and which lose from the introduction of new measures, and thus 
can contribute to the determination of total allowable catch allocations.  
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