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Blue marble

Most of the Earth’s surface is ocean.

Taken by the crew of Apollo 17, 7 December 1972. 



Many states



Rachel Carson
“Although man’s record as a steward 
of the natural resources of the earth 
has been a discouraging one, there has 
long been a certain comfort in the 
belief that the sea, at least, was 
inviolate, beyond man’s ability to 
change and to despoil. But this belief, 
unfortunately, has proved to be naïve.”

Preface to the revised edition of The 
Sea Around Us, 1961.



Property rights

Ocean governance today

Exclusive Economic Zones (EEZs) were  
established in the 1970s and make up 
about 40 percent of the Earth’s surface.

EEZs established in customary 
international law.

About 17 Regional fisheries management 
organizations (RFMOs) cover most of the 

ocean.

RFMOs established in treaty law.

Cooperative arrangements



Treaty vs. customary law

Treaty Custom

Participation Voluntary Universal*

Type Formal/
negotiated

Informal/
spontaneous

*Applies to all countries that have not objected to them at the time of their creation. The exception are the peremptory norms that are 
considered to be jus cogens. These customary laws apply universally.



A treaty that worked



North Pacific fur seal



Migratory patterns



allows efficient management

Sole ownership



Open access

can ruin a fishery



US claimed a right to
“its” fur seals anywhere

US acquired Pribilofs 
in 1867, and granted 

a monopoly to the 
Alaska Commercial 
Company, assuring 

the sole owner 
solution. 

However, not long 
afterwards, Canadian 

schoolers began 
harvesting seals at 

sea. The US declared 
such catches to be 
illegal, and began 

seizing vessels.

Britain and the US let 
their dispute be 
settled by an 
arbitration tribunal.  

The tribunal ruled that 
US jurisdiction was 
limited to the cannon 
shot rule.

However, it also 
recommended 
regulations that 
restricted harvesting 
at sea.



Multilateral success
• Bilateral agreements to limit harvests failed.

• When US and Britain entered into an agreement, 
Canadian vessels moved to other breeding grounds, 
and Japanese vessels to the Pribilofs.

• Towards the end of the 19th century, 
extinction appeared likely.

• Treaty of 1911 changed everything.

• By 1917, the herd had tripled in size.

• By 1940, the population recovered to its pre-
pelagic-sealing size, 2 million.



Why? 

Treaty changed the rules 
of the game.



How?

1.Achieved sole owner solution.

2. Side payments ensured that every party 
got something. 

3. Enforced participation.

4. Enforced compliance.

5.Deterred entry.



“This convention is a conservation measure of very 
great importance, and if it is carried out in the spirit 
of reciprocal concession and advantage upon which it 
is based, there is every reason to believe that not only 
will it result in preserving the furseal herds of the 
north Pacific Ocean and restoring them to their 
former value for the purposes of commerce, but also 
that it will afford a permanently satisfactory 
settlement of a question the only other solution of 
which seemed to be the total destruction of the fur 
seals. In another aspect, also, this convention is of 
importance in that it furnishes an illustration of the 
feasibility of securing a general international game law 
for the protection of other mammals of the sea, the 
preservation of which is of importance to all the 
nations of the world.”

State of the Union address, 5 December 1911



Property rights vs. 
cooperative agreements
• The agreement was needed because the 

tribunal ruled out a property rights solution.

• By deterring entry, the agreement converted 
an open access resource into common 
property shared by just four countries.

• However, this agreement stands out as an 
exception. 



A radical change in 
property rights



Establishment of the EEZ

200-mile
limit

New 
claims 

relative to 
three-mile 
territorial 
sea that 
existed 

since the 
late 18th
century.



Establishment of the EEZ

200-mile
limit

LOS 
adopted

LOS 
Enters 
into 
force 
1994



Customary international law

• Two requirements:

1. A behavioral regularity.

2. A belief in legal obligation or right.

Examples:

• States are free to join treaties or not as they 
please.

• Treaties are to be kept.



How to model creation 
of the EEZs?

• Fisheries are spatially situated in relation to 
states; new variable, distance.

• Three kinds of fishery—nearshore, offshore, 
and highly migratory.

• Solve for equilibrium property rights in 
customary law, and juxtapose this with the 
outcome that would arise were countries to 
act independently (Nash equilibrium).

Scott Barrett, “Property Rights to the World’s (Linear) Ocean Fisheries in Customary International 
Law,” Journal of the Association of Environmental and Resource Economists 11(3): 689-718, 2024.



The world is complicated



Theory provides a helpful misrepresentation
of reality

Harry Beck’s 1933 design made it easier to see how to get from point A to point B.



The ocean
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Figure 3. The “Hub and Spoke” Ocean

n countries represented by “home ports” 
located equidistantly on circle. The length of 
each “spoke” is 𝑙 = 𝐿/𝑛

Ocean a line of length 
𝐿, set within a circle.



The three fisheries
n = 4

Highly migratory Offshore Nearshore

Fish are distributed uniformly on the line.

a. Highly Migratory Fishery

%

c. Nearshore Fisheryb. Offshore Fishery
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Figure 4. Three Linear Fisheries



Pacific bluefin
Highly migratory

Data from 143 fish by month.

Boustany et al. (2010).

Atlantic cod
Nearshore

Sundby (2000).
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Offshore
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EEZ given
Figures drawn from Country 1’s perspective

Highly migratory Offshore Nearshore

EEZ

a. Highly Migratory Fishery c. Nearshore Fisheryb. Offshore Fishery

High Seas

Circle of 
radius % − '

High Seas

Circle of 
radius % − '

High Seas

Circle of 
Radius % − '

EEZ
EEZ

Figure 5. EEZs in the Three Linear Fisheries

To fish, a fleet travels from its homeport in the direction of the center of the circle; from there, it 
might also travel along any of the other rays or “spokes” available to it. 

The fleet returns the way it came to offload.



Choosing property rights

• Default: Countries choose independently 
(Nash).

• Alternative: Customary law.



Customary law vs. Nash
Nash Custom

Highly migratory no high seas no EEZ

Offshore no high seas no EEZ

Nearshore
EEZ big enough 
to deter entry by 

foreign fleets

EEZ big enough 
to deter entry 

by foreign fleets
A Theory of Customary International Law 

Jack L. Goldsmitht 
Eric A. Posnertt 

This Article presents a theory of customary international law ("CIL") that seeks to re- 
solve the many well-known difficulties with standard accounts of CIL. The theory uses 
simple game theoretical concepts to explain how CIL arises, why nations "comply" with CIL 
as commonly understood, and how CIL changes. This theory rejects the usual explanations 
of CIL based on opinio juris, legality, morality, and related concepts. States do not comply 
with norms of CIL because of a sense of moral or legal obligation; rather, their compliance 
and the norms themselves emerge from the states' pursuit of self-interested policies on the 
international stage. In addition, the behaviors associated with CIL do not reflect a single, 
unitary logic. Instead, they reflect various and importantly different logical structures 
played out in discrete, historically contingent contexts. Finally, the theory is skeptical of the 
existence of multilateral behavioral regularities that are typically thought to constitute CIL. 

The Article tests the theory using case studies from three traditional areas of CIL 
neutrality, diplomatic immunity, and maritime jurisdiction. The authors find that most 
rules of CIL reflect pure coincidence of interest, rather than international cooperation, and 
that the rest are best explained as the outcome of repeated bilateral prisoner's dilemmas or 
coercion analogous to the behavior of the monopolist in predatory pricing games. The Arti- 
cle concludes by examining the implications of this analysis for understanding the role of 
CIL in domestic constitutional arrangements, the function of international treaties and in- 
ternational organizations, and the status of modern international human rights law. 

Customary international law ("CIL") is one of two primary 
forms of international law, the other being the treaty. CIL is typi- 
cally defined as a "general and consistent practice of states fol- 
lowed by them from a sense of legal obligation."'l Conventional 
wisdom views CIL as a unitary phenomenon that pervades inter- 
national relations. Governments take care to comply with CIL 
and incorporate its norms into domestic statutes. National courts 
apply CIL as a rule of decision, or a defense, or a canon of statu- 
tory construction. Nations argue about whether certain acts vio- 
late CIL. Violations of CIL are grounds for war or international 
claims. Legal commentators view CIL to be at the core of the 
study of international law. 

t Professor of Law, The University of Chicago. 
tt Professor of Law, The University of Chicago. Thanks to Jaqueline Bhabha, John 

Bolton, Curtis Bradley, Richard Epstein, David Fidler, Robert Keohane, Tracey Meares, 
Jerry Menikoff, Richard Ross, Peter Spiro, Paul Stephan, Cass Sunstein, Doug Sylvester, 
Carlos Vasquez, Adrian Vermeule, Tim Wu, and participants at workshops at the George- 
town Law Center, Kansas University Law School, Loyola University New Orleans School 
of Law, and the University of Chicago Law School for comments, and to Christopher 
Chow, Kyle Gehrmann, and Kathryn Walsh for research assistance. 

' Restatement (Third) of the Foreign Relations Law of the United States ? 102(2) (ALI 
1987) ("Restatement (Third)"). 
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An earlier 
claim

Line 
establishe
d by the 
Treaty of 
Tordesillas 
in 1494

Line 
established 
by the 
Treaty of 
Saragossa 
in 1529

The alternative rule of 
mare liberum was 
proposed by Hugo Grotius 
in the early 17th century, 
just as international law 
was developing.



How to know if custom differs from Nash?
NW Atlantic nearshore 
fishery
extends beyond 200-miles 
in the “Nose” and “Tail” (and 
Flemish Cap).

If the EEZ reflected Nash 
behavior, Canada would 
claim sovereignty over 
these areas.

And, yet, it doesn’t…

A Parliamentary committee 
said it shouldn’t because 
other countries wouldn’t 
countenance such a move.



Why a 200-mile EEZ?

• No good reason!

• In model, the EEZ must only be “big 
enough.”

• How and why did the world choose 200 
miles? 



US got the 
ball rolling
• Truman Proclamation of 1945, asserted a right by the 

US to establish fisheries conservation zones “in those 
areas of the high seas contiguous to [its] coasts,” due to 
a concern about ”the inadequacy of present 
arrangements for the protection and perpetuation of the 
fishery resources” in these seas.

• Recognized “the right of any State to establish 
conservation zones off its shores in accordance with” 
the same principles—as would be required if the 
right was to be established in customary law.



Chile first to declare

• In 1947, Chile declares a 200-mile zone.

• Case for the zone put to the president by a 
Chilean whaling company. The company only 
wanted a 50-mile zone, but its legal counsel said 
any claim would have to be grounded in 
precedent. The precedent they found suggested 
200 miles.



1939 Declaration of Panama
• State Department drew 300-

mile security zone.

• Roosevelt made this 300-500 m.

• Declaration only showed 
coordinates. 

• Company used 
a map 
incorrectly 
showing 200 m.

• President of 
Chile accepted 
this without 
fact-checking.



Timing?

In model, two parameters changed:

𝑛 tripled from 1945 to 1978. 

𝛼 increased. New fleets could 
operate farther from home; new gear 
increased catch per unit of effort.Membership in the United Nations and Its Specialized Agencies 
 

Congressional Research Service 3 

Figure 1. U.N. Membership Growth, 1945–Present 

 
Source: United Nations, adapted by CRS. 

A key area of ongoing debate regarding U.N. membership is the organization’s possible role in 
determining statehood. By international practice, a state is generally understood to be “an entity 
that has a defined territory and a permanent population, under the control of its own government, 
and that engages in, or has the capacity to engage in, formal relations with other such entities.”7 
On the one hand, the United Nations—as an organization of independent states—does not 
recognize states; rather, states recognize states. As such, many experts and observers, including 
the United Nations itself, argue that the organization does not have the authority to recognize 
either a state or government.8 

On the other hand, many analysts agree that U.N. membership is an acknowledgement by U.N. 
members that an entity has satisfied the requirements of statehood. It provides governments with 
legitimacy, not only internationally, but also domestically. For many countries, membership in the 
United Nations provides an equal voice in U.N. bodies like the General Assembly, an 
international platform to advocate and pursue national and foreign policy objectives, and the 
opportunity to receive or provide technical or development assistance through multilateral 
mechanisms. Consequently, obtaining U.N. membership is often a priority for new countries, 
territories, organizations, or entities (hereinafter referred to as “entities” for the purpose of this 
report) aiming to obtain statehood.9 

                                                 
7 The Montevideo Convention on the Rights and Duties of States. The Convention’s definition of statehood is widely 
cited by international law experts. The treaty was adopted at the International Conference of American States in 
Montevideo, Uruguay on December 26, 1933. The United States ratified the Convention on June 29, 1934. For further 
discussion of statehood issues, see Thomas D. Grant, “Defining Statehood: The Montevideo Convention and its 
Discontents,” Columbia Journal of Transnational Law, vol. 37 (1998), pp. 403-453. Also see, James R. Crawford, The 
Creation of States in International Law (London: Oxford University Press, 2007). 
8 United Nations website, “About U.N. Membership,” at http://www.un.org/en/members/about.shtml.  
9 Connie L. McNeely, Constructing the Nation State - International Organization and Prescriptive Action (Westport, 
CT: Greenwood Press, 1995). 

WWII revealed the 
abundance of resources 
offshore, and made states 
want to keep what had 
just been revealed.



Scope of EEZ?
Species vs. zonal approach

Species Zonal

EEZ 
Scope

Highly migratory 
species common 
property throughout 
their range

All fish in EEZs 
belong to coastal 
state.

Favored 
by Distant water states Coastal states



Tuna Wars
In Eastern Tropical 

Pacific, coastal 
states would 

capture and fine US 
vessels. The US 

government would 
pay the fine.

Both acted in 
accordance with 
their respective 

interpretations of 
custom.

Over time, US fleet moved to Central and Western Pacific. 
There, the EEZs were even more important.



Purse Seine Tuna Catch in the Pacific, 2016-2020 
Source: Hare et al. (2022), Figure 5, p. 41.



Tuna Wars

US signs 
Tuna Treaty 

in 1987.

US 
amends 
own law in 
1991.

Resolved scope of EEZ



Proposal
Global Ocean 
Commission (2014)/
White & Costello (2014)

Ban high seas 
fishing

Hannesson (2011) Nationalize the 
high seas

Two radical proposals

My research support’s neither proposal.



A different solution

From the perspective of “states of origin,” ban on high seas fishing 
may be a second best approach to exclude distant water fleets.



10 ADJACENCY

Case study 3: Pacific salmon

For millennia Indigenous Peoples have relied 
on the harvest of wild salmon populations, 
enabling food security and the development 
of indigenous culture and settlements 
along the Pacific coast of North America 
(Ames 2003; Lepofsky et al., 2005). Today, 
Indigenous Peoples have modernized some of 
their harvesting techniques, yet their reliance 
on salmon populations remains unaltered. 
Indigenous communities on the west coast of 
North America, including those on connected 
river basins hundreds of kilometers inland, 
rely strongly on the diversity and abundance 
of North Pacific salmon (Nesbit & Moore 
2016), which is in turn are highly affected by 
the management measures taken across their 
life histories and distributions. 

Migrations of Pacific salmon (Oncorhynchus 
spp) link the High Seas with coastal ecosystems 
and indigenous communities. The native 
range of Pacific salmon encompasses the 
North Pacific Ocean and coastal ecosystems 
of eastern Asia and western North America. 
Salmon reproduce in rivers and lakes, 
sometimes at distances over 1000 km inland. 
They rear in freshwater for up to several 
years then undergo migrations to feed in 
the ocean. Ocean migrations are extensive, 
sometimes exceeding 10000 km between 
natal streams, the High Seas, and back. Asian 
and North American salmon populations 
mingle in the High Seas. After feeding and 
growing for up to several years in the ocean, 
salmon complete their life cycle by returning 
to natal streams and lakes to spawn and die.

The long-distance migrations of salmon 
expose them to capture in diverse fisheries, 
including in-river, coastal, and High Seas 
fisheries. High Seas fisheries are governed 
by the North Pacific Anadromous Fisheries 
Commission (NPAFC) whose member nations 
include Canada, Japan, Republic of Korea, 
Russian Federation, and USA. Since 1992, directed fishing on salmon in the High Seas has been prohibited. 
However, enforcement over the vast North Pacific convention area is difficult. Beyond monitoring, there is a 
need for cooperative governance of other aspects of fisheries management (e.g., release of hatchery salmon) 
that influence feedbacks between the productivity of the High Seas commons and indigenous salmon fisheries 
(Peterman et al. 2012).

This conception of the prioritization of coastal States’ interest in the management and conservation of 
anadromous species in adjacent areas is in line with how we view adjacency from a legal and ecological 
standpoint.  However, lack of consultation with IPLCs weakens the claim by coastal States for priority in the 
management of the Bering Sea Donut Hole and other adjacent areas. 

Figure 2: Migratory movement patterns of three species of salmon 
across the North Pacific Ocean tagged in ABNJ and recaptured within 
the EEZs of the U.S., Canada, the Russian Federation, Japan & South 
Korea, where they are harvested by different coastal Indigenous 
Communities. A. Pink salmon (Oncorhynchus gorbuscha). B. Chum 
salmon (Oncorhynchus keta). C. Sockeye salmon (Oncorhynchus nerka).
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North Pacific 
Salmon
• LOS says that “states of 

origin” have a “primary 
interest in and responsibility 
for [anadromous stocks].”

• States of origin may fish for 
salmon “only in waters 
landward of the outer limits 
of the [EEZs].”

• This has become a ban on 
high seas fishing.*

*A primary aim of the Convention for the Conservation of Anadromous Stocks is 
to enforce the high seas ban.

LOS creates a property right 
that the Arbitrational Tribunal 
of 1892 rejected.



Summary
• There are two ways to limit overfishing: treaties and 

property rights arrangements in customary law.

• The NPFST achieves an outcome like the sole owner, but 
the conditions that enable this rarely exist. 

• Property rights arrangements can also help, especially for 
near-shore fisheries, but this solution is also limited. 

• My research does not support proposals to extend the 
existing EEZs or to close the high seas.

• More effort needs to go into improving the design of 
cooperative agreements.



Related issues

• Marine Protected Areas

• Climate change



Marine Protected Areas
Agreement on the 
Conservation and Sustainable 
Use of Marine Biological 
Diversity of Areas Beyond 
National Jurisdiction adopted 
June 2023.

May establish MPAs, but 
parties may “object” and 
decisions by parties do not 
apply to non-parties.

Ross Sea MPA established by parties to the 
Convention for the Conservation of Antarctic 
Marine Living Resources.  To last 35 years. 
Fishing displaced by this MPA to be 
redistributed to other areas, including areas 
that currently have zero catch limit.



Closure of high seas “pockets”

Source:	Sibert	et	al.	(2012),	Fig.	1.

The WCPFC 
closed high 

seas pockets I 
in 2010.

Analysis by 
Sibert et al. 

(2012) shows 
that fishing 

effort increased 
10% and was 

deployed in 
adjacent EEZs

Modeling 
shows spatial 
measures 
alone are not 
generally 
effective, but 
can be if taken 
along with 
other 
measures.

Not a panacea.



Shifting baselines

Some states like 
Tuvalu, Tokelau, 
and the Marshall 

Islands disappear.

High seas pockets 
disappear into the 

high seas.
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Figure 1.3 Map of the EEZs in the core study region and the adjacent jurisdictions.Core 
jurisdictions countries and overseas territories are differentiated in the legend. Note the 
presence of five high seas pockets (i.e. white areas surrounded by EEZs) in the study region. 
The least visible one is the one located north of Palau.   

 The earliest European empirical knowledge of Oceania dates to the end of November 1520 

when Portuguese explorer Ferdinand Magellan and his fleet crossed the southern straits of 

South America – now known as the Strait of Magellan – and sailed from the Atlantic into the 

Pacific Ocean (Matsuda, 2012). Europeans were not the first to navigate the Pacific. They 

were predated by Austronesian and later Polynesian navigators whose open-ocean sailing 

talents led them to colonize most of the islands of  Oceania approximately two millennia 

earlier (Matsuda, 2006; Horridge, 2006). Since Magellan first sailed the Pacific, European 

powers have exerted great influence over the fate of indigenous populations. Islands were 

colonized by the British, French, Spanish, Dutch, Germans, Americans, and Japanese. Even 

since the independence of the majority of island colonies at the end of the 20th century, Pacific 

states are generally portrayed as poor and dependent on international aid and support 

(Matsuda, 2006).  

This dynamic of dependency was deconstructed in a thought provoking analysis by Tongan 

writer and scholar Epeli Hau’ofa (Hau'ofa, 1993). In an article titled “Our Sea of Islands”, 

Hau’ofa argues that Pacific island countries are conceived of as small, poor, isolated, and 

dependent not because of their remoteness or small land surface, but because European 

colonial history. He writes: “Nineteenth century imperialism erected boundaries that led to the 

72 

 

 
Figure 4.14 Map showing the change in high seas area and shape for scenario 3. When 
compared to the original area, an increase of 10,758,000 km2 in high seas area took place in 
scenario 3. This resulted in high seas pockets 2, 3 and 5 on the map to be dissolved back with 
the greater global high seas area.    
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Figure 4.8 Aggregated results in percentage change from original EEZ area for all scenarios 
in all 20 jurisdictions of the study region. Jurisdictions are ordered from largest proportional 
increase (top) to largest decrease (bottom) for scenario 3.  

 Besides a decrease in EEZ area, a change in maritime boundaries connectivity between 

jurisdictions was also observed. As connectivity decreased in the study region, the 

connectivity of the high seas increased. Increase in high seas connectivity means that high 

Will rules remain unchanged and 
EEZs change as baselines 
change due to SLR?

Will EEZs remain fixed even as 
baselines change?

What happens if a state 
disappears?

Westerveld (2020).

Assumes at-risk 
features 
disappear.
No specific SLR 
prediction.



Shifting stocks

Climate change is causing stocks to move.

The most pronounced moves are from EEZs to high seas and from the Central and Western Pacific to the 
Eastern Pacific Ocean.

Bell et al. (2021).
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(range = +7% to +34%), that is, 84,000 tonnes (range = +32,000  
to +154,000 tonnes) (Table 1, Fig. 3b and Supplementary  
Tables 13 and 14).

Effects on tuna-dependent economies
The estimated changes in purse-seine catch under RCP 8.5 could 
reduce total annual fishing access fees earned by the ten Pacific 
SIDS by an average of US$90 million (range = –US$40 million to 
−US$140 million) per year compared with the average annual rev-
enue received between 2015 and 2018 (Table 2 and Supplementary 
Table 15). Losses in access fees are estimated to occur in all ten 
Pacific SIDS under RCP 8.5, and reduce total government revenue 
by up to 13% (range = −8% to −17%) for individual Pacific SIDS, by 
2050 (Table 2 and Supplementary Table 15).

Under RCP 4.5, the average change in access fees for all ten Pacific 
SIDS represents a loss of US$12 million (range = −US$54 million to 
+US$48 million) per year (Table 2 and Supplementary Table 16). 
Due to the more-limited loss of access fees under RCP 4.5, total 
government revenue in 2050 is estimated to decrease by an aver-
age of 1% or less in only three of the ten Pacific SIDS (Table 2 and 
Supplementary Table 16).

The estimates of reduced access fees, and flow-on losses in 
government revenue, due to climate-driven redistribution of tuna 
include a number of assumptions (Methods) but, overall, are proba-
bly conservative because they do not account for the control that the 
ten Pacific SIDS exert in the marketplace. At present, these Pacific 
SIDS command high access fees because ~90% of the catch from 
the purse-seine fishing grounds within the Pacific Island region 

of the WCPO comes from their combined EEZs (Supplementary 
Note 1). However, if there is substantial movement of fish from the 
EEZs to high-seas areas, the ten Pacific SIDS would be unlikely to 
obtain the same daily rates for fees. Any such effects are also likely 
to occur to some extent under RCP 4.5, which is projected to reduce 
catches in the combined EEZs of the ten Pacific SIDS by ~50,000 
tonnes and increase catches in high-seas areas by more than 100,000  
tonnes (Table 1).

Even at conservative levels, the estimated losses in fishing  
access fees are expected to have substantial implications for  
economic development. They would coincide with the need 
for increased financial resources and flexibility to adapt to  
climate change, including sustained government facilitation 
of community-based initiatives18. The projected reductions in  
tuna biomass and catch are also expected to affect the ability of  
many of the ten Pacific SIDS to harmonize the employment, 
value-adding and food security goals of the Roadmap3 and achieve 
sustainable development19,20. With a lower biomass of tuna within 
their EEZs, several of the ten Pacific SIDS may need to use a 
greater proportion of their tuna resources for local consump-
tion2, further limiting the scope for earning access fees and poten-
tially reducing the supply of tuna that supports employment in  
national canneries.

Implications for fisheries management
The projected climate-driven redistribution of tuna biomass and 
purse-seine catches also has potential implications for sustainable 
management of the world’s largest tuna fishery. In a scenario where 
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Fig. 2 | Projected effects of climate change on the distributions of the three tuna species caught by purse-seine fishing in the Pacific Ocean. Average 
biomass distributions (kg!km–2) of skipjack, yellowfin and bigeye tuna in the Pacific Ocean basin for 2015 (2011−2020) (top row) and mean anomalies 
(kg!km–2) from the average 2015 biomass distribution of each tuna species projected to occur by 2050 (2044−2053) under two emissions scenarios, 
RCP 8.5 (middle row) and RCP 4.5 (bottom row). Shading indicates areas where projections from all four ESMs (Methods) agree in the sign of change, 
excluding near-zero changes (white zones).
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Final comment on 
climate change

• CO2 is like DDT. It spreads everywhere 
and persists.

• However, DDT has a short half-life; in 
human mother’s milk, about 5 years. US 
banned DDT in 1972, and bald eagles 
showed signs of recovery as soon as 1974.

• CO2 is more like a forever problem.


