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severe undernourishment. China, Indonesiajetric tons) and has low undernourishment(low, moderate, and high) to be net exporters,
Vietnam, Thailand, Taiwan, India, and Myan- In Africa, severely undernourishede.g., Vietnam, Chile, and Norway.
mar are large net exporters (>300,000 metriegions, e.g., Namibia and Senegal, are net These data highlight the bene ts of the
tons) and, with the exception of Taiwan (forexporters, but moderately undernourishegeafood trade but also seafood’s precarious
which data are unavailable), have moderategions are netimporters, e.g., Nigeria (see thele in contributing to food security. Weak
to high undernourishment. China illustratesable). Small amounts of exports from Africagovernance threatens countries’ abilities to
the potential for aquaculture to contribute t@lso re ect access agreements between coursnsume seafood domestically or export it
food security by expanding export-orientedries in West Africa and other regions (mosthand use the trade system to purchase other
and domestically consumed aquaculturéeurope and Asia) to exploit their offshore shfoods. Because much of the world’s seafood
This growth contributed to China’s recentstocks. These landings are counted neither pgoduction comes from regions with weak
substantial reduction in undernourishmenifrican production nor as African exports,governance, improved governance is essen-
(12). Ninety-two percent of global animal although they come from African waters. tial to sustain or increase seafood’s contribu-
aquaculture production occurs in developing The United States and European Uniotion to food security.
countries, of which 31% is carp that is mostlgountries are well nourished and among the Two very different histories of sh produc-
grown in small Chinese facilities for domes4argest net importers. In contrast, large-scat&on in Chile and Mexico illustrate the impor-
tic consumption 13). In contrast, Japan is aquaculture production creates opportunitiesnce of effective governance. Chile's rugged
the world's largest net importer (3.82 millionfor countries with all levels of nourishmentcoastline is well suited to salmon farming.
Salmon production has
been primarily an indirect
source of food through
earnings and employ-
ment. Global trade and
lax environmental regula-
tions in Chile facilitated
rapid expansion of salmon
farming, but currently the
industry is experiencing its
worst disease crisis ever,
an outbreak of infectious
salmon anemia. Although
670,000 metric tons were
produced in 2008, the pre-
diction is that Chile will
0 5 10 15 25 50 180 prOduce less than 100,000
Per capita consumption metric tons in 2010. The
(kg/person per year) outbreak has been attrib-
uted to institutional fail-
ure to react to known risks
from lake-based smolt
production and unvacci-
nated sh (@4). Chile’s cri-
sis tells a cautionary tale
about expanding aquacul-
ture production without
effective institutions to
protect the environment.
The spiny lobster sh-
ery (Panulirus interrup-
tus) along the central west
coast of the Baja Califor-
ND20 10 o 10 20 nia peninsula is the larg-
Governance effectiveness est lobster shery in Mex-
ico, with ~1600 metric
ND <5% 5-15% >15%
Percent undernourishment tons CapturEd every year.

Seafood consumption, governance, and undernourishm@op Apparent per capita edible seafood consumption (20’(\)lén%ty percent of the catch

2005 average kg per year in live weight equivalent) from FAO FisiS)aBelibte(seafood is from sheries and aquacul Or qurted_ _llve’ and the
used for human consumption. Apparent consumption is calculated for each nation by adding total seafood prodﬁ;é{?&ﬁttbstg{é"cal for !ocal

imports and subtracting total exports. Per capita consumption divides apparent consumption [Bqmpigioverhance IVelihoods and quality of
by nation is the average of four World Bank indicators (each with a score of —2.5 to 2.5 and averaged for 2003 to 2006¢-rdid&igaa/e 500 sher-
control of corruption, governmental effectiveness, and regulatoryt Hualinglérnourishment categories by nation are FA®R organized into nine
average percentage of the population that is undernourished for 200318).2005 ( fishing cooperatives har-
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vesting the resource. Strong comanagement
by cooperatives and the federal government
has kept the Mexican Baja California lobster
fishery from overexpanding to increase short-
term export earnings at the expense of future
resource availability (75).

What policy initiatives can create incen-
tives for better governance and enhance sea-
food’s role in food security? Developing
countries rely heavily on common property
resource management, in which communities
organize themselves to solve the commons
problem (16, 17). These institutions may
fail during rapid change (e.g., new technol-
ogy) or if they are not buffered from exter-
nal forces (e.g., international trade) (18—20).
Thus, developing countries are in a quan-
dary with respect to seafood exports; exist-
ing common property institutions are threat-
ened by export-oriented seafood production,
and robust rights-based institutions generally
require effective governance. Given the high
tradability of seafood, trade policy is a natural
consideration, and import tariffs theoretically
can promote renewable resource sustainabil-
ity (21). But seafood tariffs are likely to vio-

late World Trade Organization (WTO) rules,
reduce short-term trade, and fail to differen-
tiate among well-managed and poorly man-
aged fisheries and aquaculture operations.
In contrast, private initiatives such as ecola-
beling, third-party certification, and direct
sourcing have the potential to differentiate
among seafood suppliers. Success of these
voluntary initiatives may require that con-
sumers are willing to pay a premium for sus-
tainability to cover the costs of investment in
sustainable governance (e.g., management),
equipment (e.g., fishing gear), and infrastruc-
ture (e.g., traceability systems). Whether
consumers actually will pay this premium is
an open question, which suggests that other
funding sources such as direct foreign aid,
may be necessary. Aid providers would need
to coordinate with WTO to ensure that recipi-
ents are not accused of dumping seafood on
the global market.

Natural resource prices fail to reflect
the cost of sustainability in many countries
(22). In the short run, as producers transi-
tion toward environmental stewardship,
prices rise for products like shrimp, lobster,

TRENDS BY CONTINENT

Continent level of

Percent of world Seafood net exports

Seafood consumption Pop. weighted

undernourishment population (metric tons/year) (kg/person per year) avg. governance
World
Low 29.3 —-7,838,123 21.72 0.63
Moderate 31.1 3,387,403 20.05 -0.40
High 37.9 3,182,602 9.03 -0.51
Africa
Low 3.1 73,540 11.09 -0.13
Moderate 3.7 —-935,520 10.71 —-0.87
High 7.1 289,134 5.57 -0.93
Asia
Low 6.6 —5,462,261 31.89 0.32
Moderate 22.4 3,858,470 24.21 -0.36
High 30.0 2,912,576 9.95 -0.41
Europe
Low 11.3 —2,376,047 20.09 0.68
Moderate 0.0 0
High 0.0 0
North America
Low 7.0 —2,190,357 20.54 1.17
Moderate 0.3 -51,508 9.48 —-0.28
High 0.6 -11,711 5.22 -0.73
Oceania
Low 0.4 90,891 25.69 1.79
Moderate 0.0 91,751 34.14 -0.77
High 0.0 0
South America
Low 0.9 2,026,111 11.07 0.07
Moderate 4.7 424,210 8.16 -0.19
High 0.1 -7,397 1.61 —-0.58

Relation of exports, undernourishment, seafood consumption, and governance. Data were obtained as
described in the figure legend. Low, moderate, and high refer to population-weighted averages of country-
level undernourishment status. They indicate, for each continent, the proportion of the population that lives
in countries where <5%, 5 to 15%, and >15%, respectively, of that country’s population is undernourished.
Undernourishment data are unavailable for countries representing <3% of the population of each continent,
with the exception of Oceania (for which 20% of the population lives in countries without data).

and salmon. But over the longer term, pro-
ducers and consumers are better off because
seafood supplies and livelihoods are sustain-
able. Price increases that reward sustainabil-
ity may also raise prices of low-valued sea-
food, displacing fish protein from diets of the
poorest of the poor in the short term. That
is, when the price of the high-value product
increases, demand for a substitute low-value
product increases, raising its price. Research
is needed to determine whether these price
increases are large enough to warrant a pol-
icy intervention such as direct aid. Finally,
bilateral trade between developed and devel-
oping countries highlights the importance of
governance in developed countries as well.
Developing countries import low-valued
seafood for consumption, as well as high-
valued seafood for processing, from devel-
oped countries. Sustaining these contribu-
tions to consumption and livelihood requires
that developed countries also govern their
resources effectively.
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Fig. S1. Real unit prices of internationally traded seafood by country group. Average
price per kilogram, in 2005 constant US$ (adjusted by the U.S. GDP deflator), of
aggregated seafood imports and exports for developing and developed countries (S1, S2).
Exports of seafood by developing countries have a higher unit value than imports,
providing trade benefits to that country group. Real prices of developing country imports
are also trending down, which suggests that low-value fish protein is becoming more
affordable. Both import and export quantities are large, which suggests that developing
countries purchase low-valued seafood with export earnings and have surplus earnings
available for other uses. By comparison, developed countries are importing higher-valued
seafood than they are exporting.
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Table S1. Data in support of Fig. S1.

Developed countries

Export Import

Quantity Value Quantity Value

(metric (1000s (metric (1000s
Year tons) Uu.s.$) tons) Uus.$)
1976 5396759 5036248 6470340 7656728
1977 5390986 5963827 6512025 9088283
1978 5823976 7250999 6859194 10904221
1979 6397340 8595993 7550977 13641911
1980 6577464 9368233 7508807 13772382
1981 6679226 9421247 7356125 14081536
1982 6746574 8925249 7874778 14302788
1983 7424729 9191038 8150430 14692326
1984 7970442 9126619 8813388 14867259
1985 8531175 9747245 10205141 16277402
1986 9104815 12657776 10515834 21333173
1987 9331155 15410922 11188381 26988998
1988 10170206 17349376 11884138 30830031
1989 9499902 17236566 12521374 31038946
1990 9865868 20323353 12694640 34675470
1991 9458519 21372180 12421755 37649722
1992 9605105 22026406 12304896 38880155
1993 10633697 21418697 13070393 38339161
1994 11613845 23943528 15357996 44078537
1995 11518376 25789479 15546247 48193602
1996 12353245 26987283 15536906 48335392
1997 12806732 26143116 16479734 47531050
1998 12281788 26277042 16289806 47712111
1999 12520515 27765150 16810752 49544459
2000 13156786 27528355 17666415 50602212
2001 13939186 27972822 18701116 49638499
2002 13890273 29766633 18630451 50855239
2003 14205156 33151718 18863674 55899203
2004 14608611 36955494 19108616 61943487
2005 14918124 40550453 19581915 66165247
2006 14710903 43814801 19630365 72655621
2007 14870371 48619456 19974834 78244752



Table S2. Data in support of Fig. S1.

Developing
Export Import
Quantity Value Quantity Value uU.S.

(metric (1000s (metric (1000s GDP
Year tons) U.S.S) tons) U.S. ) Deflator
1976 2524031 2943659 1660945 1185337  35.505
1977 2923129 3695889 1717623 1345426 37.764
1978 3328778 4677710 2050414 1902243  40.413
1979 3673973 5741710 2449834 2392680 43.773
1980 3841555 6146565 2434243 2789795 47.776
1981 3790036 6583801 2735579 3404429 52.281
1982 4301340 6593451 3070565 3640528  55.467
1983 3892543 6672762 2647413 3191293  57.655
1984 4364913 6964599 3004661 3221924  59.823
1985 5347380 7385057 3044468 3213288 61.633
1986 5998572 10090118 3487463 4032443  63.003
1987 6308915 12399010 4003748 4583798  64.763
1988 6418435 13972119 4414614 5778281 66.99
1989 7284217 14484553 4843443 6043260 69.52
1990 7232605 15534343 4705973 5255050 72.213
1991 7785876 17251080 5356051 6268285  74.762
1992 8048405 18005643 5440586 6913114  76.537
1993 9176451 19742667 5944555 6900223  78.222
1994 11172079 23789629 6590769 8053361  79.867
1995 11110039 26464153 6768546 8889474  81.533
1996 11020471 26399654 7139538 9691582  83.083
1997 11554028 27557629 7133948 10000386  84.554
1998 10236129 25350884 6328411 8575117  85.507
1999 11746797 25574800 7532184 9237626  86.766
2000 13352837 28288308 8960731 10601894  88.648
2001 13759560 28660010 9391849 11180050 90.654
2002 13679111 28936309 9657056 11901384  92.113
2003 13978499 31067532 9893976 12790539  94.099
2004 15184468 34939949 11127915 14805130 96.769
2005 16234465 38521244 12312323 16693607 100
2006 16778217 42758569 12441479 18575184 103.263

2007 16848541 45444307 13043721 21177943 106.221



Table $3. Data in support of Fig. 1 (2003—-2005 averages). World Bank Indicators: Gov_eff,
governmental effectiveness; Reg_qual, regulatory quality; Rule_law, rule of law;
Cont_corrup, control of corruption.

Country Code Gov_eff Reg qual Rule law  Cont corrup
CHINA CHN -0.08744  -0.31392  -0.40415 -0.53759
NORWAY NOR 2.058354  1.464544  1.937689 1.985013
CHILE CHL 1.233417 1.435745 1.197048 1.322082
INDONESIA IDN -0.48307 -0.5865 -0.85819 -0.91754
VIETNAM VNM -0.402 -0.54339  -0.42292 -0.7401
ICELAND ISL 2.21108 1.672414  2.089567 2.441712
THAILAND THA 0.292865  0.295726  0.08036  —0.20025
ARGENTINA ARG -0.16716  -0.68519 -0.66188  —-0.39374
TAIWAN TWN 1.195714  1.053794  0.879236  0.832
INDIA IND -0.10024  -0.29683 0.110825 —0.3448
NEW ZEALAND NZL 1.995173 1.730203 1.862193 2.321469
RUSSIA RUS -0.28193 -0.31052 -0.86988 -0.75026
CANADA CAN 2.067565 1.568381 1.756311 1.907741
MYANMAR MMR -1.50575  -2.19468 -1.61779 -1.56385
NAMIBIA NAM 0.122513  0.151721  0.055064  0.042076
NETHERLANDS NLD 2.04321 1.756142 1.717311 2.032125
ECUADOR ECU -0.84107 -0.68485 —-0.75528  -0.81196
MOROCCO MAR -0.15805 -0.24391 -0.01886  -0.12467
PERU PER -0.52424 0.124379 -0.65123  —-0.23595
IRELAND IRL 1.607331 1.624712 1.535855 1.502668
DENMARK DNK 2.222115 1.765316 1.943787 2.260953
SENEGAL SEN -0.18374  -0.24653  -0.28712  -0.24282
MALDIVES MDV 0.221007 0.268119  0.208722 -0.11732
PAKISTAN PAK -0.55872  -0.73374  -0.86825  -0.92499
LATVIA LVA 0.63214 1.018262  0.513237  0.317186
SOUTH AFRICA ZAF 0.786539  0.540967 0.110618  0.434124
KOREA, NORTH PRK -1.77382  -2.17491  -0.98536 -1.60324
URUGUAY URY 0.438894  0.290703  0.453173  0.842966
PHILIPPINES PHL -0.17989  -0.11989 -0.53962  -0.5902
MAURITANIA MRT -0.15931  -0.09795  —0.54425 0.000721
TANZANIA TZA -0.41067 -0.4108 —-0.38058  -0.75844
PANAMA PAN 0.009851  0.302446 -0.12869 -0.32374
PAPUA NEW GUINEA PNG -0.76979  -0.75779  -0.97288 -0.97888
VANUATU VUT -0.62093  -0.56502 0.162217 -0.31058
YEMEN YEM -0.86374  -0.85589  -1.12686  —-0.83345
ESTONIA EST 1.056883 1.397395 0.797978  0.944928
UGANDA UGA -0.52145  -0.04374  -0.73602  -0.79473
BANGLADESH BGD —-0.79207 -0.96352 -0.87378 -1.33066
CAMBODIA KHM -0.85851  -0.46241  -1.21844  -1.05462
OMAN OMN 0.426034  0.664689  0.720747  0.653005
VENEZUELA VEN —-0.8581 -1.14252  -1.23217 -1.06606
GUYANA GUY -0.33739  -0.30255 -0.60275 -0.50146
KENYA KEN -0.76143  -0.25807  -0.94133  -0.91108
MARSHALL ISLANDS MHL -0.93162 -0.69888 -0.14142 -0.62611
MADAGASCAR MDG -0.37186  -0.30525 -0.19749  -0.00983
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