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The United States has political, economic, humanitarian, and strategic interests in sus-
tained economic development of U.S.-affiliated Caribbean and Pacific islands. Despite a U.S.
commitment to support the economic vitality of these islands, most have become less self-
reliant in food and fiber production, and now depend increasingly on Federal funding for
jobs, public welfare, and food and other goods and services to the islands.

Interest in the development of increased self-reliance in U.S.-affiliated islands has grown
significantly in the last two decades. After 16 years of negotiation, the Congress, the United
Nations and three governments emerging from the former Trust Territory of the Pacific Islands
—the Republic of the Marshall Islands, the Federated States of Micronesia, and the Common-
wealth of the Northern Mariana Islands—approved agreements redefining their relationships
with the United States. The remaining agreement, with the Republic of Palau, is expected
soon, thus terminating the only remaining trusteeship created by the United Nations after
World War II. Concomitant with the interest in development of island self-government has
been concern over development of self-reliance. Similarly, the economic well-being of the
U.S.-affiliated Caribbean islands has come under increasing scrutiny due to the growing strate-
gic importance of the Caribbean Basin, and the implementation of the Caribbean Basin Initiative.

Several factors contributing to the growing dependence of U.S -affiliated islands include:
scant natural resources and long distances between islands and sources of inputs, products,
or markets; rapidly growing populations; tropical resource characteristics with generally
high natural productivity but extreme vulnerability to disruption; and common histories of
significant resource degradation. Despite the latter, the economic constraints posed by size
and isolation of many of these islands dictate that much of the productive sector be based
on renewable resources—agriculture, aquaculture, fisheries, and tourism.

Renewable resource development can help foster self-sufficiency, but certain approaches
are not compatible with sustained development (e.g., harvesting resources until long-term
productivity is lost, resources are depleted, or the environment is degraded). Similarly, pol-
icies, programs, and projects that seriously conflict with local cultures and customs are likely
to be counterproductive.

The Senate Committee on Energy and Natural Resources, in 1984, requested the Office
of Technology Assessment to conduct an assessment of the constraints to development of
insular resource-based enterprises, and the opportunities to improve sustainable renewable
resource development and management on the U.S.-affiliated islands. The House Commit-
tee on Interior and Insular Affairs endorsed the request. The assessment identifies and dis-

cusses in-depth some constraints and opportunities to integrated management of renewa-
ble resources on these islands.

OTA greatly appreciates the contributions of its advisory panel and workshop partici-
pants assembled for the study, and the authors of the commissioned papers. We are espe-
cially grateful for the time and effort donated by the numerous contributors who served as
reviewers and as liaisons from the insular governments and other government agencies. In
addition, we would like to thank those from within OTA who provided assistance, particu-
larly Dr. Gordon Law of the International Security and Commerce Program. As with all OTA
studies the content of the report is the sole responsibility of OTA.

JOHN H. GIBBONS
Director
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Executive Summary

INTRODUCTION

The U.S.-affiliated tropical islands include
Puerto Rico and the U.S. Virgin Islands (USVI)
in the Caribbean (figure 1-1) and American Sa-
moa, Guam, the Commonwealth of the North-
ern Marianas Islands (CNMI), the Republic of
the Marshall Islands (RMI), the Federated States

of Micronesia {FSM), and the Republic of Palau
in the Pacific (figure 1-2). All of these islands,
except Puerto Rico, are very small (table 1-1);
the Micronesian island groups are distributed
over an area as large as the conterminous
United States (figure 1-3) but have an aggregate

Figure 1-1.—U.S.-Affiliated Caribbean Islands and Neighboring States

UFlorida
N ATLANTIC
Ghe, OCEAN Miles
» Nag 11—
% 0 200
0
Vo o Turks and .
© Caicos
Y/
Caymanoo Vired LLES
Islands rgin
Qisia Puerto  Islands
Rico US\ Anguilla
m ) oo B o st Barthelemy
- \ L4
) Dominican o & Barbuda
Jamaica Republic St. Martin Q Antigua
St. Kitts// &
Nevis Guadeloupe
Montserrat g
® Dominica
CARIBBEAN SEA Q Martinique
St. Lucia ®
Aruba St. Vincent @ @ Barbados
o Curacao ‘:
® 9 Bonaire Grenada ©
(Y] :0
Venezuela

SOURCE: Office of Technology Assessment, 1986.



4 e« [ntegrated Renewable Resource Management for U.S. Insular Areas

Figure 1-2.—U.S.-Affiliated Pacific Islands and Neighboring States
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SOURCE: Adapted from a map prepared by the State of Hawaii Department of Planning and Economic Development, 1984.

land area less than that of Rhode Island. The
U.S.-affiliated Pacific islands also are distant
from major foreign population centers.

As commonwealths, Puerto Rico and the
CNMI have autonomous governments, but are
voluntarily associated with the United States.
The USVI, American Samoa, and Guam are un-
incorporated territories with semi-autonomous
governments. The FSM and RMI, which (along
with the CNMI and Palau) comprised the former
Trust Territory of the Pacific Islands, have re-
cently signed compacts with the United States
to become Freely Associated States. This sta-
tus allows the islands free control of internal
affairs, assures them fiscal aid, and makes them

eligible for some international aid; the United
States retains responsibility for national defense.

The majority of the U.S.-affiliated islands
have developed dependence on Federal fund-
ing to provide jobs, to support public welfare,
and to import food and other goods and serv-
ices to the islands. Several factors common to
the U.S.-affiliated islands have contributed to
this dependence:

1. lack of full political status and benefits of
States;

2. scant natural resources and large distances
between islands and sources of inputs,
products, or markets;

3. rapidly growing populations;
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Table 1-1,—Population, Land Areas, and Estimated U.S. Federal Expenditures in U.S.-Affiliated Islands

1984 Land area Approximate number Estimated U.S. Federal

Insular area Population?  (sq. mi,)° of islands? expenditures, 1984¢
Puerto RiCO. ... 3,270,000 3,425 4 $5,420 million
US. Virginlslands ...................cooiiat, 107,500 132 66 $ 387 million
GUAM .o e 119,800 209 1 $ 768 million
American Samoa ... 35,300 77 7 $ 61 million
Northern Mariana Islands . ..................... 18,600 182 21 $ 103 million
Marshall Islands. . .........ccoiiviiiiiiienenns. 34,900 70 1,225

Federated States of Micronesia ................ 88,400 279 607 $ 163 million
Palau ... e 13,000 179 350

SOURCES: @ Land Use Planning Report, 13(46):365, November 25, 1985; U.S. Department of State, 1984 Trust Territory of the Pacifig Islands, report to the United Nations
on administration of the Trust Territory of the Pacific Islands, 1985.
U.S. Department of Commerce, National Oceanic and Atmospheric Administration, Puerto Rico Coastal Management Program and Final Environmental
Impact Statement (Washington, DC: U.S. Department of Commerce, 1978); U.S. Department of Commerce, National Oceanic and Atmospheric Administra-
tion, The Virgin Islands Coastal Management Program and Final Environmental Impact Statement (Washington, DC:U.S. Department of Commerce, 1979);
U.S. Department of State, Annuai Reports for American Samoa, Guam, and the Trust Territory of the Pacific Islands, 1980.

€u.S. Department of Commerce, Bureau of the Census, Federal Expenditures by State, FY 1985 (Washington, DC: U.S. Government Printing Office, 1986).

Includes: 1) Grants to State and local governments, 2) Federal salaries, 3) payments to individuals, 4) procurement, and 5) other,

Figure 1-3.—Micronesia and the Contiguous United States: A Comparison of Size

| — Pl\-’x
NDRTHERN T =3
MARIANA < T e
. [SLANDS S
r Saipan
S }""""
® Apgana -y
GUAM B ‘

4
ﬂﬂ
ap
8 Colonia

Moen @ 14

i MARSHALL
% ISLANDS
Truk ohmpe) i
@ Kobo BKolonia
FEDERATED TES OF MICRO mrae

AN
/ ® Majuro

PALAU
[
N A
| ‘\\')m \..J‘\:V . ‘

o 4,
i

.

SOURGE: Adapted from H.F. Nufer, Micronesia Under American Rule: An Evaluation of the Strategic Trusteeship (1947-1977) (Hicksville, NY: Exposition Press, 1978).



6 o Integrated Renewable Resource Management for U.S. Insular Areas

4. tropical resource characteristics with gen-
erally high natural productivity but ex-
treme vulnerability to disruption; and

5. common histories of resource degradation.

Despite the United States’ past and present
commitment to the economic vitality of the
U.S.-affiliated islands, most have become less
self-sufficient in food production over the past
several decades. This dependence amounts to
a complete reversal of precontact tradition. Be-
fore European discovery, the inhabited Pacific
and Caribbean islands were self-supporting.
People subsisted on the available marine and
terrestrial natural resources and extended fam-
ily systems provided for members unable to pro-
vide for themselves.

Changes occurred with colonization and the
increasing influence of foreign cultures. Colo-
nial policies and practices over several centu-
ries, the introduction of new fishery and ag-
ricultural technologies and cash economies,
military occupation and use, and the advent of
tourism, all have affected island resource sys-
tems and uses. Growing populations on many
islands represent an added stress on an already
limited resource base.

High levels of financial aid from the United
States during the last two decades have not ful-
filled the intention of fostering modern, self-
sufficient island economies. Largely directed
toward social support programs, generous aid
packages may have reduced local incentives to
pursue that goal.

A self-sufficient economy meets as many do-
mestic needs as possible, and generates export
revenue to pay for the imports required for a
desired or acceptable standard of living. De-
velopment of an active productive sector on the
islands may foster increased self-sufficiency.
The economic constraints posed by size and
isolation of many of these islands dictate that
much of the productive sector be based on nat-
ural resources—e.g., agriculture, fisheries, and
tourism.

Renewable resource development can help
foster self-sufficiency, but sustainable develop-
ment precludes certain approaches. For exam-

ple, harvesting resources to the point where
long-term productivity is lost, resources are
depleted, or the environment is degraded is ulti-
mately counterproductive. Similarly, policies,
programs, and projects that seriously conflict
with local cultures and customs are likely to
be counterproductive.

Insular Resource History and Trends

Although the histories of the peoples and set-
tlement of the U.S.-affiliated island areas are
diverse, certain common factors exist;

1. on most islands, relatively large indigenous
populations were sustained by island re-
sources before western contact and rem-
nants of traditional agriculture and fish-
ery practices still exist on many islands;

2. all of these islands were colonized or
administered by foreign nations whose ac-
tivities primarily were designed to exploit
island resources; and

3. all of the islands have been of some strate-
gic importance to the United States and
most remain so.

The islands share common renewable re-
source problems, including both natural (e.g.,
flooding, landslides, and other natural hazards)
and manmade resource degradation. Defores-
tation and soil-moving for agriculture and con-
struction have caused heavy soil erosion on
many islands and adversely affected the sur-
rounding coral reefs. Numerous island species
are near extinction, and others have already
gone extinct, due partly to habitat loss (e.g.,
removal of mangroves), to overexploitation
(e.g., hunting of fruit bats), and to introduction
of exotic competitive or predatory species (e.g.,
brown tree snake, mongoose). Increasing hu-
man population density, combined with inade-
quate sewage treatment, and introduction of
agricultural and industrial chemicals has re-
duced freshwater and nearshore water quality
on many islands. Oil spills have damaged near-
shore environments in both the Pacific and the
Caribbean.

Turtles, nearshore fish and shellfish, and cer-
tain tree species have been overexploited in
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Photo credit: Office of Technology Assessment

A low-lying atoll island in the Marshall Islands, built on the inside edge of an encircling coral reef.

ity. Precipitation levels vary widely among the
islands. Rainfall has high kinetic energy and,
thus, greater ability to erode soils than in tem-
perate regions. Further, the islands are vulner-
able to major disturbances—hurricanes and
typhoons (e.g., the western north Pacific re-
ceives an average of 26.3 typhoons per year),
which can have devastating effects on re-
sources, infrastructure, and populations.

Freshwater availability is determined largely
by island structure. Atolls have no natural sur-
face water and retain little groundwater due
to highly permeable soils. On the other hand,
flash flooding and heavy erosion is common
on high islands where slopes are steep. Hydro-
logic systems are much more complex on con-
tinental islands, corresponding to their more
complex geology.

Chemical weathering of soils predominates
on tropical islands causing accelerated leach-
ing of soil nutrients. Resultant soils generally
are nutrient-poor regardless of parent rock type.
Further, the chemical composition of the re-
sulting soils often is imbalanced so that many
food or tree crops will exhibit stunted growth
or will not survive.

Because of differing histories of formation
and geology, the nature and extent of renewa-
ble resources on the islands vary. However,
their insular ecology leads to certain common-
alities among resource systems:

* richness in endemic species,

* species-richness of forests,

¢ value to science disproportionate to their
size,
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many island areas. Despite attempts to recover
declining populations, poaching by local in-
habitants and foreign nationals continues. Dy-
namite and chlorine bleach used by Pacific
fishermen to “fish”” have long-term destructive
effects on the reef and lagoon areas. Dredging
and mining in nearshore areas has resulted in
the loss of many mangrove areas and coral
reefs, which in turn may adversely affect near-
shore fishery potential. Shipwrecks, heavy sedi-
mentation, and anchor gouges have caused sig-
nificant degradation of coral reefs and seagrass
beds near many islands.

Puerto Rico’s nearshore waters have been
heavily exploited and very nearly overfished.
Similarly, even modest increases in fishing ef-
fort could surpass the natural capacity of waters
around the USVI. While good data on harvest
levels and production capacities in the Pacific
are lacking, there is evidence of depletion in
the nearshore environment, particularly around
urban centers.

More exotic resource problems remain in the
Pacific islands. American and Japanese mili-
tary ordnance from World War 1I still litter
some of the islands, presenting a hazard to hu-
mans and inhibiting the use of some lands.
Chemical repositories on Johnston Island have
leaked military chemicals into the groundwater.
Nuclear testing in the Marshalls has rendered
several islands virtually uninhabitable. Efforts
are being made to restore these islands to
habitable conditions. Although surface nuclear
tests have been banned; other islands still are
used as nonnuclear practice bombardment
targets.

Concerns have increased over adverse trends
in resource use resulting in efforts to maintain
or enhance resources on many of the U.S.-
affiliated islands. These concerns have been ex-
pressed in a variety of ways, including:

¢ efforts to maintain the resource base (e.g.,
coastal resource management);

o efforts to restore the renewable resource
base (e.g., reforestation, captive breeding
of endangered populations); -

e efforts to redirect use to underused re-
sources (e.g., outer reef fisheries);

¢ efforts to culture species (e.g., aquaculture,
culture of crops currently gathered from
the wild); and

¢ efforts to enhance existing renewable re-
sources (e.g., artificial reefs, enrichment
planting of forests).

Sustainable renewable resource management
depends not only on the capability of the eco-
logical resources, but also on the availability
of skilled labor and willingness to engage in
resource management and development activ-
ities. Many young adults seek education and
employment opportunities in the U.S. main-
land. Despite substantial outward migration,
remaining populations are rapidly growing.

Many of those who remain depend on ex-
tended family relationships and social support
programs to supply their needs. Most formal
labor is captured by local governments and
services for the public sector and its employ-
ees. Wages, security, and prestige are higher
in government employment. Skilled labor, train-
ing, and interest in the agriculture and fisheries
sectors are low on all the islands.

Characteristics of island resources—soil,
water, vegetation, and wildlife—determine the
uses and technologies that may be implemented
productively and sustainably. U.S.-affiliated is-
lands may be categorized into four groups with
common resource characteristics:

1. high volcanic islands: peaks of undersea
volcanoes (both active and dormant), often
surrounded by fringing reefs;

2. low-lying atolls: composed entirely of coral-
line reef limestone enclosing a lagoon;
3. raised limestone islands: primarily lime-
stone, originally formed in waters sur-
rounding older volcanic islands and now

above sea level; and

4. continental islands: geologic extensions of
continents or parts of certain undersea
mountain ranges.

All of the islands are within the tropical cli-
matic region characterized by warm, relatively
stable temperatures and commonly high humid-
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Although once largely forest-covered, 50,000 acres of open or grass-covered land on Guam
are infertile, barren, and actively eroding.

¢ vulnerability to disruption, and
¢ vulnerability to overexploitation.

islands as Integrated Resource
Systems

Island ecosystems are closely interrelated. Is-
land terrestrial ecosystems, structured topo-
graphically from highland forests to coastal
vegetation, sequentially buffer the erosive
forces of heavy tropical rainfall and rapid run-
off and protect nearshore marine ecosystems
from excessive freshwater intrusion and sedi-
mentation (figure 1-4). Similarly, the combina-
tion of coral reefs, seagrass beds, and littoral
vegetation serve to reduce the erosive energy
of wave action, thereby protecting shorelines
from erosion and providing the basic conditions
for island expansion. Organic matter also is
transported among these ecosystems via water

flow and movement of animals, allowing re-
colonization and recovery of degraded areas.
Thus, the value of individual ecosystems in-
cludes not only the particular resources they
contain, but also their essential functions in the
insular ecology.

Unmodified island ecosystems generally are
at equilibrium. However, environmental ma-
nipulation or modification generally is neces-
sary to accommodate human populations. If
such modifications allow the natural flow of
energy, freshwater, and nutrients through the
system the natural equilibrium still may be
maintained. Options exist in the methods and
types of modifications to be enacted; selection
of a development approach which mimics or
acts in concert with the desired natural proc-
ess will result in fewer impacts on associated
ecosystems.
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Figure 1-4.—Erosive Energy Buffer Systems on Islands
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Traditional island societies demonstrated a
keen sense of the interrelated nature of the is-
land ecosystems: activities were designed to
mimic natural ecosystems and preserve related
environmental functions. Damaged areas were
left fallow allowing natural recovery processes
to restore productivity. Present population pres-
sure coupled with human economic desires pre-
clude most resource uses which rely on time
for recovery. Alternative methods include aban-
doning degraded lands, or expending consid-
erable money, energy, and effort to reclaim sites
(e.g., reforestation).

The U.S.-affiliated islands’ renewable re-
sources still provide many goods and services,
however, they have not become the basis of via-
ble, modern economies. A variety of factors
constrain efforts to achieve this goal.

Beach strand and rhangvove forests
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Constraints to the Sustainable
Development of Renewable Resources

A number of physical, biological, geographi-
cal, and socioeconomic factors constrain sus-
tainable renewable resource development and
management on U.S.-affiliated islands. Physi-
cal constraints that particularly affect small is-
land agriculture and land-based aquaculture are
limited availability of land and water resources.
Low fertility of tropical soils, occasional tor-
rential rainfall, distinct dry seasons on some
islands, and mountainous topography of high
volcanic and continental islands may preclude
some types of agricultural activity. Physical
constraints to fisheries development include
low productivity of offshore tropical waters and
limited extent of productive nearshore areas.
Many nearshore resources already are being
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exploited near or beyond sustainable levels. Ma-
rine ecosystems are extremely vulnerable to nat-
ural and human disturbance, often requiring
long recovery periods.

Added to these constraints are the lack of
reliable data on the status of island terrestrial
and marine renewable resources, and incom-
plete understanding of the “mechanics” of trop-
ical ecosystems. The development strategies
and technologies designed for temperate fish-
eries and agriculture are not readily transfera-
ble to tropical settings. Failure to appreciate
this may explain why many “western” attempts
to manage and develop resources in tropical
settings have not been successful.

Geographically, the Pacific islands are ex-
tremely isolated. Transportation in general is
difficult and unreliable. These factors, com-
bined with small size or lack of formal markets
for export products, and proximity of major
Asian competitors, make it difficult or impos-
sible to achieve economies of scale. Such con-
straints are much less severe in the Caribbean.

Sustainable resource development is limited
not only by the inherent nature of tropical re-
sources, and island geographic settings, but also
by several socioeconomic characteristics of the
islands. In the Pacific, certain resource owner-
ship and use traditions constrain access to re-
sources by “outsiders,” including other is-
landers, who may be interested in developing
the resource. Commercial development of re-
sources, in particular, is contrary to traditions
of harvesting for immediate subsistence use
only, and of sharing any harvesting excess with
needy relatives or friends.

The skills and knowledge needed for sustaina-
ble resource development is also scarce on these
islands. Environment and resources play a mi-
nor role in school curricula, or are entirely ne-
glected. Education at all levels is primarily ori-
ented toward liberal arts. A preference exists
for government employment rather than in the
fisheries and agriculture sectors which are per-
ceived as “lower status.” Many who do not find
government jobs, migrate to the mainland
United States, and many who leave the islands
to pursue higher education never return. Out-

migration and reluctance of the islanders to
work in some types of employment creates a
demand for alien immigrant workers, whose
presence may create social tensions.

Opportunities for the Sustainable
Development and Use of
Renewable Rosources

Opportunities exist for expanding the role of
renewable resources in the economic devel-
opment of the islands, and for reducing the
islands’ heavy dependence on imports and
U.S. aid.

Warm temperatures and generally favarable
climates characterize most of the U.S -affiliated
islands in both the Pacific and Caribbean re-
gions. The islands are capable of sustaining
high agricultural and aquatic productivity. The
mangrove, seagrass, and coral reef ecosystems
of these islands are highly productive and rich,
and interactively support populations of eco-
nomically valuable marine organisms.

Nearshore marine resources show signs of
stress in both regions. However, the success
of the Japanese in Micronesia during the man-
date period suggests there is unrealized poten-
tial in the Pacific for marine resource develop-
ment, particularly through expanded use of
underexploited and migratory species. Aqua-
culture may have some potential in the U.S.-
affiliated islands to supply both local and ex-
port markets. Both regions have appropriate
sites for pond, estuarine, or offshore culture
systems. However, significant constraints to
aquaculture development exist, including high
cost of inputs, difficulty in obtaining juveniles,
and lack of aquaculture extension services.
Thus, aquaculture has not been developed to
any great degree in the U.S.-affiliated islands.

The high islands of the Pacific and Puerto
Rico also have significant terrestrial resources.
There is potential for making traditional agri-
cultural methods more productive and for in-
troducing new crops and technologies to the
U.S.-affiliated islands. Agroforestry, a landuse
system that integrates or rotates growth of
woody perennials and nonwoody crops or ani-
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Photo credit: Office of Technology Assessment

Growing numbers of tourists visit the U.S.-affiliated tropical islands to enjoy their natural beauty
and explore cultural and historic sites. (Pictured here: Truk Lagoon.)

mals was traditionally practiced on many U.S .-
affiliated islands. Incorporating trees into more
productive agricultural systems can optimize
landuse while retaining the advantages of a for-
est (watershed protection, erosion control, wild-

life habitat).

Commercial agriculture still is considered
desirable for the U.S.-affiliated islands. Even
small islands may become successful produc-
ers of specialty crops attractive to world mar-
kets. Pohnpei black pepper, for example, has
penetrated U.S. gourmet markets. Coffee, nuts,
spices, essential and perfume oils, cacao, and
certain ornamental plants, fruits, and vegeta-
bles are all high-value crops which have mar-
ket potential.

The natural resources of tropical islands also
may contribute to economic development through
tourism. Tourists are attracted to the islands
because of their warm climates, coral reefs,
beaches, flora and fauna, and spectacular scen-
ery. Tourism and related industries currently
comprise the major economic sector of the
USVI, and tourist presence in the Pacific re-
gion is growing rapidly. Tourists provide rev-
enue by purchasing food, services, and island
handicrafts. Although tourism has created envi-
ronmental and social problems in the past, it
has the potential to contribute significantly
to the economic self-sufficiency of the U.S.-
affiliated islands. Ideally, the tourism industry
would be planned and developed to maximize
economic benefits to the islanders and mini-
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mize negative environmental and social
impacts.

Successful and sustainable renewable re-
source development may assist in increasing
the self-sufficiency of the U.S -affiliated islands.
There are many other potential benefits, includ-

ing reduced unemployment and outmigration,
improved lifestyles for islanders, and mainte-
nance of biological diversity. If development
is sensitive to island traditions and practices,
it can also contribute to the retention of rich
cultural heritages.

DEVELOPMENT GOALS AND STRATEGIES

Imports constitute the bulk of island con-
sumption, thus, to increase self-sufficiency ter-
ritories must either produce enough to satisfy
local consumption, or generate export earnings
to balance imports, or both. In view of the con-
straints to agricultural development and in-
creasing depletion of nearshore marine re-
sources on many islands, total self-sufficiency
is probably not attainable. A more attainable
goal may be to improve the islands’ long-term
productive capacities through optimal use of
land available for food production (taking into
account other land use requirements), redirect-
ing marine harvest to include certain underex-
ploited species and offshore areas, and further
development of culture techniques. Strategies
for agriculture or fisheries development could
be tailored to nonmarket, semicommercial or
full commercial production as appropriate.
What is appropriate may vary among islands
and will depend on many geographical, eco-
logical, and socioeconomic factors.

The integrated management of renewable re-
sources for sustained yields requires a blend
of strategies for resource development as well
as for resource conservation, recovery, and
replenishment. Strategies simply to increase
harvests of already overexploited resources
may raise yields initially, but will ultimately
lead to depletion that may be irreversible.

Agriculture, Agroforestry,
and Forestry

Traditional forms of agriculture remain on
many islands, especially in the Pacific. These
forms evolved to be productive while retain-

ing many natural ecosystem functions. Com-
mon Pacific island systems are:

culture of wetland taro,

atoll pit taro culture,

mixed ‘“tree gardening,”

intermittent tree gardening,

“lanchos” (weekend farms) and backyard
gardening, and

¢ traditional open canopy culture.

In the U.S. Caribbean, little indigenous agri-
culture remains, but traditional agriculture sys-
tems have been brought into Puerto Rico and
the USVI by ““down-island” migrants such as
the French herb farmers from neighboring St.
Barthelemy who practice a specialized form of
polyculture of herb and tree crops.

Despite the success of traditional systems,
most modern attempts to develop agriculture on
the islands largely have followed the U.S. ex-
ample of consolidated, capital-intensive mono-
cultures requiring imported fertilizers, pesti-
cides, irrigation or drainage systems, and
mechanization. Although efforts to develop
agriculture in the U.S..-affiliated Pacific islands
have been introduced as small-scale projects
for limited-resource farmers, many have been
unsuccessful for reasons including:

¢ lack of markets,

¢ low market prices,

¢ technologies dependent on imported
inputs,

¢ lack of management skills among farmers,

* diseases and pests, and

¢ a general lack of commitment by the U.S.
and local governments.

Agriculture in the U.S.-affiliated Caribbean
islands historically centered around major
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Photo credit: C. Hodges

Eighty percent of American Samoan households engage in small-scale agriculture,
commonly an indigenous polyculture as pictured here.

export crops including such commodities as
sugar, tobacco, and coffee. Most of this type
of agriculture was abandoned as markets de-
clined and soils became degraded. Development
of modern agriculture in the U.S. Caribbean
has seen some success, especially in dairy and
beef production, and vegetables and fruits. Still,
Puerto Rico annually imports about 1.2 billion
dollars’ worth of food. Most farm operators in
the USVI and Puerto Rico also engage in off-
farm wage-earning activities. Many lands have
been abandoned, and agriculture has adapted
to resource loss by reducing farm size and ef-
fort, replacing capital-intensive inputs, and
changing the composition of output from ex-
port crops to domestically consumed products.

Major constraints to agricultural develop-
ment which apply to all of the U.S.-affiliated
islands generally fall into the following cate-
gories: biophysical, economic, infrastructural,
and sociocultural. Major biophysical con-
straints are low soil fertility, limited or irregu-
lar water resources, and limited arable land of
suitable soil types and level topography. Land
tenure systems, characterized by fragmented
landholdings and clan influence over use rights,
are primary cultural constraints. Economic
constraints include the small size of domestic
markets for agricultural products, availability
of high-paying alternate employment, low so-
cial esteem of farming, high cost of imported
livestock feed and other inputs, and in tourism-
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dominated islands, the relatively low value of
agricultural lands compared to other uses (i.e.,
commercial real estate). Undeveloped infra-
structure on some islands (i.e., lack of rural farm
roads, scarcity of transportation to markets)
also pose constraints.

Successful tropical island agricultural sys-
tems generally exhibit characteristics which
mimic and extend natural ecosystem processes
by providing for water and nutrient flow, and
maintaining a canopy to protect and enhance
soil quality at critical periods. An agricultural
system which incorporates a diversity of crop
species and varieties strengthens the system’s
resilience to disruption from pests and disease
outbreaks and, further, provides a variety of
products throughout the year despite erratic
weather patterns. For such systems to be read-
ily adopted, they should be based on tradition-
ally used systems and require minimal exotic,
nonrenewable inputs such as fossil fuel energy
or derived chemicals.

Major characteristics of ecologically and eco-
nomically sustainable systems include:

* mimicking natural systems through poly-
cultures that incorporate perennial species,

¢ optimization of agroecosystem compo-
nents (e.g., maximizing recycling of locally
available plant nutrients and natural main-
tenance of soil moisture) rather than max-
imization of total yield,

* provision of farmer and consumer secu-
rity in areas prone to natural disaster and
in areas with small and erratic markets,
and

* emphasizing incremental changes from
traditional agricultural systems to ease and
speed adoption.

Although farm size, type of technologies ap-
plied, and farming goals are not directly related,
agriculture in the U.S.-affiliated islands can be
classified into four general types that comprise
a continuum of farming systems:

1. Subsistence smallholder: Family (or clan)
member(s) producing solely for family con-

sumption, although “surplus” commodi-
ties may be sold. Traditional cropping or
gathering techniques commonly are used,
and the number of crops produced usually
is greater than in commercial smallholder
systems.

2. Semicommercial smallholder: Individual
or family members regularly producing
commodities for the market, but only on
a part-time basis. Farming may or may not
be regularly directed to home consumption
(the farmer may have a full-time wage job
in the money economy). Commodities
sometimes are produced using modern
technology.

3. Commercial smallholder: Individual or
family member(s) producing solely or sub-
stantially for the market. Commercial
smallholders typically are full-time produc-
ers who derive their principal livelihood
from farming. Commodities are normally
produced using modern technology. The
range of crops is much narrower than for
the subsistence smallholder. The commer-
cial smallholder may have a few wage em-
ployees, but most would rely solely on un-
paid family labor.

4, Large-scale commercial farming: Usually
characterized by significant investment in
operation, and use of paid wage and sal-
ary workers. Ownership commonly would
be corporate in form, with production
using modern, high-input technology. Out-
put per unit of land or labor would tend
to be much higher than for smallholder
agriculture.

“Large-scale” commercial farming on the is-
lands is not large by continental U.S. standards.
Commonly, field farming of over 20 acres or
annual gross sales over $20,000 is considered
a large-scale operation for the U.S.-affiliated
islands. Most farming in the U.S. Pacific is sub-
sistence and semicommercial; in the U.S. Carib-
bean islands, small-scale commercial and semi-
commercial farming is prevalent. In Puerto
Rico, several large-scale enterprises exist, but
the most recent of these (a large rice project
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on the north coast and one Israeli-sponsored
vegetable and fruit development on the south
coast) have failed. For the most part, island ecol-
ogies and economies are not conducive to large-
scale farming.

Strategy: Support and Protect
Nonmarket Agriculture

Nonmarket (subsistence and part-time) agri-
culture provides the basis for good nutrition
and a cadre of people who will retain the inter-
ests and skills allowing future upgrading to
semicommercial and commercial systems.

Most subsistence agricultural systems are
characterized by high crop diversity, are well
adapted to natural conditions, are strongly
rooted in local culture, and make maximum use
of local resources. These systems generally are
stable, sustainable, and ecologically benign.
They often provide beneficial environmental
services, such as soil stabilization and habitat
protection.

Without a conscious effort to preserve such
food production systems, even relatively sta-
ble systems may become rare or disappear
along with the rich genetic heritage they rep-
resent. Most traditional systems already are
declining. Potential mechanisms to support
nonmarket agriculture include:

* consideration of the impacts of develop-
ment on traditional agriculture (e.g., as
a component of environmental impact
statements);

* provision of research and extension serv-
ices for backyard gardeners; and

* enhanced game management to protect
traditional agriculture and provide an alter-
nate source of protein for low-income
families.

Development projects that might have adverse
impacts on traditional agricultural systems
could be redesigned.

Strategy: Dovelop Smallholder
Agriculture

Development of smallholder agriculture
could generate cash income for subsistence

farmers in the Pacific, and increase income for
small-scale or semicommercial farmers in both
the Pacific and Caribbean areas. Modest acre-
age is required for smallholder operations,
which rely heavily on family labor. Policies and
technologies which would raise subsistence
sector productivity and strengthen urban mar-
kets for local farm products could assist in grad-
ually expanding nonmarket production to semi-
commercial production.

Several common characteristics of traditional
systems might be integrated with modern prac-
tices to achieve more productive agricultural
systems with commercial potential. Improved
cultivars of traditional crops, as well as the in-
troduction of new crops and technologies may
be appropriate for development efforts. Trees
could be incorporated with crops in new, more
productive versions of traditional agroforests,
space would be used as efficiently as possible,
and crop combinations designed to maximize
overall productivity on a sustainable basis. Sim-
ilarly, livestock could be penned and fed agri-
cultural wastes, thus providing a supplemen-
tary protein or income source and a supply of
organic matter to re-apply to fields.

Commercial small-scale operations may be
handicapped by small and unstable markets or
inadequate transportation services. Moreover,
small producers commonly are not able to pro-
duce uniform quality products, do not have ac-
cess to adequate capital, and lack marketing
skills. Thus, development of small-scale farm-
ing systems probably would require strong gov-
ernment and private sector support for credit,
identification and extension of appropriate
technologies and crops, and identification and
creation of market outlets.

Development of smallholder agriculture is
likely to benefit the large number of subsistence
farmers (Freely Associated States), semicom-
mercial, and part-time farmers (American
Samoa, Guam, the CNMI, Puerto Rico, and the
USVI) in the U.S.-affiliated islands. Further, it
is likely to be more compatible with the present
land tenure systems than would large-scale
farming. Smallholders tend to produce a large
range of commodities which may alleviate mar-
keting constraints in small size markets.
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This semicommercial mixed polyculture on St. Thomas,
USVI, provides more than 30 crops, including tree
crops, for the farmer’s subsistence and
for sale in a roadside stand.

Strategy: Develop Intensive
Commercial Farming

Although subsistence and semicommercial
farms may satisfy many local food needs, addi-
tional commercial and competitive operations
are needed to generate cash to pay for imports.
The high input requirements of large-scale com-
mercial agriculture limit its applicability on
most of the U.S.-affiliated islands. Large par-
cels of land with uniform soil types are scarce
in the Pacific territories; where they occur in
the Caribbean, they are expensive. Local mar-
kets to absorb large product volumes are also
lacking, export potential is difficult to achieve,
and transportation is poor. Although these fac-
tors all constrain the development of large-scale
commercial farming, particularly in the Pacific,
selective opportunities for such development
exist. On Puerto Rico some large-scale farm-
ing is possible. New technologies, including
drip irrigation and improved pasture technol-
ogies, may be needed to increase productivity
and raise the quality of crops and livestock
with large-scale commercial potential. In some

Photo credit: Office of Technology Assessment

This commercial enterprise in Puerto Rico employs
drip irrigation and modern nursery techniques to
cultivate coriander, a high-value specialty crop.

cases, improvements in management alone may
increase yields.

Highly productive, commercial agriculture
could be developed on a smaller scale in other
island areas. Certain carefully selected crops
and modern technologies could be adapted to
tropical island ecology. Where appropriate, in-
creased mechanization for tillage, seeding,
spraying, and harvesting could be made avail-
able as agriculture develops.

An alternative to improved pasturage and
more intensive field farming is cultivation in
controlled environments. Various types of con-
tainer and site-controlled agriculture, ranging
from small containers to permanent green-
houses, offer potential for development of in-
tensive agriculture in the smallest U.S.-affiliated
islands. Controlled-environment cultivation
may overcome some constraints posed by land
and freshwater availability, high land prices,
unproductive and highly erodible soils, and pest
and disease outbreaks. Such technologies
(hydroponics, greenhouses, and shadehouses)
already have been implemented on some is-
lands with varying degrees of success. Yields
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from container agriculture commonly are very
high although labor and water requirements
also are high.

Tropical greenhouses permit growth of crops
that cannot withstand heavy rainfalls typical
of the tropics. Shadehouses are used through-
out the islands for tree and perennial crop
propagation and may also be used to grow cool-
season crops sensitive to high temperatures and
long day lengths. Hydroponics—a totally con-
trolled system with artificial growth media, and
high capital requirements—is probably feasi-
ble only for certain high-value herbs and vegeta-
bles. Such systems have been successful in the
U.S.-affiliated Caribbean islands and on Guam,
and are technically suitable for other islands
where water supplies are adequate.

Very high-value specialty crops offer another
possible commercial agricultural opportunity
for many islands: spices, essential oils, specialty
fruits and vegetables all have development po-
tential and some (e.g., Pohnpei black pepper)
have already penetrated world gourmet mar-
kets. High returns to labor and management
are possible from small plantings. Strict qual-
ity control would be necessary which may ini-
tially require private joint ventures or govern-
ment management,

Strategy: Develop Commercial Forestry

Commercial forestry development may be
possible on some lands unsuitable for other
uses. The forestry program in Puerto Rico, a
cooperative operation with the U.S. Forest Serv-
ice, has had considerable success in species en-
richment of forests and in increasing total for-
est cover. The USVI Urban Forestry Program
provides mahogany culled from roadside plant-
ings to small-scale furniture and crafts produc-
ers. Forests in the Pacific islands commonly
are used for construction materials, charcoal,
and fuelwood, but little forest maintenance, en-
richment, or reforestation is practiced.
Reforestation or afforestation of severely
degraded lands may renew soil productivity to
allow profitable use of these lands.

Strategy: Develop Research Programs
Relevant to island Needs

In order to accelerate agriculture develop-
ment, research programs need to be directed
to specific goals relevant to island development.
Although the need for research is widely rec-
ognized, the research capacity of many U.S.
island institutions is limited. Research is hin-
dered further by inadequate or unavailable
baseline data and skilled research staff. The
U.S. Department of Agriculture (USDA) has
designated research institutes for tropical agri-
culture (the Tropical Agriculture Research Sta-
tion in Puerto Rico and the Tropical Fruit and
Vegetable Research Laboratory in Hawaii) and
for tropical forestry (the Institute of Tropical
Forestry in Puerto Rico and the Institute of Pa-
cific Islands Forestry in Hawaii). However,
funding for these institutions has declined in
recent years.

Research performed by local institutions
could be supplemented by taking advantage of
research performed by other regional institu-
tions. Research performed by the University
of the South Pacific, the South Pacific Commis-
sion, the Caribbean Agriculture Research and
Development Institute, and other regional re-
search institutions can provide useful informa-
tion. It probably would be to the advantage of
small island governments to establish cooper-
ative relationships with appropriate interna-
tional research institutions or major universi-
ties that can assist in basic research.

Nearshore Fisheries and
Aquaculture

Islanders have harvested tropical aquatic
organisms for a tremendous range of utilitar-
ian, symbolic, and ornamental functions since
prehistoric times. The sea was important as a
food source in the Caribbean and supplied an
estimated 90 percent of the Pacific islanders’
animal protein. Fishing was an integral part
of traditional high island socioeconomy and es-
sential to life on atolls. Today, as in the past,
marine resources still supply a large percent-
age of consumed protein.
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Nearshore fishing takes place primarily in the vicinity of coral reef ecosystems,
a major feature of atolls and tropical nearshore waters.

Tropical nearshore environments are biolog-
ically complex and variable. Ecologic structure
and composition vary widely within and among
islands, even over short distances. Neverthe-
less, nearshore ecosystems in the islands gen-
erally comprise three distinct, but intimately
interrelated habitats: 1) mangrove forests, 2)
seagrass meadows, and 3) coral reefs. Many ani-
mals migrate among the habitats during differ-
ent times in their life cycle, and nutrients are
efficiently captured, retained, and recycled.
However, these systems are highly susceptible
to disruption and degradation by natural or
manmade stresses. Natural recovery processes
can take decades once the source of stress is
removed.

Nearshore resources effectively are the so-
cial security reserve and unemployment insur-

ance of many island people. Further damage
to these resources and/or resource depletion
through overcapitalization of fisheries may
have an extremely high opportunity cost in
terms of public assistance, food imports, and
social costs of diminished self-esteem.

The major constraints to nearshore tropical
fisheries development include inadequate
knowledge of complex ecosystems, inherently
limited productivity of offshore waters, and vul-
nerability of tropical fisheries to natural and
human disturbances. Equipment maintenance
and servicing, and problems of transporting in-
puts and exports also hinder development. Sci-
entific information on the current status of
nearshore marine resources is fragmented and
inconclusive, Without concise data on resource
distribution and abundance, the concept of op-
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timum sustainable yield is mere technical
jargon.

Most research and classical models of marine
biological systems have been based on conti-
nental shelf areas of the Northern Hemisphere.
The physical differences between reef slopes
of oceanic islands and continental shelves, and
the diversity and complexity of tropical sea fish-
eries reduce the value of these biological and
bioeconomic models. The effects of selectively
fishing certain species, fishing the same spe-
cies at different depths, the relationships be-
tween nearshore and offshore stocks, and fish
population dynamics, are less well understood
in tropical than in temperate waters.

Strategy: Support Subsistence and
Small-Scale Commercial Fishorios

Nearshore marine resources are susceptible
to overexploitation, thus, technologies that sim-
ply increase nearshore harvests probably will
have long-term negative impacts on fisheries’
potential. The productive capabilities of near-
shore systems have already been exceeded in
many areas and are being approached rapidly
in others. Therefore, little potential exists for
significant, sustainable expansion of these
fisheries.

Subsistence and small-scale fisheries are
nonetheless important for their food-, income-,
and employment-generating potential. As near-
shore resources have come under greater pres-
sure, fishermen have increasingly moved off-
shore and/or made more use of migrating
pelagic species sometimes found in lagoons and
at reef edges. Such resources, as well as other
underexploited species (possibly shark, deep-
water shrimp, and other species beyond reefs)
probably offer opportunities in the U.S. Carib-
bean and Pacific for expansion of small-scale
fisheries—commercial, recreational, or subsis-
tence. Development policies in both areas em-
phasize underused marine resources. In some
cases, it might be possible to develop fisheries
for species not desired locally, but valuable as
export commodities, However, even underex-
ploited resources can become quickly depleted
without careful management.

Stratogy: Develop Aquacviture

Aquaculture, the cultivation of aquatic organ-
isms in fresh, brackish, or marine waters, be-
gan over 2000 years ago in China. Interest in
aquaculture is apparent in the U.S.-affiliated
tropical islands. Aquaculture offers a potential
mechanism to supply fishery products to local
markets, increase job opportunities and income
in rural areas, generate export dollars, and sup-
plement marine resources through reseeding
programs.

Systems range from low maintenance marine
enclosures to intensively managed hatcheries
and raceways, and from subsistence produc-
tion to production for commercial markets. Ap-
plicability of these techniques may depend on
many factors: including availability of appro-
priate sites; technology, capital, and labor re-
quirements; and market potential.

Sea ranching involves collecting and grow-
ing wild or cultured stock—usually sessile or
sedentary species—under managed natural
conditions. This carries the benefit of a secure
food source, but also the risk that natural stocks
will be collected too rapidly, reducing natural
productivity. Control and conservation meas-
ures may mitigate this problem,

Culture in natural waters includes bottom and
near-bottom intertidal and subtidal culture of
sedentary species (clams, oysters, conch, sea-
weed). This is practical only where natural sup-
plies of phytoplankton are sufficient to serve
the food needs of cultured species—generally
these areas are restricted to larger islands. Sea-
weed cultivation, on the other hand, may be
well suited to small, remote islands, since the
thalli can be sun-dried and stored for many
months.

Culture of marine fish in floating net pens
or cages is possible where space is available
in protected estuaries and bays. Several spe-
cies of finfish could form the basis for maricul-
ture in the Pacific and Caribbean.

A variety of crustaceans (prawns and shrimp)
and fish (rabbitfish, milkfish, mullet, redfish,
tilapia) are suitable candidates for fresh or salt-
water pond culture on U.S. islands. Commer-
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Techniques have been developed at the Micronesian

Mariculture Demonstration Center in Palau for culture

of giant clams—unique among farmed animals in that

they derive their nutrition from symbiotic algae

embedded in their mantles and thus require no
supplemental feeding.

cial ventures based on pond aquaculture have
been developed on Guam and Puerto Rico.
These have had mixed success, but interest in
this form of aquaculture remains high. There
is potential for expansion of pond farming in
both regions not only to raise food species, but

also high-value species for the aquarium trade,
and bait fishes to supply tuna fisheries.

All of these forms of aquaculture are possi-
ble in tropical environments, however, adapt-
ive research is required to test the applicability
of specific culture systems to local environ-
ments and species. Technologies must be so-
cially acceptable and economically feasible.
Logistical constraints such as difficulties in sup-
plying inputs and delivering products should
be considered.

Land availability constrains the development
of extensive pond aquaculture on most islands.
However, semi-intensive commercial opera-
tions may have some potential. Such opera-
tions, which are already being developed in
Puerto Rico, are characterized by smaller, more
engineered and managed ponds, more supple-
mental feeding, and higher stocking densities
than extensive systems. Intensive culture in-
volving even higher degrees of environmental
control and technical expertise probably is not
yet feasible for most U.S. islands. Aquaculture
development in many island locales may be
most successful where simple methods are used
to produce high-value species to supply hotel
and tourist facilities.

TECHNOLOGIES TO SUPPORT RESOURCE DEVELOPMENT

Several constraints to resource development
might be addressed through appropriate tech-
nologies for food storage, processing, distribu-
tion, and marketing. In general, reduction of
crap losses and maintenance of product qual-
ity is easier than expanding and intensifying
sustainable production. Tropical diseases,
pests, and spoilage all take a toll on crops and
livestock before and after harvest. Nearly 30
to 40 percent of island crops may be lost to a
combination of these factors.

Preharvest Control Technologies

Appropriate pest, disease, and weed control
can contribute to reduction of losses and dam-
age, and thereby, effectively increase yields and
marketability of crops and livestock. Use of

pest- and disease-resistant crops is a traditional
strategy that might be more widely applied on
the islands following development and field
trials. Certain traditional cropping systems also
serve to control pests, i.e., polyculture (with
some plants serving as pest barriers), field and
crop rotation, and careful timing of plantings.

Chemical controls are easily applied and im-
mediately effective, but may destroy the natu-
ral balance between pests and their natural
predators, leading to more severe problems in
the future. The effectiveness of chemical con-
trols generally is short-lived and environmental
contamination poses a serious risk.

Biological control employs the use and ma-
nipulation of natural predators to control pests,
and may be preferable to chemical controls.
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However, considerable research, experimenta-
tion, and field trials will be necessary to iden-
tify appropriate control agents. A balance of
biological and chemical controls, and polycul-
ture may offer the best long-term pest/disease
control strategy. Highly skilled and motivated
agricultural extension services will be integral
to the success of this strategy. Strong quaran-
tine programs to prevent reinfestation could
complement such efforts.

Food Preservation and Processing

Improved storage and transportation could
greatly reduce postharvest loss of agriculture
and fishery products to spoilage, insects, rats,
and other pests. Refrigeration can achieve these
results, but generally it is constrained by lack-
ing or irregular power supplies. Newly devel-
oped solar-powered refrigeration systems of-
fer some promise for cold storage at remote
localities; however, development costs would
be high initially.

Other methods of food preservation and proc-
essing range from traditional sun-drying and
smoking of fish and coconut meat to modern
freeze drying and canning technologies. Some
processing and preservation methods are prac-
ticed on the islands, and others which are not
yet practiced might be applicable. However,
most modern processing technologies are
energy-intensive and therefore expensive.
Establishment of regional or local cooperative
food processing centers may make processing
more affordable.

Market Development

Steps to develop local markets for island prod-
ucts could include gradual increases in the use
of locally produced commodities for federally
funded programs, for U.S. military personnel,
and for tourists. Currently, only limited
amounts of island products enter into these
markets. Several factors hinder greater reliance
on local products by these sectors, including
irregular and limited supplies, and irregular
product quality.

There is potential for development of regional
markets in the Pacific, but this will depend on
strengthened transportation services, and estab-
lishment and/or revision of quarantine regula-
tions. In the Pacific, Guam and the CNMI have
better export potential because of air transport
links with Japan. Currently, Japanese markets
remain closed to Micronesian exports because
of strict quarantine regulations.

Removal of import tariffs from Caribbean ba-
sin countries has seriously reduced the poten-
tial for export of fresh produce from Puerto
Rico. To increase exports under these condi-
tions, Puerto Rico probably will need to both
reduce production costs and improve product
quality to become more competitive.

Cooperatives

Cooperatives seem to be a practical way of
organizing and mobilizing capital and people
in developing communities. Local producers
might be encouraged to expand crop produc-
tion if cooperative processing and/or market-
ing facilities guaranteed sale of surplus pro-
duce. Agriculture and fishery cooperatives can
also competitively purchase supplies, services,
and equipment that individuals cannot afford.
The more highly organized cooperatives pro-
vide fully integrated programs for their mem-
bers, and cover equipment purchases, offer
assistance in processing and marketing, and
even research and development.

While some cooperatives are successfully
operating on the islands (e.g., Saipan Farmer’s
Cooperative Association), others have struggled
or failed. Local governments might encourage
their development through investing in infra-
structure and providing tax benefits and tech-
nical assistance.

Vertical Integration of Operations

Contract farming to vertically integrate small
farmers with large agricultural production/
processing and marketing operations is likely
to help increase food production on U.S.-affili-
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ated islands. Small farmers contract with a large
company to raise products, which the company
purchases at a guaranteed price, processes, and
markets. The company may also provide
farmer-contractors with some agricultural in-
puts and production assistance. Such enter-
prises are capable of economies of scale and

benefit both producers and consumers. There
are several successful, vertically integrated agri-
cultural enterprises in Puerto Rico. Black pep-
per production on Pohnpei is also integrated,
although the processing and marketing unit is
government run.

TECHNOLOGIES TO SUPPORT RESOURCE SUSTAINABILITY

Agriculture cannot be a productive sector of
island economies if soils become too nutrient-
depleted or if soil erosion is uncontrolled. Max-
imum economic yield cannot be attained off-
shore if marine resources are harvested indis-
criminantly. Many technologies supportive of
resource sustainability are aimed at minimizing
depletion, and at regulating use of resources.

Agriculture

Soil Conservation

Soil erosion and degradation is greatest in
conventional clean-tilled row-cropping, par-
ticularly when fallow periods are short. Pre-
vention might include lengthening fallow
periods to take advantage of the natural regener-
ation capacity of the ecosystem, restricting and
controlling burning, and applying soil-conserv-
ing cultivation and culture practices (i.e., ter-
racing, contour farming, mulching, conserva-
tion tillage, and planting of soil-conserving
crops and hedgerows).

Each technology has advantages and dis-
advantages. For example, conservation tillage
contributes to reducing soil erosion and labor
and equipment requirements, and increases soil
moisture retention. However, this technique re-
lies heavily on herbicides for weed control and
creates potential habitat for pests. Contour
farming is inexpensive, but becomes less effec-
tive as the inherent potential for erosion in-
creases. Steep lands can be terraced, but surface
compaction and ponding may result. Terrace
construction is expensive and may require re-
moval of topsoil from large areas. Considerable
expertise will be needed to determine which

soil-conserving technology is appropriate for
application in a specific area.

Soil Amendments

The development of local soil amendments
may be necessary to offset the nutrient drain-
ing effects of commercial agriculture technol-
ogies. Most soils in the islands are relatively
nutrient poor due to a variety of factors, thus,
the need for fertilizers {organic or commercial)
to produce and sustain commercial yields is im-
perative.

Despite evidence that tropical soils respond
much differently to such fertilizers than tem-
perate soils, and despite the potential adverse
impacts of fertilizers on groundwater and ma-
rine ecosystems, commercial fertilizers are
commonly used on the islands. Research is
needed on other methods of maintaining soil
fertility such as green manuring, intercropping
with legumes, fallow periods, and crop rota-
tion, The possibility of using municipal wastes
as compost also might be explored. Evidence
suggests that the efficiency of commercial fer-
tilizers may be increased if they are used in
combination with organic fertilizers and/or
mycorrhizae, or with zeolite minerals.

For many Pacific islands, management of re-
sources to ensure sustained yield is even more
imperative in the marine than in the terrestrial
environment. These resources provide for
many subsistence needs and represent a food
reserve in the event of natural calamities.
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Plastic mulches, applied here on St. Croix, USVI, serve to inhibit weed growth and enhance soil moisture retention.

Modern Regulatory Moasuros

Although marine resource management was
traditionally practiced by islanders, rigorous
scientific efforts to manage these resources are
relatively recent. These commonly involve reg-
ulatory measures to restrict harvest methods
and seasons in order to conserve individual
stocks and to restrict access to critical habitats.
The Caribbean Fishery Management Council
has placed restrictions on types of gear that may
be used for harvest and has established mini-
mum permissible sizes for some species. Other
restrictions on seasons or areas are also possi-
ble, but have not been enacted. Modern man-
agement efforts in the Caribbean and the Pa-
cific are also limited in that they focus on single
species or groups of species rather than on en-
tire ecosystems.

Parks

Ultimately, some extremely sensitive ecosys-
tems may have to be given special status as ma-
rine parks or reserves. Ecosystems such as coral
reefs and mangrove forests which are impor-
tant habitat for many marine species and are
highly vulnerable to degradation are prime can-
didates. As yet there are few protected marine
areas in the U.S. island territories. If success-
fully sited, established, and managed, marine
parks and reserves could protect critical areas,
and also provide a source of recruitment for
restocking exploited surroundings.

Traditional Managoment Methods

While fishing efforts might be limited by any
or all of the above methods, enforcement is dif-
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The Ngerukewid Islands Wildlife Refuge in Palau, encompassing 640 acres, includes considerable open marine areas
and unique marine lakes.

ficult in tropical areas where species numbers
are high, and catch and market data are scarce.
Biologists also know less about tropical than
temperate fisheries. Despite attempts to protect
overexploited resources, western cultures
largely have been unable to manage tropical
reef fisheries efficiently. Traditional manage-
ment measures are a part of village lore in some
Pacific islands. Some management measures,
reveal a sophisticated knowledge of ecological
relationships. Traditional use rights in fisheries
(TURFs) of the Pacific islands are based on the
principle of limited entry and other conserva-
tion strategies. TURFs continue to play a ma-
jor role in some island cultures. On some is-
lands, they have been seriously disrupted by

western technologies and by economic pres-
sures of commercialization.

Existing TURFs may contribute to fisheries
conservation in the U.S. Pacific islands. Man-
agement schemes and regulations recognizing
traditional marine tenure in the islands could
be established. Private enterprises, such as sea-
weed and giant clam farming, pearl culture and
trochus fisheries, would be likely to respond
well to exclusive ownership. In areas where
TURFs have lapsed, local management and en-
forcement responsibilities could be instituted.

TURFs cannot, however, guarantee success-
ful conservation. TURF systems are diverse and
some are more useful in fishery management
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than others. TURFs pose an impediment to
commercial tuna fishermen who obtain bait fish
from these areas, often with great difficulty,
TURFs may also impede nearshore harvest of
migratory pelagic species.

Artificial Habitats

Management of marine resources for sus-
tained yields might also involve use of artifi-
cial reefs and fish aggregation devices (FADs).
Artificial reefs range from scrap automobiles
and tires to specially designed and engineered
structures. Whether the introduction of artifi-

cial reef habitats enhances overall fisheries
productivity or merely increases local popula-
tions by attracting fish from elsewhere is not
known—there is evidence for both results.
FADs are anchored buoys placed beyond reefs
to attract pelagic fish. Although catch rates are
significantly increased by their deployment, the
impact of FADs on regional fish stocks and the
sustainability of high catch rates have not been
evaluated. Until such questions are answered,
artificial reefs and FADs probably cannot be
determined to contribute to fisheries manage-
ment for sustained yields.

TECHNOLOGIES TO SUPPORT RESOURCE RECOVERY

Extensive degradation of terrestrial resources
and overexploitation of nearshore marine re-
sources is apparent in many insular areas. Pro-
grams aimed at resource restoration and re-
covery will likely be important to long-term
ecologic and economic stability of the U.S.-
affiliated islands. A primary cause of soil and
land degradation has been forest clearing, thus,
revegetation programs represent a potential
strategy for improving terrestrial productivity.
Traditional and commercial agroforestry, shart
or long rotation forestry, or growth of ground
cover in the form of nitrogen-fixing legumes
all offer possible options. Selection of plant spe-
cies and of rotational strategies is critically im-
portant to the creation of stable and produc-
tive ecosystems. Reforestation or afforestation
of degraded lands brings many benefits aside
from products. Forests contribute to reducing
wind erosion, protect and improve soil fertil-
ity, regulate soil water and contribute to flood
control. They also provide wildlife habitat.
Agroforests provide the additional benefits of
mixed cropping.

Like terrestrial forests, mangrove and sea-
grass habitats have suffered extensive damage.
Success of natural or induced recovery schemes
is variable, but recovery programs represent
management options. Few attempts are cur-
rently being made to restore such habitats.
From an ecological viewpoint, the best strat-
egy is probably to protect these habitats from

adverse impacts. They are valuable resources
that may take up to 100 years to recover natu-
rally, if at all. Where possible, restoration is
costly and success is not guaranteed.

As the nearshore resources of the Pacific and
Caribbean regions are becoming overfished or
degraded, the idea of enhancement and reseed-
ing of these resources is gaining attention. Res-
toration of marine resources generally means
restocking of selected species. Farming, or
aquaculture of marine organisms may become
important to restock or reseed depleted fish-
ery stocks. However, without appropriate con-
trols on subsequent harvests, a reestablished
population may be exploited at a greater than
optimal rate and possibly reextinguished.

Integrating Technologies

Many technologies for renewable resource
development can be integrated with technol-
ogies for energy production and conservation,
waste treatment, or with each other. Potential
exists for development of energy integrated
farms, and operations that integrate aquacul-
ture with agriculture, waste treatment, and
energy production.

Energy Integrated Farms

Energy integrated farming offers a means of
transforming animal and crop wastes into use-
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Slurry from biogas digesters can be directed through aquaculture—here, tilapia and water hyacinth culture—before being
discharged through agricultural irrigation systems, providing numerous additional benefits to energy generation.

ful products. Organic matter is fermented into
biogas (a methane-rich gas mixture) and a thick
slurry in oxygen-free digestors. Completely fer-
mented slurry is virtually odorless, has reduced
harmful organisms, and retains the fertilizer
value of the original materials. It can be used
as a livestock feed additive, potting soil, and
fertilizer. Biogas can be used to generate light,
and to operate stoves, refrigerators and even
modified gas engines.

The quantity of useful products depends on
the amount and type of organic matter, diges-
tor capacity, and ambient temperature. A broad
scope of applications are possible, ranging from
small, single-household digestors, to huge
“high-tech” complexes requiring corporate
backing. Widespread application is constrained
by lack of large livestock operations, design and
operation expertise, and capital.
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Use of energy-integrated farming technol-
ogies in the near term will probably be limited
to a few farmers with large manure supplies
and sufficient water resources for system oper-
ation. Within 8 ta 10 years, small-farm biogas
units could probably be implemented more
widely. Energy derived from animal and crop
wastes, wood, and other plant materials offer
a potentially important substitute to imported
oil for many islands.

Aquacvlture/Enorgy Production
Systoms

Considerable energy is needed to pump sea-
water to mariculture farms. If such farms could
be integrated with powerplants, which pump
and discharge large quantities of water for cool-
ing, considerable savings might be realized.
Powerplants and mariculture systems could be
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designed to maximize benefits. Water pumped
from under the thermocline is relatively rich
in nutrients for aquaculture and would provide
cooling for the powerplant.

Integration of aquaculture with innovative
forms of energy production that exploit the
energy of the sea (i.e., ocean thermal energy
conversion systems, wave energy systems and
hypersaline solar ponds) may also be possible
once such systems become more readily avail-
able. Integration of aquaculture with these tech-
nologies may enhance their economic feasibil-
ity for some islands.

Waste Treatment Systems

Cultivation of seaweeds or other aquatic
plants has been integrated with water treatment
in the United States and has potential for ap-
plication on tropical islands. There may also
be opportunities for increasing agricultural
productivity with land application of sewage
sludge, treated wastewater, and municipally de-
rived compost.

Planning/Policy Considerations

Improved resource management planning re-
quires careful consideration of development
constraints and opportunities as well as numer-
ous other factors: information needs, possible
sources and management, choice of strategies
for plan implementation, and the role of tradi-
tional law and local people in management
planning and implementation.

Each of the U.S.-affiliated island governments
has designated a Planning Office to compile
information on factors affecting economic de-
velopment and to present a framework for ra-
tional development planning. A number of
plans analyzing resource management and de-
velopment activities have been prepared in each
island area either by these offices (e.g., Coastal
Zone Management plans) or by the United Na-
tions. However, different plans are rarely cen-
tralized or aggregated. The 5-year comprehen-
sive development plans prepared by the Freely
Associated States (under the terms of the Com-

pact of Free Association) tend to be too gen-
eral to provide real guidance to decisionmakers.
Planning processes may go awry for these and
other reasons, including:

¢ inadequate “in-house” planning expertise
and heavy demand on existing island
planners,

* inadequate problem specification,

¢ lack of understanding of natural processes,

¢ inadequate specification of management
alternatives,

¢ use of planning as a substitute for man-
agement,

e lack of resources for planning, and

e lack of understanding of the social and po-
litical contexts in which plans are to be im-
plemented.

Information Procurement
and Management

A primary obstacle to the development of
baseline ecological surveys is the cost of data
collection, storage, and retrieval. Since few
islands can afford a major data acquisition ef-
fort, an initial priority could be to ensure col-
lection of data essential to program implemen-
tation. An incremental approach could then be
taken to collect desirable data, this could em-
phasize the use of island residents as sources
of resource-related information.

Within many governments, data are collected
by more than one agency, sometimes resulting
in duplication of effort. Data may be collected
in different formats and on different scales mak-
ing sharing of information difficult. Opportu-
nities to ameliorate these problems include re-
organization or centralization of data collec-
tion, storage, and processing responsibilities,
and ensuring coordination among various agen-
cies that currently share these responsibilities.
An island-by-island assessment of data collec-
tion could be a first step toward identifying op-
portunities for data sharing, and for collabora-
tion on new data acquisition.

Traveling workshops could provide short-
course training on information collection and
mapping techniques. Distribution of data to
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users may be facilitated with data lists and in-
ventories; reproduction of reports, air photos,
and maps; workshops and seminars; and par-
ticipatory approaches to planning.

Analytical Planning Techniques

Restriction of resource use to activities with
minimal adverse impacts is currently the dom-
inant approach to resource management on the
U.S.-affiliated islands. In the short run, there-
fore, environmental impact statements (EISs)
will probably remain the primary technique
used for resource and plan assessments. Sev-
eral “off-the-shelf”’ approaches to impact assess-
ment make it a relatively cost-effective and
simple procedure. A review of procedures for
conducting EISs could help planners develop
those most relevant to island environments.
Post-project evaluations are one way to reveal
the strengths and weaknesses of current EIS
procedures.

Environmental impact analysis, however, is
a short-term investigation of the likely impacts
of previously identified policy or project op-
tions and, thus, does not permit evaluation of
the full range of development alternatives.
Other methods are being developed to allow
consideration of environmental and resource
information early in resource development
planning, including resource suitability anal-
ysis, carrying capacity analysis, extended ben-
efit/cost analysis and multi-objective analysis.
Few of these techniques have been applied to
U.S.-affiliated islands. If such methods were
fully developed and implemented, however,
repeated EISs might be rendered redundant.

Resource suitability analyses, which can
range from simple map overlays to complicated
computerized geographic information systems,
provide information about the supply of re-
sources at various levels of suitability for vari-
ous uses. Such analyses generally comprise a
method of delineating landscape or seascape
units on a map and assessing the capability of
these areas to sustain an array of potential uses
without unacceptable degradation and given
certain levels of management and technology.
Carrying capacity analysis, a method of deter-
mining the optimal human population that can

be supported at given levels of technology and
amenity, also has been used to help identify crit-
ical resource use decisions.

Benefit-cost and multi-objective analyses both
attempt to encompass the array of secondary
and intangible benefits and costs from alter-
native programs or projects. Benefit-cost anal-
ysis incorporates value judgments regarding the
translation of unquantifiable variables and so-
cial preferences into money values. Multi-
objective planning does not force all effects into
the same measurement units, but relies on deci-
sionmakers’ assignment of relative or weighted
values for each category of impact.

Although based in science, interpretations of
factors such as custom, skills, innovativeness,
likely technology and institutional capability
come into play in making the ratings. Thus,
each technique depends on expert judgment
and public participation as well as on manipu-
lation and interpretation of scientific infor-
mation.

Participatory Approaches to
Planning and Management

The need to incorporate public participation
in resource development planning is based on
several factors: 1) local knowledge and under-
standing of an area’s natural systems often com-
plements or exceeds scientific knowledge, 2)
public participation in resource-related plan-
ning and policymaking may yield benefits in
compliance and enforcement of local regula-
tions; and 3) actions that respect people’s pri-
orities and that are planned with local input
and approval are more likely to succeed than
actions that require intensive regulation and
enforcement.

Generating public participation in resource
management projects can be extremely time-
consuming and costly. In order to tap local
sources of information, it usually is necessary
to give equally in return. The following condi-
tions have been suggested as guidelines for pub-
lic participation in resource management:

1. long-term presence to understand a com-
munity’s structure, build rapport, and fos-
ter mutual respect;
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2. local involvement in all aspects of a project
from design to implementation, as well as
respect for local input and objectives;

3. local participation in concrete activities
from which people can gain tangible ben-
efits; and

4. education and research activities in which
local people are equal partners with gov-
ernment, project staff, and professionals.

Modern Law and Traditional Custom

Custom is a valued asset of U.S.-affiliated is-
land communities. Values such as respect for
traditional leaders, consensus-based dispute
resolution, and significance of clan member-
ship have survived the impact of colonization
and modernization, and form a significant part
of the identity of island peoples. The opportu-
nity exists to blend traditional management
methods and the democratic system as Micro-
nesia develops self-government. One advantage
of retaining traditional methods of guiding so-
cial behavior is that these require no legisla-
tive decree or policing—they are ingrained in

local belief and custom. Traditional resource
management tenets often have ecologic ra-
tionale.

A formalized system for incorporation of Pa-
cific island custom into a system of law appro-
priate for use in island societies could include:
explicit recognition in constitutions, statutes
and case law of the value and primacy of cus-
tom; recognition of custom whenever a new
law is adopted; and court adherence to the con-
stitutional and legislative mandates to preserve
custom. Judges knowledgeable of local customs
could use that knowledge in decision and rule-
making in a way that ensures preservation of
customary values and principles. Further, they
could recognize that access to resources is a
part of the livelihood of island peoples, and that
complex systems of ownership and use have
evolved that do not resemble western concepts
of ownership. In resolving resource-related dis-
putes, judges may wish to delay intervention
until traditional leaders are consulted and other
methods of dispute resolution are exhausted.

SUMMARY CF ISSUES AND OPTIONS FOR THE U.S. CONGRESS

Economic growth of the U.S.-affiliated is-
lands is likely to be largely dependent on the
sustainable development and management of
renewable resources, and on a tourist indus-
try that is compatible with development and
management goals. As the primary policy-
making body for the islands, Congress can fos-
ter pursuit and achievement of these objectives
in a variety of ways:

* by tuning appropriate Federal agencies and
assistance programs to the special situa-
tion and needs of islands;

¢ by coordinating the work of agencies re-
sponsible for various aspects of resource
management on the islands;

* by making opportunities for Federal assis-
tance directed at developing sustainabil-
ity of resource uses readily apparent and
more easily available to islands; and

* by providing additional assistance in the
areas of data collection and management,
planning, education, extension, training,
and research.

Various options exist within all of these areas
to improve and expand Federal support for agri-
culture, forestry, fisheries, and aquaculture de-
velopment on the islands.

Congressional Oversight and
Federal Agency Coordination Issves

This study reveals important links among
renewable resource use, environmental pro-
tection, island cultures, political systems, and
economic development. However, no single
congressional subcommittee of the House Com-
mittee of Interior and Insular Affairs, or of the
Senate Committee on Energy and Natural re-
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sources is structured to deal with all of these
interrelated issues as they apply to resource
management on the islands. Activities related
to the U.S. islands, moreover, are spread through
many programs of USDA, the National Oceanic
and Atmospheric Administration (NOAA), and
the U.S. Department of the Interior (USDOI),
making coordination and congressional over-
sight difficult. The USDQI’s Office of Territorial
and International Affairs (OTIA) is responsi-
ble for promoting the economic, social, and po-
litical development of the U.S.-affiliated islands
and for analyzing, developing, and coordinat-
ing USDOI's policies and programs pertaining
to international activities.

To take advantage of the OTA findings in this
assessment, mechanisms are needed to coordi-
nate and perhaps increase appropriate support
of Federal island-related activities and to facili-
tate congressional oversight of these activities.

Option: New Congressional Subcommit-
tees.—Congress could establish new House and
Senate subcommittees to deal with integrated
resource management on the U.S.-affiliated is-
lands.! These would provide focal points within
Congress where approaches to island resource
development could be handled and integrated.
This could benefit island officials and strengthen
existing links between the U.S. Government
and the U.S.-affiliated islands. The importance
of the islands to national security will probably
increase in the next decade, making such links
more important. Alternatively, Congress could
establish a congressional Joint Territorial Pol-
icy Study group to analyze island matters re-
quiring congressional action.

Option: Increase Federal Program Goordi-
nation.—Congress could hold oversight hear-
ings on OTIA coordination of Federal agencies
programs and plans for activities in the islands.
Alternatively, or in addition, Congress could
authorize and support establishment of an In-
teragency Coordinating Group on Resource and
Economic Development in U.S.-affiliated Is-

'Moving in this direction, the House Committee on Interior
and Insular Affairs established a new Subcommittee on Insular
and International Affairs early in the 100th Congress.

lands which could represent the relevant Fed-

- eral territorial policy and resource-related Fed-

eral agencies. This group could assess current
insular participation in Federal resource pro-
grams, identify means for integrating programs
within and among agencies into more effective
and cost-effective packages and suggest fund-
ing priorities for technical assistance from the
agencies. Representatives could serve as insu-
lar government contacts with Federal agencies.

Finally, Congress could designate the U.S.
Man and the Biosphere Program (U.S. MAB)
as the lead coordinating agency for Federal
resource-related activities on the islands and
encourage increased coordination between
U.S. MAB, OTIA and other Federal agencies,
in addition to those already involved in U.S.
MAB activities. Research on the ecology and
rational use of small island ecosystems has been
identified as a priority for U.S. MAB support.
Increased support for the U.S. MAB islands
program could allow expansion of research and
training in the U.S.-affiliated islands, especially
in the Pacific, where the MAB Directorate has
been inactive, and could improve coordination
of federally supported, resource-related activ-
ities in the islands.

Option: Review Effectiveness of Federal Is-
land Programs.—Many executive agency pro-
grams focused on island resource issues receive
favorable comment from island resource man-
agers, planners, and government representa-
tives, some do not. To help determine which
approaches have worked best in the islands and
which ones should be modified to improve their
chances of success, Gongress could direct
USDA, NOAA, and USDOI each to evaluate the
effectiveness of their own programs related to
renewable resource management on the islands,
and to appear at oversight hearings related to
island issues.

Alternatively Congress could direct the Gen-
eral Accounting Office to conduct such re-
views. While individual agencies are familiar
with their own programs’ details and likely
could perform reviews more easily, there may
be advantages to having an outside agency per-
form the task.
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Data Collection and
information Management Issves

A first requirement for resource and eco-
nomic development planning in the U.S.-affili-
ated islands is to collect comprehensive and
up-to-date resource, economic, and social data
and make it easily accessible to planners. Tech-
niques also are needed to store, synthesize, ana-
lyze, and manipulate data in ways useful for
resource development planning. With the mod-
ern, reasonably inexpensive computer systems
available today, data storage, synthesis, analy-
sis, and dissemination are not insurmountable
problems.

Existing natural resource databases on most
islands generally are inadequate, as are the
appropriate economic and social data needed
for informed judgments on future island devel-
opment. Efforts to collect data in several broad
areas could greatly assist planners. For exam-
ple, in order to minimize the possibility that
economically or environmentally inappropri-
ate agricultural technologies are introduced on
islands, and to determine which production
technologies have the greatest chance for ready
and profitable adaptation, there is a need for
specific information on existing farm operation
methods. Before new aquaculture or fisheries
technologies are introduced, similar marine re-
source use data must be collected. While local
departments of marine resources collect aquatic
and fisheries data in the Caribbean, there is no
data collection and aggregation structure for
the Pacific Islands.

The U.S.-affiliated islands also have difficulty
identifying what island-relevant Federal data/
information programs exist, and which of vari-
ous Federal agencies house what kinds of data
that might be useful for resource planning.

Option: Analyze Island Databases and In-
formation Management Systems.—Congress
could direct USDOI to lead an interagency task
force with island representation to conduct
a critical evaluation of the natural resource,
social, and economic databases, and data-han-
dling methodologies for the various U.S.-affili-
ated islands. The task force could report to Con-
gress on the status of island databases and on

data management needs of the islands, includ-
ing both equipment and personnel needs. At
subsequent hearings, Congress could determine
appropriate actions. Such an analysis haslong
been needed and could foster improved link-
ages between the Federal agencies and island
governments. However, it may be argued that
immediate direct action to collect needed data
is preferable to ‘“‘another study.”

Option: Assess Federal Data and Informa-
tion Programs Likely To Be of Benefit to the
U.S.-Affiliated Islands.—Congress could di-
rect USDOI to lead another, perhaps subse-
quent, interagency task force with island repre-
sentation to assess the data/information and
programs of each Federal agency likely to ben-
efit islands in integrated renewable resource
management and planning. A summary of find-
ings could be published, and congressional
hearings held. This action could reduce the
possibility of duplicating data collection efforts
or of overlooking Federal programs that could
be applied appropriately to the islands, as well
as expedite island resource-related planning
activities.

Option: Establish Regional Information
Clearinghouse(s).—Congress could establish,
or support one or more existing regional island
centers (e.g., the Pacific Basin Development
Council, East-West Center, Micronesian Area
Research Center Information System, Eastern
Caribbean Center) to act as a clearinghouse for:
Federal announcements on new programs per-
taining to islands; island government an-
nouncements; similar international program in-
formation; market information on agriculture
and aquaculture; and information on specialty,
background, and availability of various island
experts. Once gathered, this information could
be assessed and disseminated to island gov-
ernments.

Such a structure could facilitate and speed
communications between the continental
United States and the affiliated islands, and pos-
sibly between the Pacific and Caribbean re-
gions. However, development of this network
would require additional funding at a time
when new funding is scarce.
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Option: Reactivate USDA Minor Economic
Crops Computer Database.—USDA previously
maintained a database on minor economic
crops, many of which could grow in tropical
climates. This database no longer is kept ac-
tive, and no other similar database is known
to exist. Congress could direct USDA to reac-
tivate, update, and maintain this database, and
continue to include information on: climate and
soil conditions necessary for various crops,
crop yields, nutritional and medicinal proper-
ties of various crops, and their potential for in-
tercropping and for use in agroforestry.

The database provides one mechanism for
information sharing between the Caribbean and
Pacific islands, and historically costs little to
maintain.

Option: Develop Small-Scale Island Farmer
and Fishermen Profiles.—Congress could di-
rect the USDA Extension Service to gather data
and prepare profiles of small-scale farmers in
the U.S.-affiliated islands for use in the proc-
ess of identifying environmentally appropriate
and economically beneficial agricultural tech-
nologies for introduction to the islands. While
such profiles are being developed the rate of
new technological implementation might be
slowed, but the risk of unsuccessful introduc-
tions also may be reduced. In addition, Con-
gress could direct the Sea Grant Marine Exten-
sion Service to develop Artisanal Fisheries
Profiles, similar to the farmer profiles.

Option: Fisheries Statistics Collection.—
Congress could provide funding to the Pacific
Fisheries Development Foundation for island
fisheries statistics collection programs, under
either the Saltonstall-Kennedy grant program
or appropriations to the Central, Western and
South Pacific Fisheries Development Act. Sea
resource atlases could be prepared using these
and other data, perhaps by the U.S. Army Corps
of Engineers, which has prepared atlases for
some Pacific islands.

Congress could also direct the USDA Na-
tional Agricultural Library to provide assis-
tance to the Micronesian Area Tropical Agri-
culture Data Center at the University of Guam
to include appropriate aquaculture informa-

tion. An aquaculture database also could be de-
veloped at the University of Puerto Rico, or
another appropriate Caribbean institution.

Option: Training in Data Collection, Manage-
ment, and Use.—Congress could direct USDOI
in cooperation with USDA to arrange periodic
training programs on computerized data man-
agement techniques and analysis at the land-
grant institutions on U.S.-affiliated islands and
on Hawaii for data managers/users from island
governments. Such programs could integrate
current island databases, expanding their use-
fulness.

Where no local data collection expertise is
available, U.S. agencies could allocate funds
for alocal person to work side by side with Fed-
eral data collectors. This on-the-job training
could emphasize the need for sensitivity to
eventual interpretation of data.

Island governments have limited capability
to conduct research on other than critical lo-
cal needs, and this constrains progress in sev-
eral areas of sustainable resource development.
While insular research centers in tropical agri-
culture and island forestry exist, there are no
corresponding centers for tropical aquaculture
research. Funding for Sea Grant research,
moreover, has been declining and program rep-
resentatives in Puerto Rico and Guam have lit-
tle capability to direct research towards the
needs of other islands.

Federal research organizations have consid-
erable expertise in resource-related fields and
technologies. However, little research is ori-
ented to tropical environments, and still less
is aimed at the social and cultural aspects of
the U.S.-affiliated islands. The findings of
resource-related research conducted in the tem-
perate continental United States do not com-
monly apply to tropical island areas. Reliance
on such research in the implementation of Fed-
eral programs on the islands results in “envi-
ronmental misfits.” This has caused some of
these programs to fail and may even cause hard-
ships to island inhabitants.
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Federal agency research designed for a trop-
ical environment relates mostly to renewable
resource management in tropical developing
countries (i.e., U.S. Agency for International
Development (AID) research). The islands ben-
efit little from this relevant renewable resource
research.

Option: Increase Regional Research and
Information Dissemination Activities.—The
East-West Center was formed in 1972 to pro-
vide analysis of social, political, and other is-
sues for Asia and the Pacific. Congress could
direct the East-West Center to increase resource
research and analysis for the U.S. Pacific is-
lands and increase funding for such activities.
Similarly, Congress could accelerate the devel-
opment of the Eastern Caribbean Center to pro-
vide similar services for the U.S. Caribbean
islands.

Option: Screen U.S.-Funded Research for
Applicability to Tropical Islands.—Congress

could direct USDA’s Office of International Co-
operation and Development and its Forestry Sup-

port Service to screen U.S.-funded research for
findings in agriculture, aquaculture, forestry,
and other renewable resource areas that can
be applied to the U.S. tropical islands, and to
provide this information to the islands. AID,
for example, has accumulated a storehouse of
information on tropical resource management
planning and development in the tropics, large
parts of which might benefit island governments.

A small screening committee within USDA
could use the department’s Current Research
Information System to identify planned or on-
going research of potential benefit to the is-
lands, and could suggest to appropriate re-
searchers possible means of addressing issues
of relevance to the islands in their projects.
Small modifications in some USDA-funded re-
search plans may result in significant contri-
butions to tropical island agriculture if re-
searchers keep island problems in mind.

Option: Link Tropical and Nontropical
Land-Grant Institutions.—Congress could di-
rect AID to develop a mechanism whereby Title
XII-funded research activities of tropical land-

grant institutions on the U.S -affiliated islands.
This would allow for suitability testing of cer-
tain temperate technologies in tropical environ-
ments, and would likely strengthen the island
land-grant institutions’ activities in integrated
renewable resource planning and management,
as well as the United States’ overall competence
in tropical natural resource management.
Travel costs for research exchange between is-
land and U.S. continental researchers would
be high however, reducing the Title XII funds
available for research.

Congress also could direct the U.S. Depart-
ment of State to assist insular government
research organizations in establishing coaper-
ative relationships with regional and interna-
tional research institutions or major universi-
ties which can help with broad strategic and
basic research.

Option: Extend Section 406 Programs and
Funding to All Tropical Land-Grant Institu-
tions.—Congress could extend Section 406 of
the 1966 Food for Peace Act to cover all tropi-
cal land-grant institutions, and provide fund-
ing to pursue the section’s two major goals,
which are: 1) to provide USDA and land-grant
scientists with tropical experience and train-
ing, and 2) to provide foreign nationals with
a place to learn techniques and methodologies
from U.S. specialists under tropical conditions.
Extending funding beyond the two original
tropical institutions to receive Section 406 re-
search funds (the Universities of Hawaii and
Puerto Rico) to the five additional tropical land-
grant institutions that now exist (in Guam,
American Samoa, FSM, CNM], and the Virgin
Islands) could substantially increase tropical
agricultural research in the United States and
its territories, and give island residents local
access to training they commonly must seek
hundreds or thousands of miles away. How-
ever, it may take years for these schools to be-
come as productive in research as the Univer-
sities of Hawaii and Puerto Rico, during which
time substantial funds must be committed.

Option: Expand Tropical Agricultural, For-
estry, and Aquaculture Research.—Congress
could direct USDA to increase support for ap-
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plied research in agriculture and forestry de-
velopment conducted by the tropical agricul-
ture research stations and the institutes of
tropical forestry in Puerto Rico and Hawaii.
Congress could also increase support for basic
and applied NOAA Sea Grant research in vari-
ous aspects of aquaculture and fisheries.

Congress also could direct NOAA to estab-
lish one or more Institutes of Tropical Aqua-
culture Research in the U.S.-affiliated islands
to serve as a center for tropical aquaculture
technology development. The center could be
associated with established Sea Grant institu-
tions, but still be mandated to serve other
islands.

Edvcation, Extension, and
Training Issves

Sustainable resource development programs,
and maintenance of aesthetic, productive envi-
ronments depend heavily on an educated, eco-
logically aware public, technologically capable
and informed practitioners, and skilled man-
agers. While education is well-developed in the
U.S.-affiliated islands, few primary and second-
ary school curricula specifically address island
ecology, agriculture, or fisheries, or the rela-
tionships between environment and develop-
ment, and between resources and traditional
cultures. Moreover, most Pacific island colleges
are 2-year community colleges necessitating off-
island undergraduate and graduate level study.

Even where research information is available,
and technologies appropriate to island condi-
tions have been identified, implementation can
fail if the pertinent information is not extended
to potential practitioners. In part because grad-
uate education is weak or absent, technologi-
cally trained personnel and people capable of
providing training or technical advice are
scarce on most islands.

Island extension offices tend to be small, un-
derfunded, and overworked, all of which hin-
der their effectiveness in technology transfer.
In addition, neither local land-grant colleges
nor local governments in the Pacific have ade-
quate funds to maintain the staff needed to

reach remote and outlying populations. Sirmi-
larly, the Marine Advisory Services of the Sea
Grant programs at the Universities of Hawaii
and Puerto Rico lack the staff and funds to pro-
vide assistance to other U.S.-affiliated islands,
although both are interested in doing so.

Option: Develop Environmental Education
Programs.—Congress could direct the U.S. De-
partment of Education’s Office of Education
Research and Improvement, in cooperation
with various island government units and pro-
grams involved in environmental education, to
assess ecology curricula materials for poten-
tial use in island schools. Where appropriate,
financial assistance could be provided to dis-
seminate identified materials and to develop
primary and secondary school ecology cur-
ricula.

Development of an “‘environmental ethic” in
this way could reduce the need for regulatory
and incentive programs to maintain environ-
mental quality; however, some regulatory meas-
ures and incentives are still needed to prevent
resource and environmental degradation in the
short term. Early education in ecology could
also spark student interest in resource-related
careers.

Option: Increase Island Training and Exten-
sion Services.—Congress could direct USDA,
NOAA, and USDOI to develop joint training
workshops for field extension agents in the is-
lands, and to apprise extension agents of the
assistance opportunities offered by both local
and Federal agencies.

Congress also could direct USDA to increase
support of insular agricultural extension pro-
grams to allow expansion to remote popula-
tions. Congress also could direct NOAA to in-
crease Sea Grant assistance in training and
extension for aquaculture, fisheries, and ma-
rine resource management for islands having
Sea Grant representatives, and to make such
services available to the other U.S.-affiliated
islands. This will require identification and
funding of new personnel.

Congress also could direct the U.S. Fish and
Wildlife Service and NOAA Office of Sea Grant



36 ¢ Integrated Renewable Resource Management for U.S. Insular Areas

jointly to supply a resident scientist to the re-
gions to provide expert advice on aquaculture
species introductions, and to conduct the nec-
essary backup research.

Incentive Issves

Incentives, or removal of disincentives may
be necessary to encourage island peoples to
undertake new or potentially high economic
risk activities. These could initially include
availability and knowledge of potentially prof-
itable technologies (provided by research and
extension) and ability to implement them (pro-
vided by education and training). Incentives
can be technical (marketing assistance), or fi-
nancial (cost-sharing). Agricultural producers,
for example, must have accurate, thorough mar-
ket information, and may need help in access-
ing markets for their products. Cost-sharing
programs have, in some cases, formed the ba-
sis for local government activities to develop
resource enterprises.

Some analysts argue that eligibility for and
participation in U.S. income support programs
creates a disincentive to investing money and
labor in resource-related enterprises in the U.S.-
affiliated islands.

Option: Marketing Assistance.—Congress
could direct USDA’s Agricultural Marketing
Service to assist insular governments through
three major programs:

1. the Federal-State Marketing Improvement
Program, which provides funds to States
to solve marketing problems through Fed-
eral-State cooperation;

2. Market News, which provides timely in-
formation on prices, demand, movement,
volume, and quality of all major agricul-
tural commodities; and

3. Agricultural Product Grading, which pro-
vides producers and marketers with mean-

ingful grades indicative of agricultural
product quality.

Congress could also direct the Department
of Commerce to have NOAA’s Office of Sea
Grant programs assess aquacultural marketing
and economics issues for island aquaculture
development.

Option: Establish Insular Resource Man-
agement Cost-Sharing Programs.—Congress
could establish and authorize a new USDA pro-
gram to provide cost-sharing and technical
assistance to individuals undertaking federally
approved agriculture, soil conservation, for-
estry, fishery, and aquaculture activities. Lo-
cal administration of such a program would
mitigate travel and other problems.

Option: Analyze Income and Other Support
Programs.—Congress could direct USDA and
the Department of Health and Human Services
(DHHS) jointly to analyze eligibility formulae
for social aid, and nutritional and other impacts
of such aid. If there are large numbers of peo-
ple who participate, but do not substantially
benefit from aid programs, support funding
could be gradually reduced, or partially
redirected to cost-sharing programs.

Congress could direct USDA to assess and
report on the current and potential role of lo-
cal produce in island school hot lunch and other
food and nutrition programs, addressing ques-
tions of nutrition, and possible economic im-
pacts, and suggesting a target level for home-
grown contributions. Increased use of locally
grown foods in such programs could provide
markets and incentives for expanded island
agricultural activities and thus, increased eco-
nomic benefits to the islands. However, local
storage and refrigeration facilities may not be
adequate to assure regular delivery. Food ac-
cessibility at open markets may also decline.
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Chapter 2
Introduction

INSULAR RELATIONSHIPS TO THE FEDERAL GOVERNMENT

The U.S.-affiliated tropical islands have a
wide range of relationships to the U.S. Govern-
ment (table 2-1). Two are commonwealths—
Puerto Rico and the Northern Mariana Islands
(NMI)—having local autonomy but voluntarily
associated with the United States. The U.S. Vir-
gin Islands, American Samoa, and Guam are
unincorporated territories (to which only cer-
tain provisions of the U.5. Constitution have
been expressly extended) under the administra-
tion of elected Governors. Finally, the Repub-
lic of the Marshall Islands (RMI), and the Fed-
erated States of Micronesia (FSM) (which,
together with the NMI and the Republic of
Palau form the former Trust Territory of the
Pacific Islands) have signed agreements with
the United States to become Freely Associated
States.!

The peoples of Puerto Rico and the territo-

ries of Guam and the U.S. Virgin Islands are
U.S. citizens, those of Palau and American
Samoa are U.S. nationals. Guam, American
Samoa and the USVI are represented in the U.S.
Congress by nonvoting Delegates. Puerto Rico

1Although Puerto Rico is a Commonwealth of the United States,
it is referred to as “Estado Libre Asociado” or free associated
state. This should not be confused with the legal relationship
defined by free association with the Freely Associated States
in the Pacific.

is represented by a nonvoting Resident Com-
missioner. The Resident Commissioner and
Delegates sit in the House of Representatives,
have a voice in legislation pertaining to their
islands, and can vote in Committee. While the
territories are eligible for many Federal pro-
grams on the same basis as a State, the islanders
do not contribute to the national treasury
through Federal income taxes.

Determination of U.S. policy for the territo-
ries is within the jurisdiction of Congress. Al-
though Congress has given the Secretary of the
Interior certain authorities and responsibilities
toward these territorial governments (exclud-
ing Puerto Rico), and many Federal programs
are available to them, the territories are not
agencies or instrumentalities of the Executive
Branch of the Federal Government.

A U.S. commonwealth is an autonomous
government in voluntary association with the
United States. It is responsible for its own wel-
fare and has full legislative authority. Puerto
Ricans were granted U.S. citizenship in 1917
and Puerto Rico’s Constitution was approved
by the electorate in 1952. The Northern Mari-
ana Islands in effect became a commonwealth

Table 2-1.—United States-Insular Area Relationships

Relationship to the

Insular area Initiation of U.S. administration United States
Puerto Rico ... 1898 (ceded to the United States) Commonwealth

U.S. Virgin Islands . ................. ..., 1917 (purchased from Denmark)  Unincorporated territory
American Samoa. . ........................ 1900 (ceded to the United States) Unincorporated territory
Guam ... 1898 (ceded to the United States) Unincorporated territory
Northern Mariana Islands................... 1946 (U.S. Strategic Trusteeship) Commonwealth
Marshall islands . .. ....................... 1946 (U.S. Strategic Trusteeship) Freely Associated State
Federated States of Micronesia ....... ... ... 1946 (U.S. Strategic Trusteeship) Freely Associated State
Palau. ......... . 1946 (U.S. Strategic Trusteeship) Strategic Trusteeship?

FExpected to become Freely Associated State in 1967,
SOURCE: Office of Technology Assessment, 1987,
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in 1978,2 but remained officially a part of the
Trust Territory of the Pacific Islands until its
dissolution in 1986.

Unincorporated Territories

Unincorporated territories are not integral
parts of the United States and no promise of
statehood or a status approaching statehood is
held out to them. Only certain parts of the U.S.
Constitution apply to unincorporated territo-
ries. And, unlike States which write their own
constitutions, the laws and principles that pre-
scribe the nature, functions, and limits of a ter-
ritorial government are determined by Con-
gress (13).

Guam was annexed from Spain at the close
of the Spanish-American War. Although rela-
tions between the Government of Guam and
the U.S. Government also are conducted under
the jurisdiction of the Department of the In-
terior, residents of Guam elect their own offi-
cials. Most aspects of the U.S. Constitution ap-
ply to Guam. Similar to Guam, the American
Samoa Government is semiautonomous and
operates under a constitution adopted in 1960.
American Samoa has been administered by the
United States since 1900. The U.S. Virgin Is-
lands were sold by the Danish Government to
the United States in 1917. U.S. citizenship was
granted to Virgin Islanders in 1927.

Freely Associated States

The Freely Associated States, along with the
Northern Mariana Islands, comprise the Trust
Territory of the Pacific Islands {TTPI), the last
of 11 trusteeships established under United Na-
tions’ sanction after World War II. Despite pre-
liminary agreements, the Compact of Free
Assaciation with the Republic of Palau has not
yet received 75 percent Palauan approval in a
plebiscite vote and, therefore, has not been ap-
proved by the United States or the United Na-
tions. Until the Compact with Palau is approved
by the United Nations and the trusteeship is

The Northern Mariana Covenant (Public Law 94-241) was
passed by Congress in 1976, but the major part of the Covenant
did not become effective until 1978 when the Commonwealth
government was installed.

dissolved, the United States retains its respon-
sibility to promote the economic advancement
and self-reliance of these islands.

The trusteeship was intended as a temporary
arrangement under which the United States ac-
cepted the responsibility of advancing the TTPI
—politically, socially, economically, and edu-
cationally—toward greater self-reliance, includ-
ing undertaking obligations to:

... promote the economic advancement and
self-sufficiency of the inhabitants, and to this
end shall regulate the use of natural resources;
encourage the development of fisheries, agri-
culture and industries; [and] protect the inhabi-
tants against the loss of their lands and re-
sources (Trusteeship Agreement for the United
States Trust Territory of the Pacific Islands, Ar-
ticle 6(2)).

The United States also was charged with pre-
paring the Micronesians for a political status
of their own choosing.

Civilian administration of the TTPI was the
responsibility of the Department of the Interior,
but each administrative district was given the
opportunity to determine its own form of gov-
ernment and degree of independence from the
United States. By January 1981, each emerg-
ing entity had installed a constitutional govern-
ment with democratically elected officials.

The Commonwealth of the Northern Mari-
ana Islands was established and separated from
the other existing TTPI entities in 1978, al-
though some relations between the Northern
Marianas and the U.S. Government continued
under the jurisdiction of the Department of the
Interior. Two of the remaining political enti-
ties—the FSM (Yap, Truk, Pohnpei, and Kos-
rae), and the RMI—have signed Compacts of
Free Association with the United States; the
FSM and RMI compacts were approved by the
United States in early 1986 and put into effect
at the end of the year.s

Free association allows the polities full con-
trol of internal and external affairs while de-

3Because approval of a Compact of Free Association with the
Republic of Palau is expected shortly, Palau shall be referred
to as a Freely Associated State in the remainder of this assess-
ment unless otherwise indicated.



Ch. 2—Introduction * 41

fense and security responsibilities are delegated
to the United States. They become eligible for
foreign aid from international organizations,
such as the Asian Development Bank. Finally,
they are guaranteed a specified level of fund-

ing from the United States (15 years for the RMI
and FSM and 50 years for Palau) part of which
must be directed to planning long-term eco-
nomic development.

THE IMPORTANCE OF U.S.-AFFILIATED ISLANDS
TO U.S. NATIONAL SECURITY

The U.S -affiliated islands are of considerable
importance to national security, and the United
States is committed to their defense and to
maintaining lines of communication to and
through them. The islands vary in strategic im-
portance, but all represent the U.S. presence
in spheres of strategic interest.

The U.S.-affiliated Caribbean islands are of
special security significance to the United States,
primarily because of their close proximity to
Caribbean and Central American countries.
Puerto Rico is of particular significance due
to the presence of major naval installations
there and its location astride major routes of
communication. The Caribbean area has been
viewed as ‘“‘America’s third border” and, thus,
expansion of inimical forces or influence in this
area is likely to be viewed with alarm (9).

Although the U.S.-affiliated Pacific islands
do not play an important role in current or pro-
jected Department of Defense programs, they
might likewise be viewed as the United States’
fourth border. According to the Annual Report
of the Secretary of Defense to Congress for fis-
cal year 1986, at least 30 percent of U.S. trade
is conducted with the nations of East Asia, and
five of our mutual security treaties link us with
East Asian countries (9). Only a few islands (e.g.,
Guam, Kwajelein) have major U.S. bases; the
U.S. Navy, however, has a keen interest in cer-
tain contingency base rights in the Northern
Mariana Islands and Palau. (See app. B for a
brief discussion of military installations and
activities in the U.S.-affiliated islands.)

ECONOMIC DEVELOPMENT IN U.S.-AFFILIATED ISLANDS:
THE PROBLEM

U.S. policy towards the insular areas is
founded on common interests in the creation
of close and mutually beneficial relationships
between the insular governments and the U.S.
Government. As such, the United States has at-
tempted to encourage political self-determina-
tion and promote economic advancement and
self-reliance in the territories while protecting
its national security interests in the Pacific and
the Caribbean. Thus, applicable Federal pro-
grams are extended to some or all of the terri-
tories, and their special needs are recognized
in direct assistance to the territories.

Many U.S. islands are highly dependent on
U.S. financial assistance for local government

revenues. For example, the Federal portion of
Micronesian government revenues ranges from
30 percent (CNMI) to 87 percent (FSM) (17).
Puerto Rico is a notable exception, deriving
nearly two-thirds of its annual operating bud-
get from internal sources (10). Nearly $5 bil-
lion are spent annually by the U.S. Government
in direct financial assistance and under Fed-
eral programs to the territories (16). Much of
these funds are used, in turn, to purchase food
and other goods and services, primarily from
the United States. Imports greatly exceed ex-
ports on many islands, and on most local food
production has been declining. A combination
of geographical, socioeconomic, and ecologi-
cal factors hinder the sustainable management



42  Integrated Renewable Resource Management for U.S. Insular Areas

and development of renewable resources in the
U.S. territories (table 2-2).

Ecological Factors

The nature of tropical land and nearshore re-
sources constrain the applicability of resource
development and management technologies
which have been developed for temperate areas.
The islands have considerable diversity in soil
types and, although fertile soil types exist on
some islands, soil fertility generally is low com-

Table 2-2.—General Characteristics of Islands

Ecological characteristics:
¢ small size,
¢ narrow range of natural resources,
* little natural organic biological diversity,
* distance from continents and external competition
fosters species endemism,
generally little overall ¢limatic variability, but potential
for climatic upsets,
s ecologic vulnerability, and
¢ tendency toward ecologic instability when isolation is
breached.

Geographical characteristics:

¢ relative isolation;

* acompletely circumferential sea frontier and EEZ, giv-
ing a high ratio of EEZ to island land mass resulting in
very high importance of sea v. land resources;

* nointernal land transport option to link the islands mak-
ing up a polity or to link the island to other countries,
only air and sea transport; and

¢ no interior hinterland or central terrestrial core area that
is essentially distant from the sea such that coastal
resource planning and management is essentially syn-
onymous with national resource planning and man-
agement.

Socioeconomic characteristics:

¢ more dependent on foreign trade than large countries
and having less influence on the terms in which that
trade is carried on;

¢ a narrow range of resources and, hence, specialized
economies;

* heavily dependent on one or more large foreign com-
panies;

* dependent for key services on external institutions such
as universities, regional training facilities, banking and
marketing arrangements;

¢ a narrow range of local skiils and specific difficulty in
matching local skills with jobs;

« difficulty in providing some infrastructure services as
there may be costly diseconomies of scale in the provi-
sion of such services; and

¢ asmall Gross Domestic Product such that import sub-
stitution industries may face special difficulties.

SOURCE: E. Towle, The Island Microcosm, prepared for the U.S. National Park

Service under contract to the U.S. Agency for international Develop-
ment, 1883.

pared to most temperate soils, and to the nutri-
ent needs of the high-yielding crops used in in-
tensive agriculture. For example, three-quarters
of Puerto Rico is covered by relatively infertile
soils (i.e., soils rated 6 or higher on a 1to 10—
best to worst—scale of soil productivity) (12).

Not only do infertile soils require greater
amounts of fertilizer per acre for crop and pas-
ture management, but they require more fre-
quent applications. A deficiency of organic ma-
terial in infertile soils hinders their ability to
adsorb needed plant nutrients. Consequently,
plant nutrients may be lost to leaching and ero-
sion during heavy rains. Much of the land is
not suitable for clean-cultivated crops due to
erosion hazards. However, land management
practices which include soil building through
a good fertility program and erosion control
may increase soil fertility over time.

Moreover, past poor land-use practices have
degraded land resources in the U.S. Caribbean
and Pacific and have resulted in significant
amounts of abandoned land. Colonial histories
of each of these areas contain an era of land
exploitation for agricultural export which re-
sulted in loss of vegetative cover over large
areas and intensive production of only a few
crops. Most of the local soils have minimal fer-
tility. Once cleared, continued exposure to
strong sunlight, heavy rainfall, and erosion re-
duced their marginal fertility further.

The consequences of this land degradation
are widespread. Erosion rates have increased;
for example, soil erosion rates in the Caribbean
have reached as high as 18 times the U.S. aver-
age (14). Land clearing on many islands has re-
sulted in turbid, erratic, and intermittent stream
flow. Erratic freshwater flows and siltation
from land runoff endangers coral reefs and
other nearshore productive marine ecosystems.

Mangrove forests, which serve as natural
filters and as breeding grounds for many aquatic
species, have been overexploited for timber in
many areas and some have been destroyed by
impacts from development activities. The loss
of mangrove forests further exposes marine
ecosystems to degradation. Thus, the physical
potential for local food production may be de-
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clining along with the incentives to undertake
sustainable resource development.

Tropical ocean nutrient levels are lower than
in temperate regions and primary biological
production is correspondingly reduced. Con-
versely, the coral reef environment has high
levels of biological activity made possible by
organisms which increase available nitrogen
and recycle nitrogen and other nutrients within
the ecosystems. Despite seemingly large reef
and lagoon areas, the size of the U.S. islands’
productive nearshore areas is smaller than in
other islands where commercial fisheries have
developed (e.g., the Bahamas). The continen-
tal shelf of Puerto Rico and the U.S. Virgin Is-
lands combined is less than 3,000 square miles,
of which less than half is considered highly
productive. The U.S.-affiliated Pacific islands
are not associated with continental shelves, but
with steeply sloping drop-offs into deep acean.
A substantial submerged reef area exists (ap-
proximately 14,287 square nautical miles) near
the Pacific islands of Yap and Truk, and has
been the site of a highly productive fishery in
the recent past (18).

Coral reef systems and the associated sea-
grass beds and mangrove swamp forests are
responsible for much of the islands’ nearshore
fisheries potential. Unlike temperate areas,
nearshore tropical fish stocks tend to be diverse
and diffuse, rarely aggregating in large schools
or beds (for invertebrates). The multispecies na-
ture of most tropical fishery stocks means that
catches often contain a mixture of high-value
and less desirable species.

Perhaps beneficial for sustained populations
of nearshore species, the rugged coral reef to-
pography makes it impossible to use towed,
nonselective gear (e.g., trawls) employed in
many commercial fisheries. However, these
and most other tropical island ecosystems are
more vulnerable to degradation than most tem-
perate systems.

Geographical Factors

Of the U.S.-affiliated islands, only Puerto Rico
contains a population significantly greater than

100,000 inhabitants. Large population centers
in the U.S.-affiliated Pacific islands charac-
teristically are 10,000 to 20,000. The Microne-
sian islands are scattered widely over 3 million
square miles of the Pacific Ocean—an area as
large as the contiguous United States, yet, their
total land area is about two-thirds that of Rhode
Island. Modern concepts of mass production,
distribution, marketing, and competition can-
not be applied on such small scales, Moreover,
transportation and communications by conven-
tional means is difficult and expensive.

Socioeconomic Factors

All of the island territories exhibit a high ra-
tio of imports to exports, particularly in food.
The high level of imports compared to local pro-
duction means that funds transferred to the ter-
ritories have little impact on economic devel-
opment. These funds leave the economies in
payments for imports. Due to rapidly growing
populations and rising aspirations, reducing
consumer demand for imported products seems
unlikely.

Population growth rates in the U.S -affiliated
Pacific and Caribbean islands increased con-
siderably faster than the 4.2 percent U.S. pop-
ulation growth between 1980 and 1984 (8). Only
Puerto Rico, with a growth rate of 2.3 percent,
was below the United States for this period (8).
Such population growth rates may be supported
only by readily available emigration opportu-
nities; for example, 2 million Puerto Ricans live
in the mainland United States (1) and more
American Samoans live in the United States
than in Samoa (7). At the same time, migration
into the islands from the United States and sur-
rounding islands is high.

Present and future human needs and labor
availability are reflected, in part, by an island’s
overall demographic pattern. Population pyra-
mids (figure 2-1) for many islands have a shape
more like those of developing countries than
developed countries. For instance, nearly 50
percent of most island populations are below
15 years of age, creating a large sector depen-
dent on the working age population (2,3,4,5,6,7).
This indicates that each year increasing num-
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Figure 2-1.-——Comparison of Typical Population Pyramids

85+ ™
80 84
75 79~
70 74+
65 69—
60 64—
55 59—
50 54—
45 49—
40 44+
35 39+
30 34—
25 294
20 24
15 19+
10 144
59
04 <4

=) Males

[T Females

e

I
6 543210123456 654321

Percentage of total population

Developed
country

SOURCE: Office of Technology Assessment, 1987.

bers will enter the work force and the demand
for goods and services will increase signifi-
cantly.

Such population distributions can be altered
quickly either by in- or out-migration, but where
the people come from or go to poses additional
concerns. The major urbanized centers—most
of which are on coastlines—are growing rap-
idly whereas the rural population is decreas-
ing. Consequently, the choice of technologies
will be influenced by the changing population
characteristics in island rural and urban areas.

Sustainable renewable resource management
depends not only on the capability of the eco-
logical resources, but also on availability of
skilled labor and willingness to engage in re-
source management and development activi-
ties. Although all of the islands have rapidly
growing populations, many young adults seek
education and employment in the U.S. main-
land. Many of those who remain either depend
on extended family relationships or social sup-
port programs to supply their needs. Most for-

Percentage of total population

Developing
country

6 5432101234586

Percentage of total population

Region with substantial
out-migration of the
working-age population

mal labor is captured by local governments and
services for the public sector and its employ-
ees. Wages, security, and prestige are higher
in government employment. Skilled labor, train-
ing, and interest in the productive sectors of
agriculture and fisheries are low on all the
islands.

Land tenure systems and opportunities for
acquiring land pose considerable obstacles to
commercial development of renewable re-
sources. Traditional values of Micronesians
and Samoans place great prestige on land and
other resource use rights. This results in in-
creasing fragmentation of parcels over time,
as ownership is retained in families that have
increased in size. In addition, land often is com-
munally held in the U.S.-affiliated Pacific is-
lands. Acquiring land for commercial use—
where the products of the property are not to
be used for subsistence and sharing—may be
difficult or impossible. For example, a recent
U.S. District Court decision upheld an Amer-
ican Samoan law that communally owned land
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(90 percent of the land area) can be transferred
only to a person of at least 50 percent Samoan
blood (11). (See app. C for a discussion of in-
tegration of modern and traditional legal sys-
tems in the U.S.-affiliated Pacific islands.)

In the more developed—and more western-
ized—islands of Guam, Saipan, Puerto Rico,
and the U.S. Virgin Islands, fee-simple land
ownership is more common, However, on these
islands competing land uses, such as residen-
tial and tourism development, push land values
beyond the reach of many potential entrepre-
neurs. The price of rural land has come to re-
flect scarcity rather than productivity. Second-

growth forestlands in Puerto Rico may cost
$1,000 to $2,000 per acre and land values in
the U.S. Virgin Islands have exceeded $10,000
per acre (14).

Further, rapidly appreciating land values re-
duce incentives to derive productive use of
lands held for speculation. Consequently, much
land lies idle awaiting development. Puerto
Rico maintains a law against private individ-
uals or corporations holding more than 500
acres and, in general, the land is in small hold-
ings. Nearly 85 percent of the land ownerships
are less than 48 acres (15).

GOALS OF RENEWABLE RESOURCE MANAGEMENT
AND DEVELOPMENT

Increasing the economic self-reliance of the
islands is the most often stated objective of
renewable resource development in the U.S.-
affiliated islands. However, self-reliance should
not be interpreted to mean economic independ-
ence, but rather a healthy interdependence
within regional and world economies. Economic
self-reliance can be defined as an economy’s
capacity to produce to meet as many domestic
needs as is economically feasible and to gain
the revenue, through exports, to pay for the
imports required to support an acceptable stand-
ard of living. Even with this definition, increas-
ing self-reliance in economies heavily depen-
dent on outside aid and with large (in relation
to resources) and growing dependent popula-
tions will be extremely difficult.*

A mechanism for increasing economic self-
reliance is to develop a skilled and active pri-
vate sector. Efforts to undertake such develop-
ment reflect myriad subgoals, including:

“Unless resident populations are stabilized (through reduction
in population growth rates or continued free emigration), sub-
stantial improvements in self-reliance are unlikely. Technologies
directly related to population growth are outside the scope of
this assessment but have been addressed in another OTA assess-
ment, U.S. Congress, Office of Technology Assessment, World
Population and Fertility Planning Technologies: The Next 20
Years, NTIS order #PB 82- (Springfield, VA: National Technical
Information Service, February 1982).

* provision of employment, especially in ru-
ral areas,

* provision of stable incomes for commonly
risk-averse producers,

* reduction in consumer food prices,

* reduction in rural or outer island to urban
migration,

* development of private sector technical
and managerial skills,

* stabilization of personal and national rev-
enues through diversification oflocal pro-
duction, and

» safeguarding valuable human and natural
resources.

Thus, resource development projects and
technologies that can contribute to the achieve-
ment of several of these objectives while offer-
ing acceptable yields and profitability are pre-
ferred to those designed solely to maximize
yields or profits.

In addition, a number of conditions (which
also can be thought of as goals) under which
renewable resource and other development
must be evaluated for acceptability may be de-
rived. Generally, development policies, pro-
grams, and projects are sustainable and, thus,
desirable if they:
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do not reduce the long-term productivity
of the resources involved;

do not degrade nearby or “downstream"
environments, be they terrestrial, riverine,
or marine;

do not irrevocably reduce future develop-
ment options; and

do not unacceptably conflict with local cul-
tures and customs.

Few forms of economic development can sat-
isfy all of these objectives and conditions. The

10.

decision as to which objectives will receive pri-
ority, which resources and areas will be devel-
oped, and which technologies and technology
systems will be encouraged or implemented de-
pend on far more than feasibility and profit-
ability; they depend on the acceptability of their
economic, social, political, and environmental
impacts.
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Island Structure and Resource Systems

ISLAND FORMATION

Islands in tropical waters of the Pacific Ocean
and the Caribbean Sea commonly bring to mind
only white sandy beaches backed with a fringe
of coconut palm trees. Yet, a close examina-
tion of the form and geology of the islands
shows that major differences exist between is-
land types that significantly affect opportuni-
ties for renewable resource management and
development. These fundamental differences
play an important role in determining what
kinds of technologies can be applied that are
likely to prove productive for island residents
over the long term and which others, though
perhaps leading to short-term gains, ultimately
may produce long-lasting adverse impacts on
the island resource base—the soil, water, vege-
tation, and wildlife.

Details of the geologic formation of the is-
lands are beyond the scope of this assessment.
Nevertheless, a simple fourfold classification
of island types based on their geology should
assist the reader in assessing potential impacts
to an island’s environment from proposed tech-
nological applications. In addition, it should
help to improve understanding of why island-
ers, past and present, have chosen particular
methods of resource use.

Although many of the islands’ origins relate
largely to volcanic processes, their name clas-
sification only partly reflects this. The four cat-
egories of islands used in this assessment are:
high volcanic islands, atolls and low coral is-
lands, raised limestone islands, and continen-
tal islands.

High Volcanic Islands

High volcanic islands are the cone-shaped
peaks of volcanoes (perhaps 1,000 feet or more
in altitude) that extend upward from the ocean
floor. The conical shape is preserved best on
young volcanic islands; older islands become

deeply incised with stream valleys because of
erosion from running water {figure 3-1 (A)).
Some volcanoes are still active such as Pagan
Island in the Northern Mariana Islands; some
are dormant such as Sariguan in the Northern
Mariana Islands; and others are extinct such
as Pohnpei or Kosrae. Measured from the sea
floor to the island summits, these volcanoes rep-
resent some of the highest mountains in the
world. The predominant rock forming the vol-
canic islands is basalt, a dark-colored igneous
rock rich in minerals containing silicon, alu-
minum, calcium, magnesium, and iron as dom-
inant elements.

Once volcanoes reach the ocean’s surface,
marine organisms like corals, algae, and
sponges start to grow and reproduce on the bot-
tom of the sunlit, warm nearshore waters that
surround the new island. In the early stages of
growth, the marine organisms of the colony
grow on one another until they reach the sur-
face of the water. Coral structures that are close
to the island (generally within one-quarter of
a mile from shore) and often surround it, are
called fringing reefs. Such reefs may become
barrier reefs if the central island begins to sub-
merge. Barrier reefs generally are 1 to 5 miles
offshore and are separated from the island by
a lagoon which is relatively deep (60 to 300 feet)
(40).

Many volcanic islands over geologic time
have slowly subsided beneath the ocean sur-
face. The living marine organisms of the sur-
rounding reefs in many cases have been able
to grow rapidly enough to keep their surfaces
at or near sea level, thus offsetting the rate at
which the volcanic island subsides. Through
this process, the reefs can maintain their exis-
tence even when the enclosed island gradually
sinks below the ocean’s surface. With the dis-
appearance of the central island, the ringlike
reef complex then becomes an atoll.

49
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Figure 3-1.—Depiction of Island Types
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SOURCE: Office of Technology Assessment, 1986.

Atoll Islands

Atolls are low-lying, narrow, ring-like coral
reefs composed of highly permeable coralline
limestone (calcium carbonate) derived from the
remains of marine reef organisms. Individual
atoll islands occur as part of the atoll reef and
rise only a few feet to a few tens of feet above
mean high tide. For example, the highest point
in the Marshall Islands is 25 feet above sea level
on Likiep Atoll (40). Atolls enclose a lagoon of
several feet to several hundred feet in depth.

Internal drainage

Submarine landslides, wave action, currents,
tides, and storms commonly produce or main-
tain breaks in the atoll thereby providing boats
or ships with passages connecting the open sea
with the shallow lagoon (figure 3-1 (B)).

Growth of atoll reefs is greatest on their wind-
ward sides where the food supply is highest 