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EXECUTIVE SUMMARY

The Magnuson-Stevens Fishery Conservation and Management Act (MSA) authorizes fishery
management councils to create fishery management plans (FMP). The Western Pacific Regional
Fishery Management Council developed this Fishery Ecosystem Plan (FEP) as an FMP,
consistent with the MSA and the national standards for fishery conservation and management.
The FEP represents the first step in an incremental and collaborative approach to implement
ecosystem approaches to fishery management in American Samoa.

Since the late 1970s, the Council has managed fisheries throughout the Western Pacific Region
through separate species-based fishery management plans (FMP) — the Bottomfish and
Seamount Groundfish FMP (WPRFMC 1986a), the Crustaceans FMP (WPRFMC 1981), the
Precious Corals FMP (WPRFMC 1979), the Coral Reef Ecosystems FMP (WPRFMC 2001) and
the Pelagic FMP (WPRFMC 1986b). However, the Council is now moving towards an
ecosystem-based approach to fisheries management and is restructuring its management
framework from species-based FMPs to place-based FEPs. Recognizing that a comprehensive
ecosystem approach to fisheries management must be initiated through an incremental,
collaborative, and adaptive management process, a multi-step approach is being used to develop
and implement the FEPs. To be successful, this will require increased understanding of a range
of issues including biological and trophic relationships, ecosystem indicators and models, and the
ecological effects of non-fishing activities on the marine environment. This FEP, in conjunction
with the Council's Hawaii Archipelago, Mariana Archipelago, Pacific Remote Island Areas, and
Pacific Pelagic FEPs, incorporates by reference and replaces the Council's existing Bottomfish
and Seamount Groundfish, Crustaceans, Precious Corals, Coral Reef Ecosystems and Pelagics
Fishery Management Plans (and their amendments) and reorganizes their associated regulations
into a place-based structure aligned with the FEPs.

The American Samoa Archipelago FEP establishes the framework under which the Council will
manage fishery resources, and begin the integration and implementation of ecosystem
approaches to management in American Samoa. This FEP does not establish any new fishery
management regulations at this time but rather consolidates existing fishery regulations for
demersal species. Specifically, this FEP identifies as management unit species those current
management unit species known to be present in waters around American Samoa and
incorporates all of the management provisions of the Bottomfish and Seamount Groundfish
FMP, the Crustaceans FMP, the Precious Corals FMP, and the Coral Reef Ecosystems FMP that
are applicable to the area. Although pelagic fishery resources play an important role in the
biological and socioeconomic environment of these islands, they will be managed separately
through the Pacific Pelagic FEP.

In addition, under the American Samoa Archipelago FEP, the organizational structure for
developing and implementing Fishery Ecosystem Plans explicitly incorporates community input
and local knowledge into the management process. This FEP also identifies topics in ecosystem
approaches to management and identifies 10 overarching objectives to guide the Council in
further implementing ecosystem approaches to management.



Future fishery management actions are anticipated to incorporate additional information as it
becomes available. An adaptive management approach will be used to further advance the
implementation of ecosystem science and principles. Such actions would be taken in accordance
with the Magnuson-Stevens Fishery Conservation and Management Act, the National
Environmental Policy Act, the Endangered Species Act, the Marine Mammal Protection Act, and
other applicable laws and statutes.
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DEFINITIONS

Adaptive Management: A program that adjusts regulations based on changing conditions of the
fisheries and stocks.

Bycatch: Any fish harvested in a fishery which are not sold or kept for personal use, and
includes economic discards and regulatory discards.

Barrier Net: A small-mesh net used to capture coral reef or coastal pelagic fishes.

Bioprospecting: The search for commercially valuable biochemical and genetic resources in
plants, animals and microorganisms for use in food production, the development of new
drugs and other biotechnology applications.

Charter Fishing: Fishing from a vessel carrying a passenger for hire (as defined in section
2101(21a) of Title 46, United States Code) who is engaged in recreational fishing.

Commercial Fishing: Fishing in which the fish harvested, either in whole or in part, are
intended to enter commerce or enter commerce through sale, barter or trade. For the
purposes of this Fishery Ecosystem Plan, commercial fishing includes the commercial
extraction of biocompounds.

Consensual Management: Decision making process where stakeholders meet and reach
consensus on management measures and recommendations.

Coral Reef Ecosystem (CRE): Those species, interactions, processes, habitats and resources of
the water column and substrate located within any waters less than or equal to 50 fathoms
in total depth.

Critical Habitat: Those geographical areas that are essential for bringing an endangered or
threatened species to the point where it no longer needs the legal protections of the
Endangered Species Act (ESA), and which may require special management
considerations or protection. These areas are designated pursuant to the ESA as having
physical or biological features essential to the conservation of listed species.

Dealer: Any person who: (1) Obtains, with the intention to resell management unit species, or
portions thereof, that were harvested or received by a vessel that holds a permit or is
otherwise regulated under this FEP; or (2) Provides recordkeeping, purchase, or sales
assistance in obtaining or selling such management unit species (such as the services
provided by a wholesale auction facility).

Dip Net: A hand-held net consisting of a mesh bag suspended from a circular, oval, square or

rectangular frame attached to a handle. A portion of the bag may be constructed of
material, such as clear plastic, other than mesh.
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Ecology: The study of interactions between an organism (or organisms) and its (their)
environment (biotic and abiotic).

Ecological Integrity: Maintenance of the standing stock of resources at a level that allows
ecosystem processes to continue. Ecosystem processes include replenishment of
resources, maintenance of interactions essential for self-perpetuation and, in the case of
coral reefs, rates of accretion that are equal to or exceed rates of erosion. Ecological
integrity cannot be directly measured but can be inferred from observed ecological
changes.

Economic Discards: Fishery resources that are the target of a fishery but which are not retained
because they are of an undesirable size, sex or quality or for other economic reasons.

Ecosystem: A geographically specified system of organisms (including humans), the
environment, and the processes that control its dynamics.

Ecosystem-Based Fishery Management: Fishery management actions aimed at conserving the
structure and function of marine ecosystems in addition to conserving fishery resources.

Ecotourism: Observing and experiencing, first hand, natural environments and ecosystems in a
manner intended to be sensitive to their conservation.

Environmental Impact Statement (EIS): A document prepared under the National
Environmental Policy Act (NEPA) to assess alternatives and analyze the impact on the
environment of proposed major Federal actions significantly affecting the human
environment.

Essential Fish Habitat (EFH): Those waters and substrate necessary to a species or species
group or complex, for spawning, breeding, feeding or growth to maturity.

Exclusive Economic Zone (EEZ): The zone established by Proclamation numbered 5030, dated
March 10, 1983. For purposes of the Magnuson Act, the inner boundary of that zone is a
line coterminous with the seaward boundary of each of the coastal states,
commonwealths, territories or possessions of the United States.

Exporter: One who sends species in the fishery management unit to other countries for sale,
barter or any other form of exchange (also applies to shipment to other states, territories
or islands).

Fish: Finfish, mollusks, crustaceans and all other forms of marine animal and plant life other
than marine mammals and birds

Fishery: One or more stocks of fish that can be treated as a unit for purposes of conservation and

management and that are identified on the basis of geographical, scientific, technical,
recreational and economic characteristics; and any fishing for such stocks.
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Fishery Ecosystem Plan: A fishery ecosystem management plan that contains conservation and
management measures necessary and appropriate for fisheries within a given ecosystem
to prevent overfishing and rebuild overfished stocks, and to protect, restore, and promote
the long-term health and stability of the fishery

Fishing: The catching, taking or harvesting of fish; the attempted catching, taking or harvesting
of fish; any other activity that can reasonably be expected to result in the catching, taking
or harvesting of fish; or any operations at sea in support of, or in preparation for, any
activity described in this definition. Such term does not include any scientific research
activity that is conducted by a scientific research vessel.

Fishing Community: A community that is substantially dependent on or substantially engaged
in the harvest or processing of fishery resources to meet social and economic needs and
includes fishing vessel owners, operators and crews and United States fish processors that
are based in such community.

Food Web: Inter-relationships among species that depend on each other for food (predator-prey
pathways).

Framework Measure: Management measure listed in an FEP for future consideration.
Implementation can occur through an administratively simpler process than a full FEP
amendment.

Ghost Fishing: The chronic and/or inadvertent capture and/or loss of fish or other marine
organisms by lost or discarded fishing gear.

Habitat: Living place of an organism or community, characterized by its physical and biotic
properties.

Habitat Area of Particular Concern (HAPC): Those areas of EFH identified pursuant to
Section 600.815(a)(8). In determining whether a type or area of EFH should be
designated as a HAPC, one or more of the following criteria should be met: (1) ecological
function provided by the habitat is important; (2) habitat is sensitive to human-induced
environmental degradation; (3) development activities are, or will be, stressing the habitat
type; or (4) the habitat type is rare.

Harvest: The catching or taking of a marine organism or fishery MUS by any means.
Hook-and-line: Fishing gear that consists of one or more hooks attached to one or more lines.

Live Rock: Any natural, hard substrate (including dead coral or rock) to which is attached, or
which supports, any living marine life-form associated with coral reefs.

Longline: A type of fishing gear consisting of a main line which is deployed horizontally from
which branched or dropper lines with hooks are attached.
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Low-Use MPA: A Marine Protected Area zoned to allow limited fishing activities.

Main Hawaiian Islands (MHI): The islands of the Hawaiian Islands archipelago consisting of
Niihau, Kauai, Oahu, Molokai, Lanai, Maui, Kahoolawe, Hawaii and all of the smaller
associated islets lying east of 161°20" W longitude.

Marine Protected Area (MPA): An area designated to allow or prohibit certain fishing
activities.

Maximum Sustainable Yield (MSY): The largest long-term average catch or yield that can be
taken, from a stock or stock complex under prevailing ecological and environmental
conditions, fishery technological characteristics (e.g., gear selectivity), and the
distribution of catch among fleets.

National Marine Fisheries Service (NMFS): The component of the National Oceanic and
Atmospheric Administration (NOAA), Department of Commerce, responsible for the
conservation and management of living marine resources. Also known as NOAA
Fisheries Service.

No-Take MPA: A Marine Protected Area where no fishing or removal of living marine
resources is authorized.

Northwestern Hawaiian Islands (NWHI): the islands of the Hawaiian Islands archipelago lying
to the west of 161° W longitude.

Optimum Yield (OY): With respect to the yield from a fishery “optimum” means the amount of
fish that: (a) will provide the greatest overall benefit to the nation, particularly with
respect to food production and recreational opportunities and taking into account the
protection of marine ecosystems; (b) is prescribed as such on the basis of the MSY from
the fishery, as reduced by any relevant economic, social or ecological factor; and (c) in
the case of an overfished fishery, provides for rebuilding to a level consistent with
producing the MSY in such fishery.

Overfished: A stock or stock complex is considered “overfished” when its biomass has declined
below a level that jeopardizes the capacity of the stock or stock complex to produce
maximum sustainable yield on a continuing basis.

Overfishing: (to overfish) occurs whenever a stock or stock complex is subjected to a level of
fishing mortality or total annual catch that jeopardizes the capacity of a stock or stock
complex to produce maximum sustainable yield on a continuing basis.

Pacific Remote Island Areas (PRIA): Baker Island, Howland Island, Jarvis Island, Johnston
Atoll, Kingman Reef, Midway Atoll, Wake Island and Palmyra Atoll.

Xiv



Passive Fishing Gear: Gear left unattended for a period of time prior to retrieval (e.qg., traps, gill
nets).

Precautionary Approach: The implementation of conservation measures even in the absence of
scientific certainty that fish stocks are being overexploited.

Recreational Fishing: Fishing for sport or pleasure.

Recruitment: A measure of the weight or number of fish which enter a defined portion of the
stock such as fishable stock (those fish above the minimum legal size) or spawning stock
(those fish which are sexually mature).

Reef: A ridgelike or moundlike structure built by sedentary calcareous organisms and consisting
mostly of their remains. It is wave-resistant and stands above the surrounding sediment. It
is characteristically colonized by communities of encrusting and colonial invertebrates
and calcareous algae.

Reef-obligate Species: An organism dependent on coral reefs for survival.

Regulatory Discards: Any species caught that fishermen are required by regulation to discard
whenever caught, or are required to retain but not sell.

Resilience: The ability of a population or ecosystem to withstand change and to recover from
stress (natural or anthropogenic).

Restoration: The transplanting of live organisms from their natural habitat in one area to another
area where losses of, or damage to, those organisms has occurred with the purpose of
restoring the damaged or otherwise compromised area to its original, or a substantially
improved, condition; additionally, the altering of the physical characteristics (e.g.,
substrate, water quality) of an area that has been changed through human activities to
return it as close as possible to its natural state in order to restore habitat for organisms.

Rock: Any consolidated or coherent and relatively hard, naturally formed, mass of mineral
matter.

Rod-and-Reel: A hand-held fishing rod with a manually or electrically operated reel attached.

Scuba-assisted Fishing: Fishing, typically by spear or by hand collection, using assisted
breathing apparatus.

Secretary: The Secretary of Commerce or a designee.
Sessile: Attached to a substrate; non-motile for all or part of the life cycle.

Slurp Gun: A self-contained, typically hand-held, tube-shaped suction device that captures
organisms by rapidly drawing seawater containing the organisms into a closed chamber.
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Social Acceptability: The acceptance of the suitability of management measures by
stakeholders, taking cultural, traditional, political and individual benefits into account.

Spear: A sharp, pointed, or barbed instrument on a shaft, operated manually or shot from a gun
or sling.

Stock Assessment: An evaluation of a stock in terms of abundance and fishing mortality levels
and trends, and relative to fishery management objectives and constraints if they have
been specified.

Stock of Fish: A species, subspecies, geographical grouping or other category of fish capable of
management as a unit.

Submersible: A manned or unmanned device that functions or operates primarily underwater
and is used to harvest fish.

Subsistence Fishing: Fishing to obtain food for personal and/or community use rather than for
profit sales or recreation.

Target Resources: Species or taxa sought after in a directed fishery.
Trophic Web: A network that represents the predator/prey interactions of an ecosystem.

Trap: A portable, enclosed, box-like device with one or more entrances used for catching and
holding fish or marine organism.

Western Pacific Regional Fishery Management Council (WPRFMC or Council): A Regional
Fishery Management Council established under the MSA, consisting of the State of
Hawaii, the Territory of American Samoa, the Territory of Guam, and the
Commonwealth of the Northern Mariana Islands which has authority over the fisheries in
the Pacific Ocean seaward of such States, Territories, Commonwealths, and Possessions
of the United States in the Pacific Ocean Area. The Council has 13 voting members
including eight appointed by the Secretary of Commerce at least one of whom is
appointed from each of the following States: Hawaii, the Territories of American Samoa
and Guam, and the Commonwealth of the Northern Mariana Islands.
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CHAPTER 1: INTRODUCTION

1.1 Introduction

In 1976, the United States Congress passed the Magnuson Fishery Conservation and
Management Act that was subsequently twice reauthorized as the Magnuson-Stevens Fishery
Conservation and Management Act (MSA). Under the MSA, the United States (U.S.) has
exclusive fishery management authority over all fishery resources found within its Exclusive
Economic Zone (EEZ). For purposes of the MSA, the inner boundary of the U.S. EEZ extends
from the seaward boundary of each coastal state to a distance of 200 nautical miles from the
baseline from which the breadth of the territorial sea is measured. The Western Pacific Regional
Fishery Management Council (Council) has authority over the fisheries based in, and
surrounding, the State of Hawaii, the Territory of American Samoa, the Territory of Guam, the
Commonwealth of the Northern Mariana Islands, and the U.S. Pacific Remote Island Areas
(PRIA) of the Western Pacific Region.
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Figure 1: Western Pacific Region

! The Pacific Remote Island Areas comprise Baker Island, Howland Island, Jarvis Island, Johnston Atoll, Kingman
Reef, Wake Island, Palmyra Atoll, and Midway Atoll. Although physically located in the Hawaiian Archipelago,
administratively, Midway is considered part of the PRIA because it is not a part of the State of Hawaii. However,
because Midway is located in the Hawaii Archipelago, it is included in the Hawaii Archipelago FEP. As used in the
remainder of this document, “Pacific Remote Island Areas” and “PRIA” does not include Midway Atoll.



In the Western Pacific Region, responsibility for the management of marine resources is shared
by a number of federal and local government agencies. At the federal level, the Council, the
National Marine Fisheries Service (NMFS, also known as NOAA Fisheries Service), the
National Oceanic and Atmospheric Administration (NOAA), and the U.S. Department of
Commerce develop and implement fishery management measures. Additionally, NOAA’s Ocean
Service co-manages (with the State of Hawaii) the Hawaiian Islands Humpback Whale National
Marine Sanctuary, manages the Fagatele Bay National Marine Sanctuary in American Samoa,
and administers the Northwestern Hawaiian Islands Coral Reef Ecosystem Reserve.

The U.S. Department of the Interior, through the U.S. Fish and Wildlife Service, manages ten
National Wildlife Refuges throughout the Western Pacific Region. Some refuges are co-managed
with other federal and state agencies, while others are not.

The U.S. Department of Defense, through the Air Force, Army, Navy, and Marine Corps, also
controls access and use of various marine waters throughout the region.

The Territory of American Samoa, the Territory of Guam, and the State of Hawaii manage all
marine resources within waters 0-3 miles from their shorelines. In the Commonwealth of the
Northern Mariana Islands (CNMI), the submerged lands and marine resources from the shoreline
to 200 miles have been found to be owned by the federal government, although CNMI is
currently seeking to acquire jurisdiction of the area from 0 to 3 miles through various legal
means.

1.2 Purpose and Need for Action

The Western Pacific Region includes a series of archipelagos with distinct cultures,
communities, and marine resources. For thousands of years, the indigenous people of these
Pacific islands relied on healthy marine ecosystems to sustain themselves, their families, and
their island communities. This remains true in today’s modern period, in which Pacific island
communities continue to depend on the ecological, economic, and social benefits of healthy
marine ecosystems.

On international, national, and local levels, institutions and agencies tasked with managing
marine resources are moving toward an ecosystem approach to fisheries management. One
reason for this shift is a growing awareness that many of Earth’s marine resources are stressed
and the ecosystems that support them are degraded. In addition, increased concern regarding the
potential impacts of fishing and non-fishing activities on the marine environment, and a greater
understanding of the relationships between ecosystem changes and population dynamics, have all
fostered support for a holistic approach to fisheries management that is science based and
forward thinking (Pikitch et al. 2004).

In 1998, the U.S. Congress charged NMFS with the establishment of an Ecosystem Principles
Advisory Panel (EPAP) responsible for assessing the extent that ecosystem principles were being
used in fisheries management and research, and recommending how to further their use to
improve the status and management of marine resources. The EPAP was composed of members
of academia, fishery and conservation organizations, and fishery management agencies.



The EPAP reached consensus that Fishery Ecosystem Plans (FEPs) should be developed and
implemented to manage U.S. fisheries and marine resources. According to the EPAP, a FEP
should contain and implement a management framework to control harvests of marine resources
on the basis of available information regarding the structure and function of the ecosystem in
which such harvests occur (EPAP 1999). The EPAP constructed eight ecosystem principles that
it believes to be important to the successful management of marine ecosystems which were
recognized and used as a guide by the Council in developing this FEP. These principles are as
follows:

e The ability to predict ecosystem behavior is limited.

Ecosystems have real thresholds and limits that, when exceeded, can affect major system
restructuring.

Once thresholds and limits have been exceeded, changes can be irreversible.

Diversity is important to ecosystem functioning.

Multiple scales interact within and among ecosystems.

Components of ecosystems are linked.

Ecosystem boundaries are open.

Ecosystems change with time.

The Food and Agriculture Organization of the United Nations provides that the purpose of an
ecosystem approach to fisheries “is to plan, develop and manage fisheries in a manner that
addresses the multiple needs and desires of societies, without jeopardizing the options for future
generations to benefit from a full range of goods and services provided by marine ecosystems”
(Garcia et al. 2003).

Similarly, NOAA defines an ecosystem approach as “management that is adaptive, specified
geographically, takes account of ecosystem knowledge and uncertainties, considers multiple
external influences, and strives to balance diverse social objectives.” In addition, because of the
wide ranging nature of ecosystems, successful implementation of ecosystem approaches will
need to be incremental and collaborative (NOAA 2004).

Given the above, on December 20, 2005 the Council recommended the establishment and
implementation of this FEP for the Federal non-pelagic fisheries of the American Samoa
Archipelago. In particular, this FEP:

1. Identifies the management objectives of the American Samoa Archipelago FEP;

2. Delineates the boundaries of the American Samoa Archipelago FEP;

3. Designates the management unit species included in the American Samoa Archipelago FEP;
4. Details the federal fishery regulations applicable under the American Samoa Archipelago
FEP; and

5. Establishes appropriate Council structures and advisory bodies to provide scientific and
management advice to the Council regarding the American Samoa Archipelago FEP.

In addition, this document provides the information and rationale for these measures; discusses
the key components of the American Samoan archipelagic ecosystem, including an overview of
the region’s non-pelagic fisheries, and explains how the measures contained here are consistent



with the MSA and other applicable laws. This FEP, in conjunction with the Council's Hawaii
Archipelago, Mariana Archipelago, Pacific Remote Island Areas and Pacific Pelagic FEPs,
incorporates by reference and replaces the Council's existing Fishery Management Plans (and
their amendments) for Bottomfish and Seamount Groundfish, Coral Reef Ecosystems,
Crustaceans, Precious Corals and Pelagics and reorganizes their associated regulations into a
place-based structure aligned with the FEPs.

1.3 Incremental Approach to Ecosystem-based Management

As discussed above, fishery scientists and managers have recognized that a comprehensive
ecosystem-based approach to fisheries management must be implemented through an
incremental and collaborative process (Jennings 2004; NOAA 2004; Sissenwine and Murawski
2004). The American Samoa Archipelago FEP establishes the framework under which the
Council will manage fisheries, and begin the integration and implementation of ecosystem-based
approaches to management. This FEP does not establish any new fishery management
regulations at this time but rather consolidates existing fishery regulations for demersal species.
Specifically, this FEP identifies as management unit species those current management unit
species known to be present in waters in American Samoa and incorporates all of the
management provisions of the Bottomfish and Seamount Groundfish FMP, the Crustaceans
FMP, the Precious Corals FMP, and the Coral Reef Ecosystems FMP that are applicable to the
area. Although pelagic fishery resources play an important role in the biological as well as
socioeconomic environment of these islands, they will be managed separately through the Pacific
Pelagic FEP. The goal of the measures contained in this document is to begin this process by
establishing a place-based FEP with appropriate boundaries, management unit species, and
advisory structures.

Successful ecosystem-based management will require an increased understanding of a range of
social and scientific issues including appropriate management objectives, biological and trophic
relationships, ecosystem indicators and models, and the ecological effects of non-fishing
activities on the marine environment. Future fishery management actions are anticipated to
utilize this information as it becomes available, and adaptive management will be used to further
advance the implementation of ecosystem science and principles.

1.4 American Samoa Archipelago FEP Boundaries

NOAA defines an ecosystem as a geographically specified system of organisms (including
humans), the environment, and the processes that control its dynamics (NOAA 2004).
Ecosystems can be considered at various geographic scales—from a coral reef ecosystem with its
diverse species and benthic habitats to a large marine ecosystem such as the Pacific Ocean.

From a marine ecosystem management perspective, the boundary of an ecosystem cannot be
readily defined and depends on many factors, including life history characteristics, habitat
requirements, and geographic ranges of fish and other marine resources including their
interdependence between species and their environment. Additionally, processes that affect and
influence abundance and distribution of natural resources; such as environmental cycles, extreme
natural events, and acute or chronic anthropogenic impacts, must also be considered. Serious



considerations must also be given to social, economic, and/or political constraints. Humans and
their society are considered to be an integral part of these ecosystems, and the alternatives
considered here are cognizant of the human jurisdictional boundaries and varying management
authorities that are present in the Western Pacific Region. This is also consistent with NMFS’
EPAP’s 1999 report to Congress recommending that Councils should develop FEPs for the
ecosystems under their jurisdiction and delineate the extent of those ecosystems.

Taking these factors into account, the Council has determined that at this time, the American
Samoa Archipelago FEP includes all waters and associated marine resources within Federal
waters of the American Samoa archipelago (see Figure 1). Although this overlaps with the
boundaries of the Council’s Pacific Pelagic FEP for pelagic fisheries, the American Samoa
Archipelago FEP specifically manages those demersal resources and habitats associated with the
Federal waters of the American Samoa archipelago.

Under the approach described in this document, continuing adaptive management could include
subsequent actions to refine these boundaries if and when supported by scientific data and/or
management requirements. Such actions would be taken in accordance with the MSA, the
National Environmental Policy Act (NEPA), the Endangered Species Act (ESA), the Marine
Mammal Protection Act (MMPA), and other applicable laws and statutes.

1.5  American Samoa Archipelago FEP Management Objectives

The MSA mandates that fishery management measures achieve long-term sustainable yields
from domestic fisheries while preventing overfishing. In 1999, the EPAP submitted a report to
Congress arguing for management that—while not abandoning optimum yield and overfishing
principles—takes an ecosystem-based approach (EPAP 1999).

Heeding the basic principles, goals, and policies for ecosystem-based management outlined by
the EPAP, the Council initiated the development of FEPs for each major ecosystem under its
jurisdiction beginning with the Coral Reef Ecosystems FMP, which was implemented in March
2004. This American Samoa Archipelago FEP represents—along with the Pacific Pelagic FEP,
the Mariana Archipelago FEP, the Hawaii Archipelago FEP, and the PRIA FEP—the next step in
the establishment and successful implementation of place-based FEPs for all of the fisheries
within the Council’s jurisdiction, which it will manage using an ecosystem-based approach.

The overall goal of the American Samoa Archipelago FEP is to establish a framework under
which the Council will improve its abilities to realize the goals of the MSA through the
incorporation of ecosystem science and principles.

To achieve this goal, the Council has adopted the following ten objectives for the America
Samoa Archipelago FEP:

Obijective 1: To maintain biologically diverse and productive marine ecosystems and foster the
long-term sustainable use of marine resources in an ecologically and culturally sensitive manner
through the use of a science-based ecosystem approach to resource management.



Objective 2: To provide flexible and adaptive management systems that can rapidly address new
scientific information and changes in environmental conditions or human use patterns.

Obijective 3: To improve public and government awareness and understanding of the marine
environment in order to reduce unsustainable human impacts and foster support for responsible
stewardship.

Obijective 4: To encourage and provide for the sustained and substantive participation of local
communities in the exploration, development, conservation, and management of marine
resources.

Obijective 5: To minimize fishery bycatch and waste to the extent practicable.
Objective 6: To manage and comanage protected species, protected habitats, and protected areas.
Obijective 7: To promote the safety of human life at sea.

Obijective 8: To encourage and support appropriate compliance and enforcement with all
applicable local and federal fishery regulations.

Objective 9: To increase collaboration with domestic and foreign regional fishery management
and other governmental and non-governmental organizations, communities, and the public at
large to successfully manage marine ecosystems.

Objective 10: To improve the quantity and quality of available information to support marine
ecosystem management.

1.6 American Samoan Archipelago FEP Management Unit Species

Management unit species (MUS) are those species that are managed under each FEP (formerly
under the FMPs). In fisheries management, MUS typically consist of those species that are
caught in quantities sufficient to warrant management or specific monitoring by NMFS and the
Council. The primary impact of inclusion of species in an MUS list is that the species (i.e., the
fishery targeting that species) can be directly managed. National Standard 3 of the MSA requires
that to the extent practicable, an individual stock of fish shall be managed as a unit throughout its
range, and interrelated stocks of fish shall be managed as a unit or in close coordination. Under
the American Samoa Archipelago FEP, MUS include only those current bottomfish and
seamount MUS, crustacean MUS, precious coral MUS, and coral reef ecosystem MUS that are
known to be present within EEZ waters around the American Samoa Archipelago. Although
certain pelagic MUS are known to occur within the boundary of the American Samoa FEP, they
are managed under a separate Pelagic FEP.



Tables 1-5 list those current bottomfish and seamount MUS, crustacean MUS, precious coral
MUS, and coral reef ecosystem MUS that are known to be present within the boundary of the
American Samoa Archipelago FEP and are thus managed under this plan.

Those species for which maximum sustainable yields (MSYs) have been estimated are indicated
with an asterisk and their MSY values can be found in Sections 4.2.2 (bottomfish MUS), 4.3.2
(crustacean MUS), 4.4.2 (precious coral MUS) and 4.5.2 (coral reef ecosystem MUS)

Some of the species included in the MUS tables are not subject to significant fishing pressure
and there are no estimates of maximum sustainable yields (MSY), minimum stock size
thresholds (MSST, the level of biomass below which a stock or stock complex is considered
overfished), or maximum fishing mortality thresholds (MFMT, the level of fishing mortality, on
an annual basis, above which overfishing is occurring) available for these species at this time.
However, these species are important components of the ecosystem and for that reason are
included in this FEP. Permitting and data collection measures established under the existing
FMPs will be continued under this FEP. Including these species as MUS in the FEP is consistent
with MSA National Standard 3 which states at 50 CFR 600.320 that “To the extent practicable,
an individual stock of fish shall be managed as a stock throughout its range, and interrelated
stocks of fish shall be managed as a unit or in close coordination.” 50 CFR 600.320 goes on to
say that “A management unit may contain, in addition to regulated species, stocks of fish for
which there is not enough information available to specify MSY and OY or to establish
management measures, so that data on these species may be collected under the FMP”. Under
the adaptive approach that utilizes the best available scientific information, the Council, in
coordination with NMFS, will continue to develop and refine estimates or proxies of MSY for
these species when sufficient data are available. The establishment of MSY proxies is consistent
with 50 CFR 600.310 text regarding MSA National Standard 1 which states that “When data are
insufficient to estimate MSY directly, Councils should adopt other measures of productive
capacity that can serve as reasonable proxies of MSY to the extent possible.” Future
management measures that would directly affect the harvest of any MUS contained in this FEP
will be subject to the requirements of the MSA and other applicable laws.

Table 1: American Samoa Archipelago Bottomfish Management Unit Species

Scientific Name English Common Samoan Name
Name
Aphareus rutilans* red snapper/silvermouth | palu-gutusiliva
Aprion virescens* gray snapper/jobfish asoama
Caranx ignobilis* giant trevally/jack sapoanae
C. lugubris* black trevally/jack tafauli
Epinephelus fasciatus* blacktip grouper fausi
Variola louti* lunartail grouper papa, velo
Etelis carbunculus* red snapper palu malau




Scientific Name

English Common
Name

Samoan Name

E. coruscans*

red snapper

palu-loa

Lethrinus amboinensis*

ambon emperor

filoa-gutumumu

L. rubrioperculatus*

redgill emperor

filoa-paomumu

Lutjanus kasmira* blueline snapper savane
Pristipomoides auricilla* yellowtail snapper palu-i‘usama

P. filamentosus* pink snapper palu-‘ena‘ena

P. flavipinnis* yelloweye snapper palu-sina

P. seiboldii* pink snapper palu

P. zonatus* snapper palu-ula, palu-sega
Seriola dumerili* amberjack malauli

Samoan names provided by Fini Aitaoto
palu = general name for Etelis/Pristipomoides spp.
* Indicates a species for which there is an estimated MSY value.

Table 2: American Samoa Archipelago Crustacean Management Unit Species

Scientific Name

English Common
Name

Samoan Name

Panulirus marginatus spiny lobster ula
Panulirus penicillatus spiny lobster ula-sami
Family Scyllaridae slipper lobster papata
Ranina ranina kona crab pa‘a
Heterocarpus spp. deepwater shrimp NA

Samoan names provided by Fini Aitaoto

pa‘a = general name for crabs

Table 3: American Samoa Archipelago Precious Coral Management Unit Species

Scientific Name

English Common
Name

Samoan Name




Corallium secundum

[amu = general name for corals]

pink coral
(also known as red
coral)

amu piniki-mumu

Corallium regale

pink coral
(also known as red
coral)

amu piniki-mumu

Corallium laauense

pink coral
(also known as red
coral)

amu piniki-mumu

Gerardia spp. gold coral amu auro
Narella spp. gold coral amu auro
Calyptrophora spp. gold coral amu auro
Lepidisis olapa bamboo coral amu ofe

Acanella spp. bamboo coral amu ofe

Antipathes dichotoma black coral amu uliuli
Antipathes grandis black coral amu uliuli
Antipathes ulex black coral amu uliuli

Samoan names provide by Fini Aitaoto

Table 4: American Samoa Archipelago Coral Reef Ecosystem Management Unit Species,
(Currently Harvested Coral Reef Taxa)

Family Name

Scientific Name

English Common Name

Samoan Name

Acanthuridae
(Surgeonfishes)

[pone = general
name for Acanthurus

spp.]

Acanthurus olivaceus orange-spot surgeonfish | afinamea
Acanthurus xanthopterus yellowfin surgeonfish *x
Acanthurus triostegus convict tang aanini

**

Acanthurus dussumieri

eye-striped surgeonfish

Acanthurus nigroris

blue-lined surgeon

ponepone, gaitolama

Acanthurus lineatus blue-banded surgeonfish | alogo
Acanthurus nigricauda blackstreak surgeonfish pone-i‘usama
Acanthurus nigricans whitecheek surgeonfish laulama
Acanthurus guttatus white-spotted maogo




Family Name

Scientific Name

English Common Name

Samoan Name

surgeonfish

Acanthurus blochii ringtail surgeonfish *x

Acanthurus nigrofuscus brown surgeonfish ponepone

Acanthurus mata elongate surgeonfish **

Acanthurus pyroferus mimic surgeonfish **

Ctenochaetus strigosus yellow-eyed surgeonfish | pone

[pone=genral name for

Ctenochaetus]

Ctenochaetus striatus striped bristletooth pone, pala‘ia,
logoulia

Ctenochaetus binotatus two-spot bristletooth **

Naso unicornus bluespine unicornfish ume-isu

[ume = general name for

Naso spp.]

Naso lituratus orangespine unicornfish | ili*ilia, umelei

Naso hexacanthus black tongue unicornfish | **

Naso vlamingii bignose unicornfish ume-masimasi

Naso annulatus whitemargin unicornfish | **

Naso brevirostris spotted unicornfish ume-ulutao
s

Naso thynnoides

barred unicornfish

Balistidae
(Triggerfishes)

[sumu = general
name for
triggerfishes]

Balistoides viridescens

titan triggerfish

sumu, sumu-laulau

Balistapus undulatus

orangstriped triggerfish

**

Melichthys vidua

pinktail triggerfish

sumu-‘apa‘apasina,

sumu-si‘umumu

Melichthys niger

black triggerfish

sumu-uli

Pseudobalistes fuscus

blue triggerfish

sumu-laulau

Rhinecanthus aculeatus

picassofish

sumu-uo‘uo, sumu-

aloalo

Sufflamen fraenatum

bridled triggerfish

sumu-gase‘ele‘ele

Selar crumenophthalmus

bigeye scad

atule
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Family Name

Scientific Name

English Common Name

Samoan Name

Decapterus macarellus

mackerel scad

atuleau, namuauli

Carcharhinidae
(Sharks)

[malie = general
name for sharks]

Carcharhinus grey reef shark malie-aloalo
amblyrhynchos

Carcharhinus silvertip shark aso
albimarginatus

Carcharhinus galapagensis | Galapagos shark malie
Carcharhinus blacktip reef shark apeape, malie-
melanopterus alamata
Triaenodon obesus whitetip reef shark malu

Holocentridae
(Soldierfish/Squir-
relfish

[malau = general
name for
squirrelfishes]

Holocentridae
(Soldierfish/Squirre
Ifish

[malau = general
name for
squirrelfishes]

Myripristis berndti

bigscale soldierfish

malau-ugatele,

malau-va‘ava‘a

Myripristis adusta bronze soldierfish malau-tui
Myripristis murdjan blotcheye soldierfish **
**

Myripristis amaena

brick soldierfish

Myripristis pralinia

scarlet soldierfish

malau-mamo, malau-

va‘ava‘a
Myripristis violacea violet soldierfish malau-tuauli
Myripristis vittata whitetip soldierfish *x
Myripristis chryseres yellowfin soldierfish **
Myripristis kuntee pearly soldierfish malau-pu‘u
Myripristis hexagona double tooth squirrelfish | **
Sargocentron melanospilos | blackspot squirrelfish *x
Sargocentron microstoma | file-lined squirrelfish malau-tianiu

>k

Sargocentron tiereoides

pink squirrelfish

Sargocentron diadema

crown squirrelfish

malau-tui, malau-
talapu‘u, malau-

tusitusi, malau-pauli

Sargocentron

punctatissimum

peppered squirrelfish

**
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Family Name

Scientific Name

English Common Name

Samoan Name

Sargocentron tiere

blue-lined squirrelfish

**

Sargocentron spiniferum

saber or long jaw

tamalu, mu-malau,

squirrelfish malau-toa

Neoniphon spp. spotfin squirrelfish **
Kuhliidae Kuhlia mugil barred flag-tail safole, inato
(Flagtails)
Kyphosidae Kyphosus cinerascens rudderfish nanue, mata-mutu,
(Rudderfish) Kyphosus biggibus mutumutu

Kyphosus vaigienses rudderfish nanue
Labridae Cheilinus undulatus napoleon wrasse lalafi, tagafa,
(Wrasses)

malakea

[sugale = general
name for wrasses]

Labridae
(Wrasses)

[sugale = general
name for wrasses]

Cheilinus trilobatus

triple-tail wrasse

lalafi-matamumu

Cheilinus chlorourus

floral wrasse

lalafi-matapua‘a

Cheilinus fasciatus harlequin tuskfish lalafi-pulepule
Oxycheilinus diagrammus | bandcheek wrasse sugale
Oxycheilinus arenatus arenatus wrasse sugale

Xyrichtys aneitensis

whitepatch wrasse

sugale-tatanu

Cheilio inermis

cigar wrasse

sugale-mo‘o

Hemigymnus melapterus

blackeye thicklip

sugale-laugutu,
sugale-uli, sugale-

aloa, sugale-lupe

Hemigymnus fasciatus

barred thicklip

sugale-gutumafia

Halichoeres trimaculatus

three-spot wrasse

lape, sugale-pagota

Halichoeres hortulanus

checkerboard wrasse

sugale-a‘au, sugale-

pagota, ifigi
Halichoeres margaritaceus | weedy surge wrasse sugale-uluvela
Thalassoma purpureum surge wrasse uloulo-gatala,

patagaloa
Thalassoma red ribbon wrasse lape-moana
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Family Name

Scientific Name

English Common Name

Samoan Name

quinquevittatum

Thalassoma lutescens

sunset wrasse

sugale-samasama

Novaculichthys taeniourus

rockmover wrasse

sugale-la‘o, sugale-
taili, sugale-gasufi

Mullidae Mulloidichthys spp. yellow goatfish i’asina, vete, afulu
(Goatfishes) Mulloidichthys yellowfin goatfish vete
vanicolensis
Mulloidichthys yellowstripe goatfish afolu, afulu
flavolineatus
Parupeneus spp. banded goatfish afoul, afulu
Parupeneus barberinus dash-dot goatfish tusia, tulausaena,
ta’uleia
Parupeneus bifasciatus doublebar goatfish matulau-moana
Parupeneus heptacanthus | redspot goatfish moana-ula
Parupeneus cyclostomas yellowsaddle goatfish i‘asina, vete, afulu,
moana
Parupeneus pleurostigma | side-spot goatfish matulau-ilamutu
Parupeneus multifaciatus | multi-barred goatfish i‘asina, vete, afulu
Mugilidae Crenimugil crenilabis fringelip mullet anae, aua. fuafua
(MUHEtS) Neomyxus leuciscus false mullet moi, poi
[anae = general name
for mullets]
Muraenidae Gymnothorax yellowmargin moray eel | pusi
(Moray eels) flavimarginatus
Gymnothorax javanicus giant moray eel maoa‘e
Gymnothorax undulatus undulated moray eel pusi-pulepule
Octopodidae Octopus cyanea octopus fe‘e
(Getopus) Octopus ornatus octopus fe‘e
Polynemidae Polydactylus sexfilis threadfin umiumia, i‘ausi
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Family Name

Scientific Name

English Common Name

Samoan Name

Pricanthidae Heteropriacanthus glasseye matapula
(Bigeye)

[matapula = general Cruentatus

name for Priacanthus hamrur bigeye matapula
Priacanthus]

Scaridae Calotomus carolinus stareye parrotfish fuga
(Parrotfishes)

[fuga = general name
for parrotfishes]

Scarus spp.

parrotfish

fuga, galo-uluto‘i,
fuga-valea, laea-

mamanu

Hipposcarus longiceps

Pacific longnose

ulapokea, laea-

parrotfish ulapokea
Scombridae Gymnosarda unicolor dogtooth tuna tagi
Siganidae Siganus aregenteus forktail rabbitfish loloa, lo
(Rabbitfish)
Sphyraenidae Sphyraena helleri heller’s barracuda sapatu
(Barracuda) Sphyraena barracuda great barracuda sa0sao
Turbinidae Turbo spp. green snails alili

(turban shells/green
snails

Samoan names provided by Fini Aitaoto

Table 5: American Samoa Archipelago Coral Reef Ecosystem Management Unit Species,
(Potentially Harvested Coral Reef Taxa)

Scientific Name English Common Samoan Name
Name

Labridae wrasses sugale, sugale-vaolo, sugale-

[sugale = general name for wrasses] (Those species not | & lalafi, lape-a‘au, la*ofia
listed as CHCRT)

Carcharhinidae sharks malie, apoapo, moemoeao

Sphyrnidae (Those species not
listed as CHCRT)

Dasyatididae rays and skates fai

Myliobatidae

Ephippidae batfishes pe‘ape‘a
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Scientific Name

English Common

Samoan Name

Name
Haemulidae sweetlips mutumutu, misimisi, ava‘ava-
moana
Echeneidae remoras talitaliuli
Malacanthidae tilefishes mo‘o, mo‘otai
Pseudochromidae dottybacks tiva
Plesiopidae prettyfins aneanea, tafuti
Caracanthidae coral crouchers tapua
Anomalopidae flashlightfishes #HH

Serrandiae
[gatala = general name for groupers]

groupers

(Those species not
listed as CHCRT or
BMUS)

gatala, ataata, vaolo, gatala-uli,
gatala-sega, gatala-aleva, ateate,
apoua, susami, gatala-sina, gatala-
mumu

Carangidae

jacks and scads
(Those species not

lupo, lupota, mamalusi, ulua,
sapoanae, taupapa, nato, filu,
atuleau, malauli-apamoana,

listed as CHCRT or malauli-sinasama, malauli-
BMUS) matalapo‘a, lai
Holocentridae soldierfishes and malau

squirrelfishes
(Those species not

listed as CHCRT)

Mullidae goatfishes i‘asina, vete, afulu, afoul,
(Those species not | ulula‘oa
listed as CHCRT)

Acanthuridae

surgeonfishes
(Those species not

pone, palagi

listed as CHCRT)
Clupeidae herrings pelupelu, nefu
Engraulidae anchovies nefu, file
Gobiidae gobies mano’o, mano’0-popo, mano’o-

[mano’o=general name for gobies]

fugafuga, mano’o-apofusami,
mano’o-a’au.
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Scientific Name

English Common

Samoan Name

Name
Lutjanidae snappers mu, mu-taiva, tamala, malai,
. feloitega, mu-mafalaugutu,
(Those species not ul 2’
listed as CHCRT or | Savane-ulusama, matala’oa.
BMUS)
Balistidae trigger fishes sumu, sumu-papa, sumu-taulau

[sumu=general name for triggerfishes]

(Those species not
listed as CHCRT)

Siganidae rabbitfishes lo
(Those species not
listed as CHCRT)
Kyphosidae rudderfishes nanue, matamutu, mutumutu
(Those species not
listed as CHCRT)
Caesionidae fusiliers ulisega, atule-toto
Lethrinidae emperors filoa, mata‘ele‘ele, ulamalosi
(Those species not
listed as CHCRT or
BMUS)
Muraenidae eels pusi, maoa‘e, atapanoa, u aulu,
Chlopgldae (Those species not apeape, fafa, gatamea, pusi-
Congridae listed as CHCRT) solasulu
Moringuidae

Ophichthidae

Apogonidae cardinalfishes fo, fo-tusiloloa, fo-si‘umu, fo-
loloa, fo-tala, fo-manifi, fo-
aialo, fo-tuauli

Zanclidae moorish idols pe‘ape‘a, laulaufau

Chaetodontidae butterfly fishes tifitifi, si‘u, i‘usamasama,
tifitifi-segaula, laulafau-laumea,
alosina

Pomacanthidae angelfishes tu‘u’u, tu‘u‘u-sama, tu‘u‘u-lega,

tu‘u‘u-ulavapua, tu‘u‘u-matamalu,
tu‘u’u-alomu, tu’u‘u-uluvela,
tu‘u‘u-atugauli, tu‘u‘u-tusiuli,
tu“u‘u-manini
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Scientific Name

English Common
Name

Samoan Name

Pomacentridae

damselfishes

tu“u‘u, mutu, mamo, tu‘u’u-
lumane

Scorpaenidae

scorpionfishes

i‘atala, la‘otele, nofu

Blenniidae blennies mano‘o, mano‘o-mo‘o,
[mano’o = general name for blennies] mano‘o-palea, mano‘o-la‘o.
Sphyraenidae barracudas sapatu
(Those species not
listed as CHCRT)
Cirrhitidae hawkfishes la‘o, ulutu‘i, lausiva
(Those species not
listed as CHCRT)
Antennariidae frogfishes la‘otale, nofu
Syngnathidae pipefishes and Ht
seahorses
Pinguipedidae sandperches ta“‘oto
Gymnosarda unicolor dog tooth tuna tagi
Aulostomus chinensis trumpetfish taoto-ena, taoto-sama,
‘au‘aulauti, taotito
Fistularia commersoni cornetfish taotao, taoto-ama
Tetradontidae puffer fishes and sue, sue-vaolo, sue-va‘a, sue-

[sue= general name for buffer fishes]

porcupine fishes

lega, sue-mu, sue-uli, sue-lape,
sue-afa, sue-sugale

Bothidae flounders and soles | ali

Soleidae

Ostraciidae trunkfishes moamoa

Echinoderms sea cucu_mbers and fugafuga, tuitui, sava‘e
sea urchins

Heliopora blue corals amu

Tubipora organpipe corals amu

Azooxanthellates ahermatypic corals **

Fungiidae mushroom corals amu
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Scientific Name

English Common

Samoan Name

Name
small and large coral | amu
polyps
Millepora fire corals amu
soft corals and amu
gorgonians
Actinaria anemones lumane, matalelei

Zoanthinaria

soft zoanthid corals

**%*

(Those species not

Mollusca : #it

listed as CHCRT)
Gastropoda sea snails sisi-sami
Trochus spp. aliao, alili
Opistobranchs sea slugs sea
Pinctada margaritifera black lipped pearl H#

oyster
Tridacnidae giant clam faisua
Other Bivalves other clams pipi, asi, fatuaua, tio, pae, fole
Crustaceans Iob_sters, _ ula, pa‘a, kuku, papata

shrimps/mantis

shrimps, true crabs

and hermit crabs

(Those species not

listed as Crustacean

MUS)
Tunicates sea squirts #it
Porifera Sponges ik
Stylasteridae lace corals amu
Solanderidae hydroid corals amu
Annelids segmented worms #HH

(Those species not

listed as CHCRT)
Algae seaweed limu
Live rock i
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Scientific Name English Common Samoan Name
Name

All other coral reef ecosystem management unit species that are marine plants, invertebrates, and
fishes that are not listed in the preceding table or are not bottomfish management unit species,
crustacean management unit species, Pacific pelagic management unit species, precious coral or
seamount groundfish.

Samoan names provided by Fini Aitaoto

Key:

1. ** = no specific species Samoan name, but may use general group name provided.

2. ## = no specific Samoan name identified, as of the date of this compilation.

3. The extensive use of the hyphen mark in Samoan names reflects the general use of descriptive names
where the word after the hyphen is usually a description of the color(s) or other characteristics. A single
species/group sometimes has more than one Samoan name depending on the color(s) and size (pers. comm.
Chief Mauala P. Seiuli). In several cases, one Samoan name has been traditionally used for several
species/groups.

4. Different islands of the Samoa group sometimes have different names for single local species/groups.
Hence, the attempt to include all known Samoan names from all the islands of the Samoa group.

1.7  Regional Coordination

In the Western Pacific Region, the management of ocean and coastal activities is conducted by a
number of agencies and organizations at the federal, state, county, and even village levels. These
groups administer programs and initiatives that address often overlapping and sometimes
conflicting ocean and coastal issues.

To be successful, ecosystem approaches to management must be designed to foster intra- and
interagency cooperation and communication (Schrope 2002). Increased coordination with state
and local governments and community involvement will be especially important to the improved
management of near-shore resources that are heavily used. To increase collaboration with
domestic and international management bodies, as well as other governmental and non-
governmental organizations, communities, and the public, the Council has adopted the multi-
level approach described below.

1.7.1 Council Panels and Committees

The Council has approved the establishment and roles of its panels and committees
described below.

FEP Advisory Panel

The FEP Advisory Panel advises the Council on fishery management issues, provides input to
the Council regarding fishery management planning efforts, and advises the Council on the
content and likely effects of management plans, amendments, and management measures.
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The Advisory Panel consists of four sub-panels. In general, each Advisory Sub-panel includes
two representatives from the area’s commercial, recreational, and subsistence fisheries, as well
as two additional members (fishermen or other interested parties) who are knowledgeable about
the area’s ecosystems and habitat. The exception is the Mariana FEP Sub-panel, which has four
representatives from each group to represent the combined areas of Guam and the Northern
Mariana Islands (see Table 6). The Hawaii FEP Sub-panel addresses issues pertaining to
demersal fishing in the PRIA due to the lack of a permanent population and because such PRIA
fishing has primarily originated in Hawaii. The FEP Advisory Panel meets at the direction of the
Council to provide continuing and detailed participation by members representing various
fishery sectors and the general public. FEP Advisory Panel members are representatives from
various fishery sectors that are selected by the Council and serve two-year terms.

Table 6: FEP Advisory Panel and Sub-panel Structure

Representative American Hawaii FEP Mariana FEP | Pelagic FEP
Samoa FEP Sub-panel Sub-panel Sub-panel
Sub-panel

Commercial Two members | Two members | Four members | Two members

representatives

Recreational Two members | Two members | Four members | Two members

representatives

Subsistence Two members | Two members | Four members | Two members

representatives

Ecosystems and habitat | Two members | Two members | Four members | Two members

representatives

Archipelagic FEP Plan Team

The Archipelagic FEP Plan Team oversees the ongoing development and implementation of the
American Samoa, Hawaii, Mariana, and PRIA FEPs and is responsible for reviewing
information pertaining to the performance of all the fisheries and the status of all the stocks
managed under the four Archipelagic FEPs. Similarly, the Pelagic FEP Plan Team oversees the
ongoing development and implementation of the Pacific Pelagic FEP. These teams monitor the
performance of the FEP through production of an annual stock assessment and fishery evaluation
(SAFE) report and provide information on the status of the fish stocks and other components of
the ecosystem. The FEP Plan Teams also make recommendations for conservation and
management adjustments under framework procedures to better achieve management objectives.

The Archipelagic Plan Team meets at least once annually and comprises individuals from local
and federal marine resource management agencies and non-governmental organizations. It is led
by a Chair who is appointed by the Council Chair after consultation with the Council’s Executive
Standing Committee. The Archipelagic Plan Team’s findings and recommendations are reported
to the Council at its regular meetings. Plan teams are a form of advisory panel authorized under
Section 302(g) of the MSA. FEP Plan Team members comprise Federal, State and non-
government specialists that are appointed by the Council and serve indefinite terms.
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Science and Statistical Committee

The Scientific and Statistical Committee (SSC) is composed of scientists from local and federal
agencies, academic institutions, and other organizations. These scientists represent a range of
disciplines required for the scientific oversight of fishery management in the Western Pacific
Region. The role of the SSC is to (a) identify scientific resources required for the development of
FEPs and amendments, and recommend resources for Plan Teams; (b) provide multi-disciplinary
review of management plans or amendments, and advise the Council on their scientific content;
(c) assist the Council in the evaluation of such statistical, biological, economic, social, and other
scientific information as is relevant to the Council's activities, and recommend methods and
means for the development and collection of such information; and (d) advise the Council on the
composition of both the Archipelagic and Pelagic Plan Teams. Members of the SSC are selected
by the Council from a pool of applicants with appropriate education and training in physical,
natural, and social sciences and serve indefinite terms.

The recently amended MSA may affect the duties of some of the various subgroups identified in
this section. For example, the SSC will now have a strong role in specifying total allowable
catches for stocks managed under this FEP.

FEP Standing Committees

The Council’s FEP Standing Committees are composed of Council members who, prior to
Council action, review all relevant information and data including the recommendations of the
FEP Advisory Panels, the Archipelagic and Pelagic Plan Teams, and the SSC. The FEP Standing
Committees are the American Samoa FEP Standing Committee, the Hawaii FEP Standing
Committee (as in the Advisory Panels, the Hawaii Standing Committee will also consider
demersal issues in the PRIA), the Mariana FEP Standing Committee, and the Pelagic FEP
Standing Committee. The recommendations of the FEP Standing Committees, along with the
recommendations from all of the other advisory bodies described above, are presented to the full
Council for their consideration prior to taking action on specific measures or recommendations.

Regional Ecosystem Advisory Committees

Regional Ecosystem Advisory Committees for each inhabited area (American Samoa, Hawaii,
and the Mariana archipelago) comprise Council members and Council selected representatives
from federal, state, and local government agencies; businesses; and non-governmental
organizations that have responsibility or interest in land-based and non-fishing activities that
potentially affect the area’s marine environment. Committee membership is by invitation and
provides a mechanism for the Council and member agencies to share information on programs
and activities, as well as to coordinate management efforts or resources to address non-fishing
related issues that could affect ocean and coastal resources within and beyond the jurisdiction of
the Council. Committee meetings coincide with regularly scheduled Council meetings, and
recommendations made by the Committees to the Council are advisory as are recommendations
made by the Council to member agencies. Regional Ecosystem Advisory Committees are a form
of advisory panel authorized under Section 302(g) of the MSA.
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1.7.2 Community Groups and Projects

As described above, communities and community members are involved in the Council’s
management process in explicit advisory roles, as sources of fishery data and as stakeholders
invited to participate in public meetings, hearings, and comment periods. In addition, cooperative
research initiatives have resulted in joint research projects in which scientists and fishermen
work together to increase both groups’ understanding of the interplay of humans and the marine
environment. The Council’s Community Development Program and the Community
Demonstration Projects Program are designed to foster increased fishery participation by
indigenous residents of the Western Pacific Region.

A conference series was initiated by the Council in the Hawaiian Archipelago to engage the
Kanaka Maoli (Native Hawaiian) community in the development of the Hawaii Archipelago FEP
and to increase their participation in the management of fisheries. This endeavor was continued
by the Council in order to take the ahupuaa (Hawaiian land and water resource management)
concept to the next level, the development of a process to implement traditional resource
management practices into today’s management measures. Under the Hawaii Archipelago FEP,
this conference series will continue in Hawalii and will subsequently be extended to the other
areas of the Western Pacific Region including American Samoa. Although the specific format
will be tailored to each area’s cultures and communities, in all cases the Council will seek to
increase the participation of indigenous communities in the harvest, research, conservation and
management of marine resources as called for in Section 305 of the MSA.

1.7.3 International Management and Research

The Council is an active participant in the development and implementation of international
agreements regarding marine resources. The majority deal with management of the highly
migratory pelagic species and include decisions made by the Inter-American Tropical Tuna
Commission (IATTC), of which the U.S. is a member, and under the Convention on the
Conservation and Management of Highly Migratory Fish Stocks in the Central and Western
Pacific Region (Convention). On September 4, 2000, the United States voted for the adoption of
and signed the Convention along with 19 other participants in the Conference on the
Conservation and Management of Highly Migratory Fish Stocks of the Central and Western
Pacific (or MHLC, for Multilateral High-Level Conference). The Convention established the
Commission (WCPFC) to conserve and manage highly migratory species in the vast area of the
western and central Pacific west of 150° meridian of west longitude. As of December 8, 2006,
with passage of the amended MSA, the WCPFC was ratified and the U.S. will be a member of
the Convention upon depositing the articles of association with the repository nation (New
Zealand).

The Council is serving as a role model to other member nations with regards to ecosystem based-
management through its participation in these and other international organizations. For
example, the Council’s comprehensive and interdisciplinary approach to pelagics fisheries
management is an example of advances in conservation through improved gear technology;
community participation through the public meeting process; sustainable fishing through limited
entry programs and adherence to quota management; and using the best available science
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through cooperative research, improved stock assessments, and sharing knowledge within the
regional fishery management organization (RFMQO) process.

The Council also participates in and promotes the formation of regional and international
arrangements through other RFMOs (e.g., the Forum Fisheries Agency, the Secretariat of the
Pacific Community’s Oceanic Fisheries Programme, the Food and Agriculture Organization of
the U.N., the Intergovernmental Oceanographic Commission of UNESCO, the Inter-American
Convention for the Protection and Conservation of Sea Turtles, the International Scientific
Council, and the North Pacific Marine Science Organization) for assessing and conserving all
marine resources throughout their range, including the ecosystems and habitats that they depend
on. The Council is also developing similar linkages with the Southeast Asian Fisheries
Development Center and its turtle conservation program. Of increasing importance are bilateral
agreements regarding demersal resources such as those authorized under Pacific Insular Fishing
Agreements.

The governments of Samoa and American Samoa have recently signed a memorandum of
understanding to collaborate on a range of issues, including fishery issues. In the context of this
FEP, the most important issue is likely to be the management of bottomfish stocks as these
species are believed to be part of a shared population.
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CHAPTER 2: TOPICS IN ECOSYSTEM APPROACHES TO
MANAGEMENT

2.1 Introduction

An overarching goal of an ecosystem approach to fisheries management is to maintain and
conserve the structure and function of marine ecosystems by managing fisheries in a holistic
manner that considers the ecological linkages and relationships between a species and its
environment, including its human uses and societal values (Garcia et al. 2003; Laffoley et al.
2004; Pitkitch et al. 2004). Although the literature on the objectives and principles of ecosystem
approaches to management is extensive, there remains a lack of consensus and much uncertainty
among scientists and policy makers on how to best apply these often theoretical objectives and
principles in a real-world regulatory environment (Garcia et al. 2003; Hilborn 2004). In many
cases, it is a lack of scientific information that hinders their implementation (e.g., ecosystem
indicators); in other cases, there are jurisdictional and institutional barriers that need to be
overcome before the necessary changes can be accomplished to ensure healthy marine fisheries
and ecosystems (e.g., ocean zoning). These and other topics are briefly discussed below to
provide a context for the Council’s increasing focus on ecosystem approaches to management.

2.2  Ecosystem Boundaries

It is widely recognized that ecosystems are not static, but that their structure and functions vary
over time due to various dynamic processes (Christensen et al. 1996; Kay and Schneider 1994;
EPAP 1999). The term ecosystem was coined in 1935 by A. G. Tansley, who defined it as “an
ecological community together with its environment, considered as a unit” (Tansley 1935). The
U.S. Fish and Wildlife Service has defined an ecosystem as “a system containing complex
interactions among organisms and their non-living, physical environment” (USFWS 1994), while
NOAA defines an ecosystem as “a geographically specified system of organisms (including
humans), the environment, and the processes that control its dynamics” (NOAA 2004).

Although these definitions are more or less consistent (only NOAA explicitly includes humans
as part of ecosystems), the identification of ecosystems is often difficult and dependent on the
scale of observation or application. Ecosystems can be reasonably identified (e.g., for an
intertidal zone on Maui, Hawaii, as well as the entire North Pacific Ocean). For this reason,
hierarchical classification systems are often used in mapping ecosystem linkages between habitat
types (Allen and Hoekstra 1992; Holthus and Maragos 1995). NOAA'’s Ecosystem Advisory
Panel found that although marine ecosystems are generally open systems, bathymetric and
oceanographic features allow their identification on a variety of bases. In order to be used as
functional management units, however, ecosystem boundaries need to be geographically based
and aligned with ecologically meaningful boundaries (FAO 2002). Furthermore, if used as a
basis for management measures, an ecosystem must be defined in a manner that is both
scientifically and administratively defensible (Gonsalez 1996). Similarly, Sissenwine and
Murawski (2004) found that delineating ecosystem boundaries is necessary to an ecosystem
approach, but that the scale of delineation must be based on the spatial extent of the system that
is to be studied or influenced by management. Thus, the identification of ecosystem boundaries
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for management purposes may differ from those resulting from purely scientific assessments, but
in all cases ecosystems are geographically defined, or in other words, place-based.

2.3  Precautionary Approach, Burden of Proof, and Adaptive Management

There is general consensus that a key component of ecosystem approaches to resource
management is the use of precautionary approaches and adaptive management (EPAP 1999).
The FAO Code of Conduct for Responsible Fisheries states that under a precautionary approach:

...in the absence of adequate scientific information, cautious conservation
management measures such as catch limits and effort limits should be
implemented and remain in force until there is sufficient data to allow
assessment of the impacts of an activity on the long-term sustainability of
the stocks, whereupon conservation and management measures based on
that assessment should be implemented. (FAO 1995)

This approach allows appropriate levels of resource utilization through increased buffers and
other precautions where necessary to account for environmental fluctuations and uncertain
impacts of fishing and other activities on the ecology of the marine environment (Pitkitch et al.
2004).

A notion often linked with the precautionary approach is shifting the “burden of proof” from
resource scientists and managers to those who are proposing to utilize those resources. Under
this approach, individuals would be required to prove that their proposed activity would not
adversely affect the marine environment, as compared with the current situation that, in general,
allows uses unless managers can demonstrate such impacts (Hildreth et al. 2005). Proponents of
this approach believe it would appropriately shift the responsibility for the projection and
analysis of environmental impacts to potential resource users and fill information gaps, thus
shortening the time period between management decisions (Hildreth et al. 2005). Others believe
that it is unrealistic to expect fishery participants and other resource users to have access to the
necessary information and analytical skills to make such assessments.

The precautionary approach is linked to adaptive management through continued research and
monitoring of approved activities (Hildreth et al. 2005). As increased information and an
improved understanding of the managed ecosystem become available, adaptive management
requires resource managers to operate within a flexible and timely decision structure that allows
for quick management responses to new information or to changes in ecosystem conditions,
fishing operations, or community structures.

2.4  Ecological Effects of Fishing and Non-fishing Activities

Fisheries may affect marine ecosystems in numerous ways, and vice versa. Populations of fish
and other ecosystem components can be affected by the selectivity, magnitude, timing, location,
and methods of fish removals. Fisheries can also affect marine ecosystems through vessel
disturbance, bycatch or discards, impacts on nutrient cycling, or introduction of exotic species,
pollution, and habitat disturbance. Historically, federal fishery management focused primarily on
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ensuring long-term sustainability by preventing overfishing and by rebuilding overfished stocks.
However, the reauthorization of the MSA in 1996 placed additional priority on reducing non-
target or incidental catches, minimizing fishing impacts to habitat, and eliminating interactions
with protected species. While fisheries management has significantly improved in these areas in
recent years, there is now an increasing emphasis on the need to account for and minimize the
unintended and indirect consequences of fishing activities on other components of the marine
environment such as predator—prey relationships, trophic guilds, and biodiversity (Browman and
Stergiou 2004; Dayton et al. 2002).

For example, fishing for a particular species at a level below its maximum sustainable yield can
nevertheless limit its availability to predators, which, in turn, may impact the abundance of the
predator species. Similarly, removal of top-level predators can potentially increase populations
of lower level trophic species, thus causing an imbalance or change in the community structure
of an ecosystem (Pauly et al. 1998). Successful ecosystem management will require significant
increases in our understanding of the impacts of these changes and the formulation of appropriate
responses to adverse changes.

Marine resources are also affected by non-fishing aquatic and land-based activities. For example,
according to NOAA'’s (2005b) State of Coral Reefs Ecosystems of the United States and Pacific
Freely Associated States, anthropogenic stressors that are potentially detrimental to coral reef
resources include the following:

Coastal development and runoff
Coastal pollution

Tourism and recreation

Ships, boats, and groundings
Anchoring

Marine debris

Aquatic invasive species
Security training activities

Non-anthropogenic impacts arise from events such as weather cycles, hurricanes, and
environmental regime changes. While managers cannot regulate or otherwise control such
events, their occurrence can often be predicted and appropriate management responses can lessen
their adverse impacts.

Understanding the complex inter-relationships between marine organisms and their physical
environment is a fundamental component of successful ecosystem approaches to management.
Obtaining the necessary information to comprehensively assess, interpret, and manage these
inter-relationships will require in-depth and long-term research on specific ecosystems.

25 Data and Information Needs

Numerous research and data collection projects and programs have been undertaken in the
Western Pacific Region and have resulted in the collection of huge volumes of potentially
valuable detailed bathymetric, biological, and other data. Some of this information has been
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processed and analyzed by fishery scientists and managers; however, much has proven difficult
to utilize and integrate due to differences in collection methodologies coupled with a lack of
meta-data or documentation of how the data were collected and coded. This has resulted in
incompatible datasets as well as data that are virtually inaccessible to anyone except the primary
researchers. The rehabilitation and integration of existing datasets, as well as the establishment
of shared standards for the collection and documentation of new data, will be an essential part of
successful and efficient ecosystem management in the Western Pacific Region.

2.6 Use of Indicators and Models

Clearly, ecosystem-based management is enhanced by the ability to understand and predict
environmental changes, as well as the development of measurable characteristics (e.g., indices)
related to the structure, composition, or function of an ecological system (de Young et al. 2004;
EPAP 1999; MAFAC 2003).

Indicators

The development and use of indicators are an integral part of an ecosystem approach to
management as they provide a relatively simple mechanism to track complex trends in
ecosystems or ecosystem components. Indicators can be used to help answer questions about
whether ecosystem changes are occurring, and the extent (state variables; e.g., coral reef
biomass) to which causes of changes (pressure variables; e.g., bleaching) and the impacts of
changes influence ecosystem patterns and processes. This information, when available, may be
used in managing the fisheries within this FEP to develop appropriate response measures in
terms of management action. This pressure—state—response framework provides an intuitive
mechanism for causal change analyses of complex phenomena in the marine environment and
can clarify the presentation and communication of such analyses to a wide variety of
stakeholders (Wakeford 2005).

Monitoring and the use of indicator species as a means to track changes in ecological health (i.e.,
as an identifier of stresses) have been studied in various marine ecosystems including Indo-
Pacific coral reefs using butterflyfishes (Crosby and Reese 1996) and boreal marine ecosystems
in the Gulf of Alaska using pandalid shrimp, a major prey of many fish species (Anderson 2000).
Others have examined the use of spatial patterns and processes as indicators of management
performance (Babcock et al. 2005), and others have used population structure parameters, such
as mean length of target species, as an indicator of biomass depletion (Francis and Smith 1995).
Much has been written on marine ecosystem indicators (FAO 1999; ICES 2000, 2005). There
are, however, no established reference points for optimal ecosystem structures, composition, or
functions. Due to the subjective nature of describing or defining the desirable ecosystems that
would be associated with such reference points (e.g., a return to some set of prehistoric
conditions vs. an ecosystem capable of sustainable harvests), this remains a topic of much
discussion.

Models
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The ecosystem approach is regarded by some as endlessly complicated as it is assumed that
managers need to completely understand the detailed structure and function of an entire
ecosystem in order to implement effective ecosystem-based management measures (Browman
and Stergiou 2004). Although true in the ideal, interim approaches to ecosystem management
need not be overly complex to achieve meaningful improvements.

Increasing interest in ecosystem approaches to management has led to significant increases in the
modeling of marine ecosystems using various degrees of parameter and spatial resolution.
Ecosystem modeling of the Western Pacific Region has progressed from simple mathematical
models to dynamically parameterized simulation models (Polovina 1984; Polovina et al. 1994;
Polovina et al. 2004).

While physical oceanographic models are well developed, modeling of trophic ecosystem
components has lagged primarily because of the lack of reliable, detailed long-term data.
Consequently, there is no single, fully integrated model that can simulate all of the ecological
linkages between species and the environment (de Young et al. 2004).

De Young et al. (2004) examined the challenges of ecosystem modeling and presented several
approaches to incorporating uncertainty into such models. However, Walters (2005) cautioned
against becoming overly reliant on models to assess the relative risks of various management
alternatives and suggested that modeling exercises should be used as aids in experimental design
rather than as precise prescriptive tools.

2.7  Single-species Management versus Multi-species Management

A major theme in ecosystem approaches to fisheries management is the movement from
conventional single-species management to multi-species management (Mace 2004; Sherman
1986). Multi-species management is generally defined as management based on the
consideration of all fishery impacts on all marine species rather than focusing on the maximum
sustainable yield for any one species. The fact that many of the ocean’s fish stocks are believed
to be overexploited (FAO 2002) has been used by some as evidence that single-species models
and single-species management have failed (Hilborn 2004; Mace 2004). Hilborn (2004) noted
that some of the species that were historically overexploited (e.g., whales, bluefin tuna) were not
subject to any management measures, single- species or otherwise. In other cases (e.g., northern
cod), it was not the models that failed but the political processes surrounding them (Hilborn
2004). Thus, a distinction must be made between the use of single-species or multi-species
models and the application of their resultant management recommendations. Clearly, ecosystem
management requires that all fishery impacts be considered when formulating management
measures, and that both single-species and multi-species models are valuable tools in this
analysis. In addition, fishery science and management must remain open and transparent, and
must not be subjected to distorting political perspectives, whether public or private. However, it
also appears clear that fishery regulations must continue to be written on a species-specific basis
(e.g., allowing participants to land no more than two bigeye tuna and two fish of any other
species per day), as to do otherwise would lead to species highgrading (e.g., allowing
participants to land no more than four fish [all species combined] per day could result in each
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participant landing four bigeye tuna per day) and likely lead to overexploitation of the most
desirable species.

Although successful ecosystem management will require the holistic analysis and consideration
of marine organisms and their environment, the use of single-species models and management
measures will remain an important part of fishery management (Mace 2004). If applied to all
significant fisheries within an ecosystem, conservative single-species management has the
potential to address many ecosystem management issues (ICES 2000; Murawski 2005; Witherell
et al. 2000).

Recognizing the lack of a concise blueprint to implement the use of ecosystem indicators and
models, there is growing support for building upon traditional single-species management to
incrementally integrate and operationalize ecosystem principles through the use of
geographically parameterized indicators and models (Browman and Stergiou 2004; Sissenwine
and Murawski 2004).

2.8  Ocean Zoning

The use of ocean zoning to regulate fishing and non-fishing activities has been a second major
theme in the development of marine ecosystem management theory (Browman and Stergiou
2004). In general, these zones are termed Marine Protected Areas (MPAs) and are implemented
for a wide variety of objectives ranging from establishing wilderness areas to protecting
economically important spawning stocks (Lubchenco et al. 2003). In 2000, Executive Order
13158 was issued for the purpose of expanding the Nation’s existing system of MPAs to
“enhance the conservation of our Nation’s natural and cultural marine heritage and the
ecologically and economically sustainable use of the marine environment for future generations.”
The Executive Order also established an MPA Federal Advisory Committee charged with
providing expert advice and recommendations on the development of a national system of
MPAs. In June 2005, this Committee released its first report, which includes a range of
objectives and findings including the need for measurable goals, objectives, and assessments for
all MPAs (NOAA 2005). Today, MPAs can be found throughout the Western Pacific Region and
are considered to be an essential part of marine management. Ongoing research and outreach is
anticipated to result in the implementation of additional MPAs as ecosystem research provides
additional insights regarding appropriate MPA locations and structures to achieve specific
objectives.

2.9 Intra-agency and Inter-agency Cooperation

To be successful, ecosystem approaches to management must be designed to foster intra- and
inter-agency cooperation and communication (Schrope 2002). As discussed in Chapter 1, the
Western Pacific Region includes an array of federal, state, commonwealth, territory, and local
government agencies with marine management authority. Given that these many agencies either
share or each has jurisdiction over certain areas or activities, reaching consensus on how best to
balance resource use with resource protection is essential to resolving currently fragmented
policies and conflicting objectives. Coordination with state and local governments will be
especially important to the improved management of near-shore resources as these are not under
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federal authority. The recently released U.S. Ocean Action Plan (issued in response to the report
of the U.S. Ocean Commission on Policy) recognized this need and established a new cabinet
level Committee on Ocean Policy (U.S. Ocean Action Plan 2004) to examine and resolve these
issues. One alternative would be to centralize virtually all domestic marine management
authority within one agency; however, this would fail to utilize the local expertise and
experience contained in existing agencies and offices, and would likely lead to poor decision
making and increased social and political conflict.

2.10 Community-based Management

Communities are created when people live or work together long enough to generate local
societies. Community members associate to meet common needs and express common interests,
and relationships built over many generations lead to common cultural values and
understandings through which people relate to each other and to their environment. At this point,
collective action may be taken to protect local resources if they appear threatened, scarce, or
subject to overexploitation. This is one example of community-based resource management.

As ecosystem principles shift the focus of fishery management from species to places, increased
participation from the primary stakeholders (i.e., community members) can enhance marine
management by (a) incorporating local knowledge regarding specific locations and ecosystem
conditions; (b) encouraging the participation of stakeholders in the management process, which
has been shown to lead to improved data collection and compliance; and (c) improving
relationships between communities and often centralized government agencies (Dyer and
McGoodwin 1994).

Top-down management tends to center on policy positions that polarize different interest groups
and prevent consensus (Yaffee 1999). In contrast, “place”—a distinct locality imbued with
meaning—nhas value and identity for all partners and can serve to organize collaborative
partnerships. Despite often diverse backgrounds and frequently opposing perspectives, partners
are inspired to take collective on-the-ground actions organized around their connections and
affiliations with a particular place (Cheng et al. 2003).

In August 2004, President Bush issued Executive Order 13352 to promote partnerships between
federal agencies and states, local governments, tribes, and individuals that will facilitate
cooperative conservation and appropriate inclusion of local participation in federal decision
making regarding the Nation’s natural resources. Similarly, the U.S. Ocean Action Plan (2004)
found that “local involvement by those closest to the resource and their communities is critical to
ensuring successful, effective, and long-lasting conservation results.”

Successful resource management will need to incorporate the perspectives of both local and
national stakeholder groups in a transparent process that explicitly addresses issues of values,
fairness, and identity (Hampshire et al. 2004). Given their long histories of sustainable use of
marine resources, indigenous residents of the Western Pacific Region have not universally
embraced increasingly prohibitive management necessitated by the modern influx of foreign
colonizers and immigrants. In addition, some recent campaigns by non-governmental
organizations representing often far-off groups vigorously opposed to virtually all use of marine
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resources have increased what many see as the separation of local residents from the natural
environment that surrounds them. As humans are increasingly removed and alienated from the
natural environment, feelings of local ownership and stewardship are likely to decline, and
subsequent management and enforcement actions will become increasingly difficult (Hampshire
et al. 2004). This is especially relevant in the Western Pacific Region, which comprises a
collection of remote and far-flung island areas, most of which have poorly funded monitoring
and enforcement capabilities.

2.10.1 Community Participation

The Council’s community program developed out of the need for an indigenous program to
address barriers to the participation of indigenous communities in fisheries managed by the
Council. An objective of the indigenous program is to arrive at a point of collaboration,
reconciliation and consensus between the native indigenous community and the larger immigrant
communities in CNMI, Guam and Hawaii. The community in American Samoa is 80 — 90
percent native but the objective is the same—to arrive at a point of collaboration, reconciliation
and consensus with the larger U.S.

The Council’s community program is consistent with the need for the development of Fishery
Ecosystem Plans. Fishery Ecosystem Plans are place-based fishery management plans that allow
the Council to incorporate ecosystem principles into fishery management. Human communities
are important elements for consideration in ecosystem-based resource management plans.
Resources are managed for people, communities. NOAA has recognized that communities are
part of the ecosystem.

Any community-based initiative is about empowering the community. The Council’s efforts to
develop fishery ecosystem plans are focused on community collaboration, participation and
partnership. The efforts result in the development of strong community projects such as
community-led data collection and monitoring programs and revitalization of traditional and
cultural fishing practices. Finding and partnering with communities and organizations is time-
consuming and resource depleting. Outreach to communities in the form of presentations and
participation in school and community activities and other fora is ongoing to find projects that
the Council can support.

Community-Based Resource Management (CBRM) is a way for communities to gain control of
and manage their resources in ways that allow them to harvest and cultivate products in a
sustainable manner. CBRM is based on the principle of empowering people to manage the
natural and material resources that are critical to their community and regional success. This FEP
increases the community’s capacity and expertise in natural resource management, and provides
viable alternatives to uncontrolled resource depletion.

Because of the Council’s role in fishery conservation and management, many resources and
skills are available within the Council. These assets form the base for the application of Asset
Based Community Development (ABCD) — Community assets connected to organization assets
produce strong community-based projects.
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Community assets include, but are not limited to, cultural knowledge, resource areas, habitats,
sites, organizations, schools, individuals, families, community diversity and all of the attributes
that bring value to and define a community.

The community program of the Council is the application of Council assets to community assets
to produce community-based projects that strengthen the community’s ability to conserve and
manage their marine resources.

2.10.2 Community Development

In recent years, attention has been given to the potential impacts of growth and development on
communities. In general, growth has been viewed as healthy and desirable for communities
because it leads to additional jobs; increased economic opportunities; a broader tax base;
increased access to public services and the enhancement of cultural amenities. Growth is also
accompanied by changes in social structure, increased fiscal expenditures for necessary public
services and infrastructure, increased traffic, increased and changed utilization and consumption
of local natural resources and loss of open space and unique cultural attributes. Development
decisions are often made without a sufficient understanding of the consequences of those
decisions on overall community well-being. Changes induced by growth in a community are not
always positive. Fishery ecosystem planning requires the participation of communities. Careful,
planned decision-making is necessary for ensuring that growth and development is consistent
with the long-range goals of the community.
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CHAPTER 3: DESCRIPTION OF THE ENVIRONMENT

3.1 Introduction

Chapter 3 describes the environment and resources which may be considered as part of
ecosystem-based management of the fisheries within the American Samoa Archipelago FEP. For
more information, please see the Council’s FMPs, FMP amendments and associated annual
reports. Additional information is also available? in a 2008 environmental assessment for the
Crustaceans FMP (WPRFMC 2008a), a 2001 Final EIS for the Coral Reef Ecosystems FMP
(WPRFMC 2001), 2007 and 2008 environmental assessments for the Precious Corals FMP
(WPRFMC 2007b, WPRFMC 2008b), a 2005 Final EIS to the Bottomfish FMP (WPRFMC
2005b), and a 2007 Final Supplemental EIS to the Bottomfish FMP (WPRFMC 2007a) which
are incorporated here by reference. Although this FEP will not manage the Western Pacific
Region’s pelagic resources, successful ecosystem management requires consideration of
interactions between the pelagic and demersal environments, and thus both are discussed here.

3.2  Physical Environment

The following discussion presents a broad summary of the physical environment of the Pacific
Ocean. The dynamics of the Pacific Ocean’s physical environment have direct and indirect
effects on the occurrence and distribution of life in marine ecosystems.

3.2.1 The Pacific Ocean

The Pacific Ocean is world’s largest body of water. Named by Ferdinand Magellan as Mare
Pacificum (Latin for “peaceful sea”), the Pacific Ocean covers more than one third of Earth’s
surface (~64 million square miles). From north to south, it’s more than 9,000 miles long; from
east to west, the Pacific Ocean is nearly 12,000 miles wide (on the Equator). The Pacific Ocean
contains several large seas along its western margin including the South China Sea, Celebes Sea,
Coral Sea, and Tasman Sea.

3.2.2 Geology and Topography

Pacific islands have been formed by geologic processes associated with plate tectonics,
volcanism, and reef accretion. The theory of plate tectonics provides that Earth’s outer shell, the
“lithosphere”, is constructed of more than a dozen large solid “plates” that migrate across the
planet surface over time and interact at their edges. The plates sit above a solid rocky mantle that
is hot, and capable of flow. Figure 2 is a schematic diagram of Earth’s lithospheric plates. These
are made of various kinds of rock with different densities and can be thought of as pieces of a
giant jigsaw puzzle—where the movement of one plate affects the position of others. Generally,
the oceanic portion of plates is composed of basalt enriched with iron and magnesium which is
denser than the continental portion composed of granite which is enriched with silica. Tectonic
processes and plate movements define the contours of the Pacific Ocean. Generally, the abyssal

2 Available from the Council at www.wpcouncil.org or at 1164 Bishop St. Ste 1400, Honolulu, HI 96813
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plain or seafloor of the central Pacific basin is relatively uniform, with a mean depth of about
4,270 m (14,000 ft).* Within the Pacific basin, however, are underwater plate boundaries that
define long mountainous chains, submerged volcanoes, islands and archipelagos, and various
other bathymetric features that influence the movement of water and the occurrence and
distribution of marine organisms.

Pacific
Plate

Indo-Australian A
Plate

Antarctic
Plate -
2,000 4,000 km

— Flate boundaries I o

Figure 2: Schematic Diagram of the Earth's Lithospheric Plates
Source: Dr. C.H. Fletcher 111, UH Dept. of Geology and Geophysics, personal communication

Divergent plate boundaries —locations where lithospheric plates separate from each other—form
“spreading centers” where new seafloor is constructed atop high mid-ocean ridges. These ridges
stretch for thousands of kilometers* and are characterized by active submarine volcanism and
earthquakes. At these ridges, magma is generated at the top of the mantle immediately
underlying an opening, or rift, in the lithosphere. As magma pushes up under the spreading
lithosphere it inflates the ridges until a fissure is created and lava erupts onto the sea floor (Fryer
and Fryer 1999). The erupted lava, and its subsequent cooling, forms new seafloor on the edges
of the separating plates. This process is responsible for the phenomenon known as “seafloor
sprea%ing”, where new ocean floor is constantly forming and sliding away from either side of the
ridge.

Convergent plate boundaries are locations where two plates move together and one plate, usually
composed of denser basalt, subducts or slides beneath the other which is composed of less dense
rock, and is recycled into the mantle. When two plates of equivalent density converge, the rock
at the boundary fractures and shears like the front ends of two colliding cars, and forms a large
mountain range. The Himalayan Range has this origin. There are three different types of plate

® http://www.physicalgeography.net/fundamentals/8o.html
* http://www.washington.edu/burkemuseum/geo_history wa/The Restless Earth v.2.0.htm
> http://www.washington.edu/burkemuseum/geo_history wa/The Restless Earth v.2.0.htm
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convergence: 1) ocean-continent convergence, 2) ocean-ocean convergence, and 3) continent-
continent convergence (Fryer and Fryer 1999). A well known example of ocean-ocean
convergence is observed in the western Pacific, where the older and denser Pacific Plate
subducts under the younger and less dense Philippine Plate at a very steep angle. This results in
the formation of the Marianas Trench which at nearly 11 km (~36,000 ft) is the deepest point of
the seafloor.® Ocean-ocean convergent boundary movements may result in the formation of
island arcs, where the denser (generally older) plate subducts under the less dense plate. Melting
in the upper mantle above the subducting plate generates magma that rises into the overlying
lithosphere and may lead to the formation of a chain of volcanoes known as an island arc.” The
Indonesian Archipelago has this geologic origin, as does the Aleutian Island chain.

Transform boundaries, a third type of plate boundary, occur when lithospheric plates neither
converge nor diverge, but shear past one another horizontally, like two ships at sea that rub sides.
The result is the formation of very hazardous seismic zones of faulted rock, of which California’s
San Andreas Fault is an example (Fryer and Fryer 1999).

In addition to the formation of island arcs from ocean-ocean convergence, dozens of linear island
chains across the Pacific Ocean are formed from the movement of the Pacific Plate over
stationary sources of molten rock known as hot spots (Fryer and Fryer 1999). A well known
example of hot spot island formation is the Hawaiian Ridge-Emperor Seamounts chain that
extends some 6,000 km from the "Big Island™ of Hawaii (located astride the hotspot) to the
Aleutian Trench off Alaska where ancient islands are recycled into the mantle.® Although less
common, hot spots can also be found at mid-ocean ridges, exemplified by the Galapagos Islands
in the Pacific Ocean.®

The Pacific Ocean contains nearly 25,000 islands which can be simply classified as high islands
or low islands. High islands, like their name suggests, extend higher above sea level, and often
support a larger number of flora and fauna and generally have fertile soil. Low islands are
generally atolls built by layers of calcium carbonate secreted by reef building corals and
calcareous algae on a volcanic core of a former high island that has submerged below sea level.
Over geologic time, the rock of these low islands has eroded or subsided to where all that is
remaining near the ocean surface is a broad reef platform surrounding a usually deep central
lagoon (Nunn 2003).

In 2005, NOAA and the University of Hawaii conducted research on undersea volcanoes and
associated ecosystems between Hawaii and New Zealand.'® Using deep-sea submersibles
scientists visited the volcanic hotspot at the Vailulu'u Seamount located in American Samoa near
Tutuila. The Vailulu'u Seamount had been previously bathymetrically mapped; however, in the
six years since the most recent mapping a 330-meter tall volcanic cone, known as Nafanua, had
grown in the seamount’s crater. Scientists speculate this growth will continue and will breach the
sea surface within decades forming a new island in the Samoan island group. The seamount cone

® http://www.soest.hawaii.edu/coasts/chip/ch02/ch_2_7.asp (accessed July 2005)

" Ibid (accessed July 2005)

® http://pubs.usgs.gov/publications/text/Hawaiian.html (accessed July 2005)

® http://pubs.usgs.gov/publications/text/hotspots.html#anchor19620979 (accessed July 2005)
19 http://www.nurp.noaa.gov/Spotlight/UnderseaMtn.htm Accessed January, 2007.
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has several different types of hydrothermal vents which provide habitat for an unusual group of
organisms ranging from microbial mats to a species of polychaete worm and at the summit of

Nafanua, a thriving population of eels (Dysommina rugosa) surviving on crustaceans imported to
the system from the water column above.
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Figure 3: American Samoa

Source: http://www.soest.hawaii.edu/pibhmc/pibhmc_AmSamoa.htm
(accessed January, 2007).

3.2.3 Ocean Water Characteristics

Over geologic time, the Pacific Ocean basin has been filled in by water produced by physical and
biological processes. A water molecule is the combination of two hydrogen atoms bonded with
one oxygen atom. Water molecules have asymmetric charges, exhibiting a positive charge on the
hydrogen sides and a negative charge on the oxygen side of the molecule. This charge
asymmetry allows water to be an effective solvent, thus the ocean contains a diverse array of
dissolved substances. Relative to other molecules, water takes a great deal of heat to change
temperature, and thus the oceans have the ability to store large amounts of heat. When water
evaporation occurs, large amounts of heat are absorbed by the ocean (Tomczak and Godfrey
2003). The overall heat flux observed in the ocean is related to the dynamics of four processes:
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(a) incoming solar radiation, (b) outgoing back radiation,(c) evaporation, and (d) mechanical heat
transfer between ocean and atmosphere (Bigg 2003).

The major elements (> 100 ppm) present in ocean water include chlorine, sodium, magnesium,
calcium, and potassium, with chlorine and sodium being the most prominent, and their residue
(sea salt—NaCL) is left behind when seawater evaporates. Minor elements (1-100 ppm) include
bromine, carbon, strontium, boron, silicon, and fluorine. Trace elements (< 1 ppm) include
nitrogen, phosphorus, and iron (Levington 1995).

Oxygen is added to seawater by two processes: (a) atmospheric mixing with surface water and
(b) photosynthesis. Oxygen is subtracted from water through respiration and bacterial
decomposition of organic matter (Tomczak and Godfrey 2003).

3.2.4 Ocean Layers

On the basis of the effects of temperature and salinity on the density of water (as well as other
factors such as wind stress on water), the ocean can be separated into three layers: the surface
layer or mixed layer, the thermocline or middle layer, and the deep layer. The surface layer
generally occurs from the surface of the ocean to a depth of around 400 meters (or less
depending on location) and is the area where the water is mixed by currents, waves, and weather.
The thermocline is generally from 400 meters to 800 meters and where water temperatures
significantly differ from the surface layer, forming a temperature gradient that inhibits mixing
with the surface layer. More than 90 percent of the ocean by volume occurs in the deep layer,
which is generally below 800 meters and consists of water temperatures around 0—4° C. The
deep zone is void of sunlight and experiences high water pressure (Levington 1995).

The temperature of ocean water is important to oceanographic systems. For example, the
temperature of the mixed layer has an affect on the evaporation rate of water into the
atmosphere, which in turn is linked to the formation of weather. The temperature of water also
produces density gradients within the ocean, which prevents mixing of the ocean layers (Bigg
2003). See Figure 4 for a generalized representation of water temperatures and depth profiles.

The amount of dissolved salt or salinity varies between ocean zones, as well as across oceans.
For example, the Atlantic Ocean has higher salinity levels than the Pacific Ocean due to input
from the Mediterranean Sea (several large rivers flow into the Mediterranean). The average salt
content of the ocean is 35 ppt, but it can vary at different latitudes depending on evaporation and
precipitation rates. Salinity is lower near the equator than at middle latitudes due to higher
rainfall amounts. Salinity also varies with depth creating vertical salinity gradients often
observed in the oceans (Bigg 2003). See Figure 4 for a generalized representation of a salinity
cline at various ocean depths.
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Figure 4: Temperature and Salinity Profile of the Ocean
Sources: http://www.windows.ucar.edu/tour/link=/earth/Water/temp.html&edu=high (accessed July 2005
http://www.windows.ucar.edu/tour/link=/earth/Water/salinity depth.html&edu=high (accessed July 2005).

3.2.5 Ocean Zones

The ocean can be separated into the following five zones (see Figure 5) relative to the amount of
sunlight that penetrates through seawater: (a) epipelagic, (b) mesopelagic, (c) bathypelagic, (d)
abyssalpelagic, and (e) hadalpelagic. Sunlight is the principle factor of primary production
(phytoplankton) in marine ecosystems, and because sunlight diminishes with ocean depth, the
amount of sunlight penetrating seawater and its affect on the occurrence and distribution of
marine organisms are important. The epipelagic zone extends to nearly 200 meters and is the
near extent of visible light in the ocean. The mesopelagic zone occurs between 200 meters and
1,000 meters and is sometimes referred to as the “twilight zone.” Although the light that
penetrates to the mesopelagic zone is extremely faint, this zone is home to wide variety of
marine species. The bathypelagic zone occurs from 1,000 feet to 4,000 meters, and the only
visible light seen is the product of marine organisms producing their own light, which is called
“bioluminescence.” The next zone is the abyssalpelagic zone (4,000 m-6,000 m), where there is
extreme pressure and the water temperature is near freezing. This zone does not provide habitat
for very many creatures except small invertebrates such as squid and basket stars. The last zone
is the hadalpelagic (6,000 m and below) and occurs in trenches and canyons. Surprisingly,
marine life such as tubeworms and starfish are found is this zone, often near hydrothermal vents.
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Figure 5: Depth Profile of Ocean Zones
Source: Image reproduced by WPRFMC 2005b. Concept from http://www.seasky.org/monsters/sea7a4.html
(accessed July 2005).

3.2.6 Ocean Water Circulation

The circulation of ocean water is a complex system involving the interaction between the oceans
and atmosphere. The system is primarily driven by solar radiation that results in wind being
produced from the heating and cooling of ocean water, and the evaporation and precipitation of
atmospheric water. Except for the equatorial region, which receives a nearly constant amount of
solar radiation, the latitude and seasons affect how much solar radiation is received in a
particular region of the ocean. This, in turn, has an affect on sea—surface temperatures and the
production of wind through the heating and cooling of the system (Tomczak and Godfrey 2003).

3.2.7 Surface Currents

Ocean currents can be thought of as organized flows of water that exist over a geographic scale
and time period in which water is transported from one part of the ocean to another part of the
ocean (Levington 1995). In addition to water, ocean currents also transport plankton, fish, heat,
momentum, salts, oxygen, and carbon dioxide. Wind is the primary force that drives ocean
surface currents; however, Earth’s rotation and wind determine the direction of current flow. The
sun and moon also influence ocean water movements by creating tidal flow, which is more
readily observed in coastal areas rather than in open-ocean environments (Tomczak and Godfrey
2003). Figure 6 shows the major surface currents of the Pacific Ocean.
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In Figure 6, the shaded region indicates banded structure (Subtropical Countercurrents). In the
western South Pacific Ocean, the currents are shown for April-November when the dominant
winds are the Trades. During December—March, the region is under the influence of the
northwest monsoon, flow along the Australian coast north of 18° S and along New Guinea
reverses, the Halmahera Eddy changes its sense of rotation, and the South Equatorial Current
joins the North Equatorial Countercurrent east of the eddy (Tomczak and Godfrey 2003).
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Figure 6: Major Surface Currents of the Pacific Ocean
Source: Tomczak and Godfrey (2003).Note: Abbreviations include: the Mindanao Eddy (ME), the Halmahera Eddy
(HE), the New Guinea Coastal (NGCC), the North Pacific (NPC), and the Kamchatka Current (KC). Other
abbreviations refer to fronts: NPC (North Pacific Current), STF (Subtropical Front), SAF (Subantarctic Front), PF
(Polar Front), and CWB/WGB (Continental Water Boundary/Weddell Gyre Boundary).

3.2.8 Transition Zones

Transition zones are areas of ocean water bounded to the north and south by large-scale surface
currents originating from subartic and subtropical locations (Polovina et al. 2001). Located
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generally between 32° N and 42° N, the North Pacific Transition Zone is an area between the
southern boundary of the Subartic Frontal Zone (SAFZ) and the northern boundary of the
Subtropical Frontal Zone (STFZ; see Figure 7). Individual temperature and salinity gradients are
observed within each front, but generally the SAFZ is colder (~8° C) and less salty (~33.0 ppm)
than the STFZ (18° C, ~35.0 ppm, respectively). The North Pacific Transition Zone (NPTZ)
supports a marine food chain that experiences variation in productivity in localized areas due to
changes in nutrient levels brought on, for example, by storms or eddies. A common characteristic
among some of the most abundant animals found in the Transition Zone such as flying squid,
blue sharks, Pacific pomfret, and Pacific saury is that they undergo seasonal migrations from
summer feeding grounds in subartic waters to winter spawning grounds in the subtropical waters.
Other animals found in the NPTZ include swordfish, tuna, albatross, whales, and sea turtles
(Polovina et al. 2001).
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Figure 7: North Pacific Transition Zone
Source: http://www.pices.int/publications/special _publications/NPESR/2005/File 12 pp 201 210.pdf
(accessed July 2005)

3.2.9 Eddies

Eddies are generally short to medium term water movements that spin off of surface currents and
can play important roles in regional climate (e.g., heat exchange) as well as the distribution of
marine organisms. Large-scale eddies spun off of the major surface currents often blend cold
water with warm water, the nutrient rich with the nutrient poor, and the salt laden with fresher
waters (Bigg 2003). The edges of eddies, where the mixing is greatest, are often targeted by
fishermen as these are areas of high biological productivity.

3.2.10 Deep-Ocean Currents
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Deep-ocean currents, or thermohaline movements, result from density differences in the ocean
due to the effects of salinity and temperature on seawater (Tomczak and Godfrey 2003). In the
Southern Ocean, for example, water exuded from sea ice is extremely dense due to its high salt
content and, therefore, sinks to the bottom and flows down filling up the deep polar ocean basins.
The system delivers water to deep portions of the polar basins as the dense water spills out into
oceanic abyssal plains. The movement of the dense water is influenced by bathymetry. For
example, the Arctic Ocean does not contribute much of its dense water to the Pacific Ocean due
to the narrow shallows of the Bering Strait. Generally, the deep-water currents flow through the
Atlantic Basin, around South Africa, into the Indian Ocean, past Australia, and into the Pacific
Ocean. This process has been labeled the “ocean conveyor belt”—taking nearly 1,200 years to
complete one cycle. The movement of the thermohaline conveyor can affect global weather
patterns, and has been the subject of much research as it relates to global climate variability. See
Figure 8 for a simplified schematic diagram of the deep-ocean conveyor belt system.
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Figure 8: Deep-Ocean Water Movement
Source: U.N. GEO Yearbook 2004

3.2.11 Prominent Pacific Ocean Meteorological Features

The air—sea interface is a dynamic relationship in which the ocean and atmosphere exchange
energy and matter. This relationship is the basic driver for the circulation of surface water
(through wind stress) as well as for atmospheric circulation (through evaporation). The formation
of weather systems and atmospheric pressure gradients are linked to exchange of energy (e.g.,
heat) and water between air and sea (Bigg 2003).

Near the equator, intense solar heating causes air to rise and water to evaporate, thus resulting in

areas of low pressure. Air flowing from higher trade wind pressure areas move to the low
pressure areas such as the Intertropical Convergence Zone (ITCZ) and the South Pacific
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Convergence Zone (SPCZ), which are located around 5° N and 30° S, respectively. Converging
trade winds in these areas do not produce high winds, but instead often form areas that lack
significant wind speeds. These areas of low winds are known as the “doldrums.” The
convergence zones are associated near ridges of high sea—surface temperatures, with
temperatures of 28° C and above, and are areas of cloud accumulation and high rainfall amounts.
The high rainfall amounts reduce ocean water salinity levels in these areas (Sturman and
McGowan 2003).

The air that has risen in equatorial region fans out into the higher troposphere layer of the
atmosphere and settles back toward Earth at middle latitudes. As air settles toward Earth, it
creates areas of high pressure known as subtropical high-pressure belts. One of these high-
pressure areas in the Pacific is called the “Hawaiian High Pressure Belt,” which is responsible
for the prevailing trade wind pattern observed in the Hawaiian Islands (Sturman and McGowan
2003).

The Aleutian Low Pressure System is another prominent weather feature in the Pacific Ocean
and is caused by dense polar air converging with air from the subtropical high-pressure belt. As
these air masses converge around 60° N, air is uplifted, creating an area of low pressure. When
the relatively warm surface currents (Figure 6) meet the colder air temperatures of subpolar
regions, latent heat is released, which causes precipitation. The Aleutian Low is an area where
large storms with high winds are produced. Such large storms and wind speeds have the ability
to affect the amount of mixing and upwelling between ocean layers (e.g., mixed layer and
thermocline, Polovina et al. 1994).

The dynamics of the air-sea interface do not produce steady states of atmospheric pressure
gradients and ocean circulation. As discussed in the previous sections, there are consistent
weather patterns (e.g., ITCZ) and surface currents (e.g., north equatorial current); however,
variability within the ocean—atmosphere system results in changes in winds, rainfall, currents,
water column mixing, and sea-level heights, which can have profound effects on regional
climates as well as on the abundance and distribution of marine organisms.

One example of a shift in ocean—atmospheric conditions in the Pacific Ocean is El Nifio—
Southern Oscillation (ENSO). ENSO is linked to climatic changes in normal prominent weather
features of the Pacific and Indian Oceans, such as the location of the ITCZ. ENSO, which can
occur every 2-10 years, results in the reduction of normal trade winds, which reduces the
intensity of the westward flowing equatorial surface current (Sturman and McGowan 2003). In
turn, the eastward flowing countercurrent tends to dominate circulation, bringing warm, low-
salinity low-nutrient water to the eastern margins of the Pacific Ocean. As the easterly trade
winds are reduced, the normal nutrient-rich upwelling system does not occur, leaving warm
surface water pooled in the eastern Pacific Ocean.

The impacts of ENSO events are strongest in the Pacific through disruption of the atmospheric
circulation, generalized weather patterns, and fisheries. ENSO affects the ecosystem dynamics in
the equatorial and subtropical Pacific by considerable warming of the upper ocean layer, rising
of the thermocline in the western Pacific and lowering in the east, strong variations in the
intensity of ocean currents, low trade winds with frequent westerlies, high precipitation at the
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dateline, and drought in the western Pacific (Sturman and McGowan 2003). ENSO events have
the ability to significantly influence the abundance and distribution of organisms within marine
ecosystems. Human communities also experience a wide range of socioeconomic impacts from
ENSO such as changes in weather patterns resulting in catastrophic events (e.g., mudslides in
California due to high rainfall amounts) as well as reductions in fisheries harvests, e.g., collapse
of anchovy fishery off Peru and Chile (Levington 1995; Polovina 2005).

Changes in the Aleutian Low Pressure System are another example of interannual variation in a
prominent Pacific Ocean weather feature profoundly affecting the abundance and distribution of
marine organisms. Polovina et al. (1994) found that between 1977 and 1988 the intensification of
the Aleutian Low Pressure System in the North Pacific resulted in a deeper mixed-layer depth,
which led to higher nutrients levels in the top layer of the euphotic zone. This, in turn, led to an
increase in phytoplankton production, which resulted in higher productivity levels (higher
abundance levels for some organisms) in the Northwestern Hawaiian Islands. Changes in the
Aleutian Low Pressure System and its resulting effects on phytoplankton productivity are
thought to occur generally every ten years. The phenomenon is often referred to as the “Pacific
Decadal Oscillation” (Polovina 2005; Polovina et al. 1994).

The effects of prominent meteorological features on the ecoystems and marine resources of the
American Samoa Archipelago are unclear, but will likely attract more focus under an ecosystem
approach to management.

No oceanographic research has been conducted with regards to the influence of oceanographic
features on American Samoan fisheries, such as the effects of predominating currents and
horizontal shear on gear placement, or effects of geological ocean features on flow regime and
water column properties. However, scientists at PIFSC are currently conducting an
oceanographic characterization of American Samoa fishing grounds, coupling this information
with fishery information to develop a functional understanding of the spatial and temporal
occupation and movement tendencies of large South Pacific albacore and the role of the
environment on longline gear performance and catch. In the latter phase of this project, fishery
information will include incorporation of albacore depth distribution and gear performance
obtained from commercial longlines instrumented with time-depth-recorders (TDRs) and the set
level catch information from the American Samoa fishery logbook program. Products from this
research will lead to a better understanding of the pelagic habitat and an improved interpretation
of catch rates and patterns, thus providing information necessary to move forward on ecosystem-
based fishery management policies and stock assessment efforts. This type of information may
also provide information on the ecosystem around American Samoa useful in managing the
fisheries under this FEP.

3.2.12 Pacific Island Geography

The following sections briefly describe the island areas of the Western and Central Pacific Ocean
to provide background on the diversity of island nations and the corresponding physical and
political geography surrounding the American Samoa Archipelago. These Pacific islands areas
are generally grouped into three major areas: (a) Micronesia, (b) Melanesia, and (c) Polynesia.
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3.2.121 Micronesia

Micronesia, which is primarily located in the western Pacific Ocean, is made up of hundreds of
high and low islands within six archipelagos including the: (a) Caroline Islands, (b) Marshall
Islands, (c) Mariana Islands, (d) Gilbert Islands, (e) Line Islands, and (f) Phoenix Islands.

The Caroline Islands (~850 square miles) are composed of many low coral atolls, with a few
high islands. Politically, the Caroline Islands are separated into two countries: Palau and the
Federated States of Micronesia.

The Marshall Islands (~180 square miles) are made up of 34 low-lying coral atolls separated into
two chains: the southeastern Ratak Chain and the northwestern Ralik Chain. Wake Island is
geologically a part of the Marshall Islands archipelago.

The Mariana Islands (~396 square miles) are composed of 15 volcanic islands that are part of a
submerged mountain chain that stretches nearly 1,500 miles from Guam to Japan. Politically, the
Mariana Islands are split into the Territory of Guam and the Commonwealth of Northern
Mariana Islands, both of which are U.S. possessions.

Nauru (~21 square miles), located southeast of the Marshall Islands, is a raised coral reef atoll
rich in phosphate. The island is governed by the Republic of Nauru, which is the smallest
independent nation in the world.

The Gilbert Islands are located south of the Marshall Islands and are made up of 16 low-lying
coral atolls.

The Line Islands, located in the central South Pacific, are made up of ten coral atolls, of which
Kirimati is the largest in the world (~609 square miles). The U.S. possessions of Kingman Reef,
Palmyra Atoll, and Jarvis Island are located within the Line Islands. Most of the islands and
atolls in these three chains, however, are part of the Republic of Kiribati (~ 811 square miles),
which has an EEZ of nearly one million square miles.

The Phoenix Islands, located to the southwest of the Gilbert Islands, are composed of eight coral
atolls. Howland and Baker Islands (U.S. possessions) are located within the Phoenix archipelago.

3.2.12.2 Melanesia

Melanesia is composed of several archipelagos that include: (a) Fiji Islands, (b) New Caledonia,
(c) Solomon Islands, (d) New Guinea, (€), Vanuatu Islands, and (f), Maluku Islands.

Located approximately 3,500 miles northeast of Sydney, Australia, the Fiji archipelago (~18,700
square miles) is composed of nearly 800 islands: the largest islands are volcanic in origin and the
smallest islands are coral atolls. The two largest islands, Viti Levu and Vanua Levu, make up
nearly 85 percent of the total land area of the Republic of Fiji Islands.
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Located nearly 750 miles east—northeast of Australia, is the volcanic island of Grande Terre or
New Caledonia (~6,300 square miles). New Caledonia is French Territory and includes the
nearby Loyalty Islands and the Chesterfield Islands, which are groups of small coral atolls.

The Solomon Islands (~27,500 square miles) are located northwest of New Caledonia and east of
Papua New Guinea. Thirty volcanic islands and several small coral atolls make up this former
British colony, which is now a member of the Commonwealth of Nations. The Solomon Islands
are made up of smaller groups of islands such as the New Georgia Islands, the Florida Islands,
the Russell Islands, and the Santa Cruz Islands. Approximately 1,500 miles separate the western
and eastern island groups of the Solomon Islands.

New Guinea is the world’s second largest island and is thought to have separated from Australia
around 5000 BC. New Guinea is split between two nations: Indonesia (west) and Papua New
Guinea (east). Papua New Guinea (~178,700 square miles) is an independent nation that also
governs several hundred small islands within several groups. These groups include the Bismarck
Archipelago and the Louisiade Islands, which are located north of New Guinea, and Tobriand
Islands, which are southeast of New Guinea. Most of the islands within the Bismarck and
Lousiade groups are volcanic in origin, whereas the Tobriand Islands are primarily coral atolls.

The Vanuatu Islands (~4,700 square miles) make up an archipelago that is located to the
southeast of the Solomon Islands.There are 83 islands in the approximately 500-mile long
Vanuatu chain, most of which are volcanic in origin. Before becoming an independent nation in
1980 (Republic of Vanuatu), the Vanuatu Islands were colonies of both France and Great Britain,
and known as New Hebrides.

The Maluku Islands (east of New Guinea) and the Torres Strait Islands (between Australia and
New Guinea) are also classified as part of Melanesia. Both of these island groups are volcanic in
origin. The Maluku Islands are under Indonesia’s governance, while the Torres Strait Islands are
governed by Australia.

3.2.12.3 Polynesia

Polynesia is composed of several archipelagos and island groups including (a) New Zealand and
associated islands, (b) Tonga, (c) Samoa Islands, (d) Cook Islands, (e) Tuvalu, (f) Tokelau , (g)
the Territory of French Polynesia, (h) Pitcairn Islands, (i) Easter Island (Rapa Nui), and (j)
Hawaii.

New Zealand (~103,470 square miles) is composed of two large islands, North Island and South
Island, and several small island groups and islands. North Island (~44,035 square miles) and
South Island (~58,200 square miles) extend for nearly 1,000 miles on a northeast—-southwest axis
and have a maximum width of 450 miles. The other small island groups within the former British
colony include the Chatham Islands and the Kermadec Islands. The Chatham Islands are a group
of ten volcanic islands located 800 kilometers east of South Island. The four emergent islands of
the Kermadec Islands are located 1,000 kilometers northeast of North Island and are part of a
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larger island arc with numerous subsurface volcanoes. The Kermadec Islands are known to be an
active volcanic area where the Pacific Plate subducts under the Indo-Australian Plate.

The islands of Tonga (~290 square miles) are located 450 miles east of Fiji and consist of 169
islands of volcanic and raised limestone origin. The largest island, Tongatapu (~260 square
miles), is home to two thirds of Tonga’s population (~106,000). The people of Tonga are
governed under a hereditary constitutional monarchy.

The Samoa archipelago is located northeast of Tonga and consists of seven major volcanic
islands, several small islets, and two coral atolls. The largest islands in this chain are Upolu
(~436 square miles) and Savai'i (~660 square miles). Upolu and Savai'i and its surrounding
islets and small islands are governed by the Independent State of Samoa with a population of
approximately 178,000 people.

The five volcanic islands that are the major inhabited islands of American Samoa, are Tutuila,
Aunu’u, Ofu, Olosega, and Ta’u. Tutuila, the largest island (55 square miles), is the center of
government and business. Aunu’u, a satellite of Tutuila, lies one-quarter mile off the coast. The
three islands of Ofu, Olosega, and Ta’u are collectively referred to as the Manu’a islands (with a
total land area of less than 20 square miles) and lie 70 miles east of Tutuila. Swains Island, with
a population of approximately 30, lies 200 miles north of Tutuila, and the uninhabited Rose Atoll
is a national sanctuary. Tutuila, Manua, and Rose Atoll are between the 14°-15° S latitude, and
Swains Island lies at 11° S lattidue. Swains Island is, geographically, a member of the Tokelau
archipelago. The region was believed to be relatively geologically inactive with few seamounts
or guyots in comparison to other Polynesian states. New anecdotal evidence indicates that the
region is volcanically active. The majority of islands rise from deep (4,000 m) oceanic depths.

The total land mass of American Samoa is about 200 square kilometers, surrounded by a EEZ of
approximately 390,000 square kilometers. The largest island, Tutuila, is nearly bisected by Pago
Pago Harbor, the deepest and one of the most sheltered embayments in the South Pacific.

American Samoa experiences southeast trade winds that result in frequent rains and a warm
tropical climate. The year-round air temperatures range from 70° to 90° F. Humidity averages 80
percent during most of the year. The average rainfall at Pago Pago International Airport is 130
inches per year, while Pago Pago Harbor, only 4.5 miles away, receives an average of 200 inches
of rainfall per year (TPC/Dept. of Commerce, 2000).

To the east of the Samoa archipelago are the Cook Islands (~90 square miles), which are
separated into the Northern Group and Southern Group. The Northern Group consists of six
sparsely populated coral atolls, and the Southern Group consists of seven volcanic islands and
two coral atolls. Rorotonga (~26 square miles), located in the Southern Group, is the largest
island in the Cook Islands and also serves as the capitol of this independent island nation. From
north to south, the Cook Islands spread nearly 900 miles, and the width between the most distant
islands is nearly 450 miles. The Cook Islands EEZ is approximately 850,000 square miles.

Approximately 600 miles northwest of the Samoa Islands is Tuvalu (~10 square miles), an
independent nation made up of nine low-lying coral atolls. None of the islands have elevation
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higher than 14 feet, and the total population of the country is around 11,000 people. Tuvalu’s
coral island chain extends for nearly 360 miles, and the country has an EEZ of 350,000 square
miles.

East of Tuvalu and north of Samoa are the Tokelau Islands (~4 square miles). Three coral atolls
make up this territory of New Zealand, and a fourth atoll (Swains Island) is of the same group,
but is controlled by the U.S Territory of American Samoa.

The 32 volcanic islands and 180 coral atolls of the Territory of French Polynesia (~ 1,622 square
miles) are made up of the following six groups: the Austral Islands, Bass Islands, Gambier
Islands, Marquesas Islands, Society Islands, and the Tuamotu Islands. The Austral Islands are a
group of six volcanic islands in the southern portion of the territory. The Bass Islands are a group
of two islands in the southern-most part of the territory, with their vulcanism appearing to be
much more recent than that of the Austral Islands. The Gambier Islands are a small group of
volcanic islands in a southeastern portion of the Territory and are often associated with the
Tuamotu Islands because of their relative proximity; however, they are a distinct group because
they are of volcanic origin rather than being coral atolls. The Tuamotu Islands, of which there are
78, are located in the central portion of the Territory and are the world’s largest chain of coral
atolls. The Society Islands are group of several volcanic islands that include the island of Tabhiti.
The island of Tahiti is home to nearly 70 percent of French Polynesia’s population of
approximately 170,000 people. The Marquesa Islands are an isolated group of islands located in
the northeast portion of the territory, and are approximately 1,000 miles northeast of Tahiti. All
but one of the 17 Marquesas Islands are volcanic in origin. French Polynesia has one of the
largest EEZs in the Pacific Ocean at nearly two million square miles.

The Pitcairn Islands are a group of five islands thought to be an extension of the Tuamotu
Archipelago. Pitcairn Island is the only volcanic island, with the others being coral atolls or
uplifted limestone. Henderson Island is the largest in the group; however, Pitcairn Island is the
only one that is inhabited.

Easter Island, a volcanic high island located approximately 2,185 miles west of Chile, is thought
to be the eastern extent of the Polynesian expansion. Easter Island, which is governed by Chile,
has a total land area of 63 square miles and a population of approximately 3,790 people.

The northern extent of the Polynesian expansion is the Hawaiian Islands, which are made up of
137 islands, islets, and coral atolls. The exposed islands are part of a great undersea mountain
range known as the Hawaiian-Emperor Seamount Chain, which was formed by a hot spot within
the Pacific Plate. The Hawaiian Islands extend for nearly 1,500 miles from Kure Atoll in the
northwest to the Island of Hawaii in the southeast. The Hawaiian Islands are often grouped into
the Northwestern Hawaiian Islands (Nihoa to Kure) and the Main Hawaiian Islands (Hawaii to
Niihau). The total land area of the 19 primary islands and atolls is approximately 6,423 square
miles, and the over 75 percent of the 1.2 million population lives on the island of Oahu.

3.3 Biological Environment
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This section contains general descriptions of marine trophic levels, food chains, and food webs,
as well as a description of two general marine environments: benthic or demersal (associated
with the seafloor) and pelagic (the water column and open ocean). A broad description of the
types of marine organisms found within these environments is provided, as well as a description
of organisms important to fisheries. Protected species are also described in this section. This
section is intended to provide background information on the ecosystem and ecosystem concepts
that must be considered when managing the fisheries of American Samoa.

3.3.1 Marine Food Chains, Trophic Levels, and Food Webs

Food chains are often thought of as a linear representation of the basic flow of organic matter
and energy through a series of organisms. Food chains in marine environments are normally
segmented into six trophic levels: primary producers, primary consumers, secondary consumers,
tertiary consumers, quaternary consumers, and decomposers.

Generally, primary producers in the marine ecosystems are organisms that fix inorganic carbon
into organic carbon compounds using external sources of energy (i.e., sunlight). Such organisms
include single-celled phytoplankton, bottom-dwelling algae, macroalgae (e.g., sea weeds), and
vascular plants (e.g., kelp). All of these organisms share common cellular structures called
“chloroplasts,” which contain chlorophyll. Chlorophyll is a pigment that absorbs the energy of
light to drive the biochemical process of photosynthesis. Photosynthesis results in the
transformation of inorganic carbon into organic carbon such as carbohydrates, which are used for
cellular growth.

Primary consumers in the marine environment are organisms that feed on primary producers, and
depending on the environment (i.e., pelagic vs. benthic) include zooplankton, corals, sponges,
many fish, sea turtles, and other herbivorous organisms. Secondary, tertiary, and quaternary
consumers in the marine environment are organisms that feed on primary or higher level
consumers and include fish, mollusks, crustaceans, mammals, and other carnivorous and
omnivorous organisms. Decomposers live off dead plants and animals, and are essential in food
chains as they break down organic matter and make it available for primary producers (Valiela
2003).

Marine food webs are complex representations of overall patterns of feeding among organisms,
but generally they are unable to reflect the true complexity of the relationships between
organisms, so they must be thought of as simplified representations. An example of a marine
food web applicable to the Western Pacific is presented in Figure 9. The openness of marine
ecosystems, lack of specialists, long life spans, and large size changes and food preferences
across the life histories of many marine species make marine food webs more complex than their
terrestrial and freshwater counterparts (Link 2002). Nevertheless, food webs are an important
tool in understanding ecological relationships among organisms.
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Figure 9: Central Pacific Pelagic Food Web
Source: Kitchell et al. 1999

This tangled “bird’s nest” represents interactions at the approximate trophic level of each pelagic
species, with increasing trophic level toward the top of the web.

3.3.2 Benthic Environment

The word benthic comes from the Greek work benthos or “depths of the sea.” The definition of
the benthic (or demersal) environment is quite general in that it is regarded as extending from the
high-tide mark to the deepest depths of the ocean floor. Benthic habitats are home to a wide
range of marine organisms forming complex community structures. This section presents a
simple description of the following benthic zones: (a) intertidal tide pools, (b) subtidal (e.g.,
coral reefs), (c) deep-reef slope, (d) banks and seamounts and (e) deep-ocean bottom (see Figure
10).

50



Surge Zone

L 'I.Tb

Coral S
Reef

Pelagic

B S
Abysiapdagic Zone
Abryzsal Plain

Seamounts

Figure 10: Benthic Environment
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3.3.2.1 Intertidal Zone

The intertidal zone is a relatively small margin of seabed that exists between the highest and
lowest extent of the tides. Because of wave action on unprotected coastlines, the intertidal zone
can sometimes extend beyond tidal limits due to the splashing effect of waves. Vertical zonation
among organisms is often observed in intertidal zones, where the lower limits of some organisms
are determined by the presence of predators or competing species, whereas the upper limit is
often controlled by physiological limits and species’ tolerance to temperature and drying
(Levington 1995). Organisms that inhabit the intertidal zone include algae, seaweeds, mollusks,
crustaceans, worms, echinoderms (starfish), and cnidarians (e.g., anemones).

Many organisms in the intertidal zone have adapted strategies to combat the effects of
temperature, salinity, and desiccation due to the wide-ranging tides of various locations.
Secondary and tertiary consumers in intertidal zones include starfish, anemones, and seabirds.
Marine algae are the primary produces in most intertidal areas. Many species’ primary
consumers such as snails graze on algae growing on rocky substrates in the intertidal zone. Due
to the proximity of the intertidal zone to the shoreline, intertidal organisms are important food
items to many human communities. In Hawaii, for example, intertidal limpet species (snails)
such as “opihi (Cellana exarata) were eaten by early Hawaiian communities and are still a
popular food item in Hawaii today. In addition to mollusks, intertidal seaweeds are also
important food items for Pacific islanders.

3.3.2.2 Seagrass Beds

Seagrasses are common in all marine ecosystems and are a regular feature of most of the inshore
areas adjacent to coral reefs in the Pacific Islands. According to Hatcher et al. (1989), seagrasses
stabilize sediments because leaves slow current flow, thus increasing sedimentation of particles.
The roots and rhizomes form a complex matrix that binds sediments and stops erosion. Seagrass
beds are the habitat of certain commercially valuable shrimps, and provide food for reef-
associated species such as surgeonfishes (Acanthuridae) and rabbitfishes (Siganidae). Seagrasses
are also important sources of nutrition for higher vertebrates such as dugongs and green turtles.
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A concise summary of the seagrass species found in the western tropical South Pacific is given
by Coles and Kuo (1995). From the fisheries perspective, the fishes and other organisms
harvested from the coral reef and associated habitats, such as mangroves, seagrass beds, shallow
lagoons, bays, inlets and harbors, and the reef slope beyond the limit of coral reef growth,
contribute to the total yield from coral reef-associated fisheries.

Seagrasses and algae are important to green sea turtles and are also among the most productive
ecosystems on the planet. Green turtles both help to maintain the seagrass beds and to make them
more productive. Without grazing by green turtles, the seagrass blades grow tall and new growth
gets choked by sediments that obscure light and promote disease.

Additionally, seagrass consumed by green turtles is quickly digested and becomes available as
recycled nutrients to the many species of plants and animals that live in the seagrass ecosystem.
Seagrass beds also function as nurseries for species of invertebrates and fish, many of which are
of considerable value to commercial fisheries.

3.3.2.3 Mangrove Forests

Mangroves are terrestrial shrubs and trees that are able to live in the salty environment of the
intertidal zone. Their prop roots form important substrate on which sessile organisms can grow,
and they provide shelter for fishes. Mangroves are believed to also provide important nursery
habitat for many juvenile reef fishes. The American Samoa Archipelago represents the
easternmost natural extension of mangroves in the Indo-Pacific, with mangrove communities
composed of two main species Bruguiera gymnorhiza and Rhizophora mangle. Apart from the
usefulness of the wood for building, charcoal, and tannin, mangrove forests stabilize areas where
sedimentation is occurring and are important as nursery grounds for peneaeid shrimps and some
inshore fish species. They also provide a habitat for some commercially valuable crustaceans and
protect coral reefs from sedimentation.

A majority of mangrove areas in American Samoa have been filled in since the early 1900s and
only five significant mangrove stands remain. Mangrove wetlands were once prominent features
at the mouths of most American Samoa freshwater streams, but population growth and
development have been and remain major threats to American Samoa’s mangrove wetlands.
Mangrove wetlands help protect American Samoa villages from flooding and storm wave
damage, and provide habitat for local wildlife.

3.3.2.4 Coral Reefs

Coral reefs are carbonate rock structures at or near sea level that support viable populations of
scleractinian or reef-building corals. Apart from a few exceptions in the Pacific Ocean, coral
reefs are confined to the warm tropical and subtropical waters lying between 30° N and 30° S.
Coral reef ecosystems are some of the most diverse and complex ecosystems on Earth. Their
complexity is manifest on all conceptual dimensions, including geological history, growth and
structure, biological adaptation, evolution and biogeography, community structure, organism and
ecosystem metabolism, physical regimes, and anthropogenic interactions (Hatcher et al. 1989).
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Coral reefs and reef-building organisms are confined to the shallow upper euphotic zone.
Maximum reef growth and productivity occur between 5 and 15 meters (Hopley and Kinsey
1988), and maximum diversity of reef species occurs at 10-30 meters (Huston 1985). Thirty
meters has been described as a critical depth below which rates of growth (accretion) of coral
reefs are often too slow to keep up with changes in sea level. This was true during the Holocene
transgression over the past 10,000 years, and many reefs below this depth drowned during this
period. Coral reef habitat does extend deeper than 30 meters, but few well-developed reefs are
found below 50 meters. Many coral reefs are bordered by broad areas of shelf habitat (reef slope)
between 50 and 100 meters that were formed by wave erosion during periods of lower sea levels.
These reef slope habitats consist primarily of carbonate rubble, algae, and microinvertebrate
communities, some of which may be important nursery grounds for some coral reef fish, as well
as a habitat for several species of lobster. However, the ecology of this habitat is poorly known,
and much more research is needed to define the lower depth limits of coral reefs, which by
inclusion of shelf habitat could be viewed as extending to 100 meters.

The symbiotic relationship between the animal coral polyps and algal cells (dinoflagellates)
known as zooxanthellae is a key feature of reef-building corals. Incorporated into the coral
tissue, these photosynthesizing zooxanthellae provide much of the polyp’s nutritional needs,
primarily in the form of carbohydrates. Most corals supplement this food source by actively
feeding on zooplankton or dissolved organic nitrogen, because of the low nitrogen content of the
carbohydrates derived from photosynthesis. Due to reef-building coral’s symbiotic relationship
with photosynthetic zooxanthellae, reef-building corals do not generally occur at depths greater
than 100 meters (~300 ft)(Hunter 1995).

Primary production on coral reefs is associated with phytoplankton, algae, seagrasses, and
zooxanthellae. Primary consumers include many different species of corals, mollusks,
crustaceans, echinoderms, gastropods, sea turtles, and fish (e.g., parrot fish). Secondary
consumers include anemones, urchins, crustaceans, and fish. Tertiary consumers include eels,
octopus, barracudas, and sharks.

The corals and coral reefs of the Pacific are described in Wells and Jenkins (1988) and Veron
(1995). The number of coral species declines in an easterly direction across the western and
central Pacific, which is in common with the distribution of fish and invertebrate species. More
than 330 species are contained in 70 genera on the Australian Barrier Reef, compared with only
30 coral genera present in the Society Islands of French Polynesia and 10 genera in the
Marquesas and Pitcairn Islands. Hawaii, by virtue of its isolated position in the Pacific, also has
relatively few species of coral (about 50 species in 17 genera) and, more important, lacks most of
the branching or “tabletop” Acropora species that form the majority of reefs elsewhere in the
Pacific. The Acropora species provide a large amount of complex three-dimensional structure
and protected habitat for a wide variety of fishes and invertebrates. As a consequence, Hawaiian
coral reefs provide limited “protecting” three-dimensional space. This is thought to account for
the exceptionally high rate of endemism among Hawaiian marine species. Furthermore, many
believe that this is the reason certain fish and invertebrate species look and act very differently
from similar members of the same species found in other parts of the South Pacific (Gulko
1998).
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Coral Reef Productivity

Coral reefs are among the most biologically productive environments in the world. The global
potential for coral reef fisheries has been estimated at nine million metric tons per year, which is
impressive given the small area of reefs compared with the extent of other marine ecosystems,
which collectively produce between 70 and 100 million metric tons per year (Munro 1984; Smith
1978). An apparent paradox of coral reefs, however, is their location in the low-nutrient areas of
the tropical oceans. Coral reefs themselves are characterized by the highest gross primary
production in the sea, with sand, rubble fields, reef flats, and margins adding to primary
production rates. The main primary producers on coral reefs are the benthic microalgae,
macroalgae, symbiotic microalgae of corals, and other symbiont-bearing invertebrates
(Levington 1995). Zooxanthellae living in the tissues of hard corals make a substantial
contribution to primary productivity in zones rich in corals due to their density—greater than 10°
cells cm™ of live coral surface—and the high rugosity of the surfaces on which they live, as well
as their own photosynthetic potential. However, zones of high coral cover make up only a small
part of entire coral reef ecosystems, so their contribution to total coral reef primary productivity
is small (WPRFMC 2001).

Although the ocean’s surface waters in the tropics generally have low productivity, these waters
are continually moving. Coral reefs, therefore, have access to open-water productivity and thus,
particularly in inshore continental waters, shallow benthic habitats such as reefs are not always
the dominant sources of nutrients for fisheries. In coastal waters, detrital matter from land,
plankton, and fringing marine plant communities are particularly abundant. There may be
passive advection of particulate and dissolved detrital carbon onto reefs, as well as active
transport onto reefs via fishes that shelter on reefs but that feed in adjacent habitats. There is,
therefore, greater potential for nourishment of inshore reefs than offshore reefs by external
sources, and this inshore nourishment is enhanced by large land masses (Birkeland 1997a).

For most of the Pacific Islands, rainfall typically ranges from 2 to 3.5 meters per year. Low
islands, such as atolls, tend to have less rainfall and may suffer prolonged droughts. Furthermore,
when rain does fall on coral islands that have no major catchment area, there is little nutrient
input into surrounding coastal waters and lagoons. Lagoons and embayments around high islands
in the South Pacific are, therefore likely, to be more productive than atoll lagoons. There are,
however, some exceptions such as Palmyra Atoll and Rose Atoll which receive up to 4.3 meters
of rain per year. The productivity of high-island coastal waters, particularly where there are
lagoons and sheltered waters, is possibly reflected in the greater abundance of small pelagic
fishes such as anchovies, sprats, sardines, scads, mackerels, and fusiliers. In addition, the range
of different environments that can be found in the immediate vicinity of the coasts of high
islands also contributes to the greater range of biodiversity found in such locations.

There are on average 17.8 typhoons (or hurricanes or major cyclones) each year in the Western
Pacific Monsoon Trough, which starts in southern Micronesia and hits places between the
Philippines to the south and Okinawa to the north'!. Guam is in the approximate centre of this
typhoon highway, and has been impacted every year on average by a major typhoon. These
generate heavy waves, such that the corals on these reefs are very rugged and compact, with few

Y http://www.aims.gov.au/pages/research/coral-bleaching/scr1998/scr-07b.html
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large colonies in shallow water. Many of the islands in the Federated States of Micronesia and
southern Japan are gradually subsiding, simulating sea level rise. This will compound the effects
of global climate change in these areas. Freshwater runoff with increased amounts of sediment
and nutrients has damaged the reefs around high islands, particularly in lagoons and shallow
bays. For example, Pohnpei in the Federated States of Micronesia, the large islands of Palau,
Guam, and southern Japan.

Coral Reef Communities

A major portion of the primary production of the coral reef ecosystem comes from complex
interkingdom relationships of animal/plant photosymbioses hosted by animals of many taxa,
most notably stony corals. Most of the geological structure of reefs and habitat are produced by
these complex symbiotic relationships. Complex symbiotic relationships for defense from
predation, removal of parasites, building of domiciles, and other functions are also prevalent.
About 32 of the 33 animal phyla are represented on coral reefs (only 17 are represented in
terrestrial environments), and this diversity produces complex patterns of competition. The
diversity also produces a disproportionate representation of predators, which have strong
influences on lower levels of the food web in the coral reef ecosystem (Birkeland 1997a).

In areas with high gross primary production—such as rain forests and coral reefs—animals and
plants tend to have a higher variety and concentration of natural chemicals as defenses against
herbivores, carnivores, competitors, and microbes. Because of this tendency, and the greater
number of phyla in the system, coral reefs are now a major focus for bioprospecting, especially
in the southwest tropical Pacific (Birkeland 1997a).

Typically, spawning of coral reef fish occurs in the vicinity of the reef and is characterized by
frequent repetition throughout a protracted time of the year, a diverse array of behavioral
patterns, and an extremely high fecundity. Coral reef species exhibit a wide range of strategies
related to larval dispersal and ultimately recruitment into the same or new areas. Some larvae are
dispersed as short-lived, yolk-dependent (lecithotrophic) organisms, but the majority of coral
reef invertebrate species disperse their larvae into the pelagic environment to feed on various
types of plankton (planktotrophic) (Levington 1995). For example, larvae of the coral
Pocillopora damicornis, which is widespread throughout the Pacific, has been found in the
plankton of the open ocean exhibiting a larval life span of more than 100 days (Levington 1995).
Because many coral reefs are space limited for settlement, planktotrophic larvae are a likely
strategy to increase survival in other areas (Levington 1995). Coral reef fish experience their
highest predation mortality in their first few days or weeks, thus rapid growth out of the juvenile
stage is a common strategy.

The condition of the overall populations of particular species is linked to the variability among
subpopulations: the ratio of sources and sinks, their degrees of recruitment connection, and the
proportion of the subpopulations with high variability in reproductive capacity. Recruitment to
populations of coral reef organisms depends largely on the pathways of larval dispersal and
“downstream” links.

Reproduction and Recruitment
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The majority of coral reef associated species are very fecund, but temporal variations in
recruitment success have been recorded for some species and locations. Many of the large,
commercially targeted coral reef species are long lived and reproduce for a number of years. This
is in contrast to the majority of commercially targeted species in the tropical pelagic ecosystem.
Long-lived species adapted to coral reef systems are often characterized by complex
reproductive patterns like sequential hermaphroditism, sexual maturity delayed by social
hierarchy, multispecies mass spawnings, and spawning aggregations in predictable locations
(Birkeland 1997a).

Growth and Mortality Rates

Recruitment of coral reef species is limited by high mortality of eggs and larvae, and also by
competition for space to settle out on coral reefs. Predation intensity is due to a disproportionate
number of predators, which limits juvenile survival (Birkeland 1997a). In response, some
fishes—such as scarids (parrotfish) and labrids (wrasses)—grow rapidly compared with other
coral reef fishes. But they still grow relatively slowly compared with pelagic species. In addition,
scarids and labrids may have complex haremic territorial social structures that contribute to the
overall effect of harvesting these resources. It appears that many tropical reef fishes grow rapidly
to near-adult size, and then often grow relatively little over a protracted adult life span; they are
thus relatively long lived. In some groups of fishes, such as damselfish, individuals of the species
are capable of rapid growth to adult size, but sexual maturity is still delayed by social pressure.
This complex relationship between size and maturity makes resource management more difficult
(Birkeland 1997a).

Community Variability

High temporal and spatial variability is characteristic of reef communities. At large spatial
Scales, variation in species assemblages may be due to major differences in habitat types or
biotopes. Seagrass beds, reef flats, lagoonal patch reefs, reef crests, and seaward reef slopes may
occur in relatively close proximity, but represent notably different habitats. For example, reef
fish communities from the geographically isolated Hawaiian Islands are characterized by low
species richness, high endemism, and exposure to large semiannual current gyres, which may
help retain planktonic larvae. The Northwestern Hawaiian Islands (NWHI) are further
characterized by (a) high-latitude coral atolls; (b) a mild temperate to subtropical climate, where
inshore water temperatures can drop below 18° C in late winter; (c) species that are common on
shallow reefs and attain large sizes, which to the southeast occur only rarely or in deep water;
and (d) inshore shallow reefs that are largely free of fishing pressure (Maragos and Gulko 2002).

A second example of variability in both coral reef ecosystems and in cultural harvest practices is
that of the palolo worms. Once or twice a year, palolo worms swarm to the surface of the sea in
great numbers. Samoans eagerly await this night and scoop up large amounts of this delicacy
along the shoreline with hand nets. This gift from the sea was traditionally greeted with
necklaces made from the fragrant moso’oi flower and the night of the palolo worms was and still
remains a happy time of celebration. The rich taste of palolo worm is enjoyed raw or fried with
butter, onions or eggs, or spread on toast.

56



Harvested palolo worms
Source: http://www.nps.gov/archive/npsa/5Atlas/parti.htm#top

When it comes time to spawn, palolo worms will back out of their burrows and release the
epitoke section from their body. The epitokes then twirl around in the water in vast numbers and
look like dancing spaghetti. Around daybreak, the segments dissolve and release the eggs and
sperm that they contain. The fertilized eggs hatch into small larvae that drift with the plankton
until settling on a coral reef to begin life anew.

The swarming of palolo worms is a classic example of the coordinated mass spawning of a
simple marine organism. The worms emerge from their burrows during a specific phase of the
moon, but the actual date is a bit complicated. The swarms occur on the evenings of the last
quarter moon of spring or early summer. In American Samoa, this is seven days after the full
moon in October or November. Swarming occurs for two or three consecutive nights with the
second night usually having the strongest showing.

Palolo worms usually appear in American Samoa waters in October, but sometimes in November
or sometimes during both months. This difference is due to the fact that there are approximately
thirteen lunar months in one calendar year and the palolo worms primarily rely on the moon to
time their spawning activity. If instead they always spawned every twelve lunar months, their
time of spawning would occur earlier every year. After a few years, they would be spawning in
August or July. In order to make up for this difference, the palolo worms will delay spawning in
some years to the thirteen lunar month.

The fact that palolo worms adjust their spawning time means that there are other factors beside
the moon that determine the time of year they begin to mature and are ready to release their
epitokes. Several studies on this matter have suggested that rising seawater temperatures, tides,
weather, moonlight or other biological signals may play a role in starting the maturation and
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release of the epitokes. Once the swarming begins, the presence of the palolo spawn in the water
probably stimulates other palolo worms to release their mature epitokes.

3.3.2.5 Deep Reef Slopes

As most Pacific islands are oceanic islands versus continental islands, they generally lack an
extensive shelf area of relatively shallow water extending beyond the shoreline. For example, the
average global continental shelf extends 40 miles, with a depth of around 200 feet (Postma and
Zijlstra 1988). While lacking a shelf, many oceanic islands have a deep reef slope, which is often
angled between 45° and 90° toward the ocean floor. The deep reef slope is home to a wide
variety of marine of organisms that are important fisheries target species such as snappers and
groupers. Biological zonation does occur on the reef slope, and is related to the limit of light
penetration beyond 100 meters. For example, reef-building corals can be observed at depths less
than 100 meters, but at greater depths gorgonian and black corals are more readily observed
(Colin et al. 1986).

3.3.2.6 Banks and Seamounts

Banks are generally volcanic structures of various sizes and occur both on the continental shelf
and in oceanic waters. Coralline structures tend to be associated with shallower parts of the
banks as reef-building corals are generally restricted to a maximum depth of 30 meters. Deeper
parts of banks may be composed of rock, coral rubble, sand, or shell deposits. Banks thus support
a variety of habitats that in turn support a variety of fish species (Levington 1995).

Fish distribution on banks is affected by substrate types and composition. Those suitable for
lutjanids, serranids, and lethrinids tend to be patchy, leading to isolated groups of fish with little
lateral exchange or adult migration except when patches are close together. These types of
assemblages may be regarded as consisting of metapopulations that are associated with specific
features or habitats and are interconnected through larval dispersal. From a genetic perspective,
individual patch assemblages may be considered as the same population; however, not enough is
known about exchange rates to distinguish discrete populations.

Seamounts are undersea mountains, mostly of volcanic origin, which rise steeply from the sea
bottom to below sea level (Rogers 1994). On seamounts and surrounding banks, species
composition is closely related to depth. Deep-slope fisheries typically occur in the 100-500
meter depth range. A rapid decrease in species richness typically occurs between 200 and 400
meters deep, and most fishes observed there are associated with hard substrates, holes, ledges, or
caves (Chave and Mundy 1994). Territoriality is considered to be less important for deep-water
species of serranids, and lutjanids tend to form loose aggregations. Adult deep-water species are
believed to not normally migrate between isolated seamounts.

Seamounts have complex effects on ocean circulation. One effect, known as the Taylor
column, relates to eddies trapped over seamounts to form quasi-closed circulations. It is
hypothesized that this helps retain pelagic larvae around seamounts and maintain the
local fish population. Although evidence for retention of larvae over seamounts is sparse
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(Boehlert and Mundy 1993), endemism has been reported for a number of fish and invertebrate
species at seamounts (Rogers 1994). Wilson and Kaufman (1987) concluded that seamount
species are dominated by those on nearby shelf areas, and that seamounts act as stepping stones
for transoceanic dispersal. Snappers and groupers both produce pelagic eggs and larvae, which
tend to be most abundant over deep reef slope waters, while larvae of Etelis snappers are
generally found in oceanic waters. It appears that populations of snappers and groupers on
seamounts rely on inputs of larvae from external sources.

3.3.2.7 Deep Ocean Floor

At the end of reef slopes lies the dark and cold world of the deep ocean floor. Composed of
mostly mud and sand, the deep ocean floor is home to deposit feeders and suspension feeders, as
well as fish and marine mammals. Compared with shallower benthic areas (e.g., coral reefs),
benthic deep-slope areas are lower in productivity and b