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Executive Summary

With the passage of the Commerce, Justice, and State Appropriations Act of 2001,
Congress mandated that each state and territory develop its own comprehensive strategy.
The strategy is required to have eight elements including a description of the status of
species determined to be a species of greatest conservation need, important habitats and
their condition, conservation actions, monitoring of these species, and gauging
conservation success. Important in the development is a “good faith effort” to include
the public in the development.

Guam, a US territory, is the southernmost island in the Mariana Archipelago and the
largest island in Micronesia, with a landmass of 560 km?, and a population of 154,000
people. This high island contains a northern portion of the island is a limestone plateau,
rising nearly 200 meters above sea level in some places. The southern half of the island
is old weathered volcanic material with a cap of limestone most prominent on the Mt.
Lamlam-Alifan ridge. The highest point of the island is Mt. Lamlam, in the south, an
elevation of 406 meters. Guam’s tropical climate averages daily temperatures ranging
from 24-30°C (75-86°F) and average annual rainfall is about 218 cm (86 in). The island
has a wet and a dry season. The wet season runs from June to November and the dry
season from January to April, with December and May being transitional months.

Prior to writing Guam’s Comprehensive Wildlife Conservation Strategy various agencies,
groups, non-profit organizations, and the public in general were solicited for input
(Element 7 and 8). Several public meetings were conducted to provide a venue to
encourage pubic input in to the document, allowing individuals to voice concerns or ideas
of what should be incorporated into the plan. = The public meetings were sparsely
attended but efforts to educate the public of the plan will continue. The plan is available
on the Division of Aquatic and Wildlife Resources website (www.guamdawr.org).

Guam’s Comprehensive Wildlife Conservation Strategies (GCWCS) identified 65 species
including 31 terrestrial (mammals-2, birds-13, lizards-5, snails-3, insects-2 and plants-6),
7 freshwater (fish-4, eel-1, plants-2), and 27 marine organisms (marine mammals-14,
fish-2, clams-4, gastropod-1, spiny lobster-1, sea turtle-2, marine plants-3). A
conservation table is devoted to each of the summarizing their status, goals, objectives,
and action plans (Elements 1, 3, and 4). Besides identifying actions necessary for each
species, other conservation actions that affect general groups of species were identified
and included the development of memoranda of understanding, rehabilitation of habitats,
public education, and law enforcement.

In addition, groups of native organisms were included in this category as needing
attention to differentiate between those meeting species of greatest conservation need
status and those that don’t. Further investigations of these groups should elucidate the
proper designations the species within each group should have.

The recovery of native species cannot be achieved without the maintenance and recovery
of their habitat. Guam’s CWCS presents 23 maps showing the location and relative
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conditions of habitats and conservation areas important to the conservation and recovery
of Guam’s species of greatest conservation need (Element 2). Freshwater habitats
including marshes, rivers and man-made reservoirs all support freshwater plants and
animals, including the Mariana common moorhen. The areas under local control,
including the Anao, Cotal, and Balonos conservation areas, as well as conservation areas
under federal control can serve as areas for recovering terrestrial species. There are five
marine preserves that provide refugia for many marine species. These areas vary in their
condition as suitable habitat for recovery for terrestrial species. Areas in the southern
part of Guam tended to have habitat in dire need of programs to replace dominate
grasslands (Miscanthus floridulus) with suitable native forest habitat. The northern areas
have more intact forest but need other management actions such as ungulate control and
out planting of certain plant species to enhance the quality of the habitat.

The introduction of predators and other invasives have played a key part in the decline
and extirpation of many of Guam’s native species. The brown treesnake (Boiga
irregularis) and predatory flatworm must be controlled and be part of implementation of
the habitat recovery. While in situ programs are occurring, captive breeding programs
must be implemented to build a stock of captive native forest birds, lizards, and snails.
This program would build a population of organisms for release in conservation areas
ready to receive them, i.e., appropriate measures that were limiting in the first place have
been remedied. In other cases, such as the island swiftlet and Mariana common moorhen,
where populations continue to persist in the wild on Guam, brown treesnake control
programs will protect the resource. Guam'’s rivers and streams and organisms within are
vulnerable to introductions of exotics species that could easily threatened native aquatic
species.  Introduction of exotics, man-made dams, and erosion threaten this highly
fragile environment and its native organisms.

Monitoring the progress of conservation actions is an important component (Element 5).
Guam’s CWCS suggests utilizing existing survey programs to develop the information
base for monitoring the status of the species; such as in bird surveys, sampling plots, reef
surveys, and aerial surveys. Freshwater and marine habitats are vulnerable to land-based
activities and programs to monitor these activities and their impacts to the aquatic
environments must be implemented. =~ The plan identifies local action strategies that
address human activities that impact freshwater and marine ecosystems. Information
gathered by this effort will be used to address changes in the status of species, and will be
incorporated in the review five and ten year review (Element 6).

Guam’s CWCS incorporates a wholistic approach by including public education and law
enforcement as vital components of the plan. While implementing actions to improve the
status of species of greatest conservation, it is key to involve the public in the stewardship
of the resources. In addition, enforcement of terrestrial and marine natural resource
laws are important.
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Road Map to the Eight Required Elements

This section is provided to assist the NAAT evaluate this document for the purpose of
determining if and/or how well Guam’s Comprehensive Wildlife Conservation Strategy
(GCWCS) meets the eight required elements.

Please refer to the following page numbers in order to examine how each of the elements
was addressed in the development of Guam’s CWCS.

Element 1. Information on the distribution and abundance of species of wildlife,
including low and declining populations as the State fish and wildlife agency deems
appropriate, that are indicative of the diversity and health of the State’s wildlife.

NAAT Guidance Chapter | Page | Table Page | Appendix | Page
# Figure | # #

A.  The Strategy indicates sources of | 1 20-21 2 217

information (e.g., literature, data bases,

agencies, individuals) on wildlife abundance | 3 68- 5 224

and distribution consulted during the 172

planning process.

B. The strategy includes information about | 3 68-
both abundance and distribution for species 172
in all major groups to the extent that data are
available. There are plans for acquiring
information about species for which
adequate abundance and/or distribution
information is unavailable.

C. The Strategy identifies low and declining | 3 68-
populations to the extent data are available. 172
D. AIll major groups of wildlife have been | 3 68-85

considered or an explanation is provided as
to why they were not. The State may
indicate whether these groups are to be
included in a future Strategy revision.

E. The Strategy describes the process used | 3 68-69 4 220
to select the species in greatest need of
conservation. The quantity of information in
the Strategy is determined by the State with
input from its partners, based on what is
available to the State.

Element 2. Descriptions of locations and relative condition of key habitats and
community types essential to conservation of species identified in (1).

NAAT Guidance Chapter | Page | Table Page | Appendix | Page
# Figure | # #
A. The Strategy provides a reasonable | 2 27-43

explanation for the level of detail provided;
if insufficient, the Strategy identifies the | 3 86-




GCWCS Page 7
types of future action that will be taken to 172

obtain the information.

B. Key habitats and their relative conditions | 2 27-43 | 2 31 3 218
are described in enough detail such that the 6 35

State can determine where (i.e., in which 7 38

regions, watersheds, or landscapes within the
State) and what conservation actions need to
take place.

Element 3. Descriptions of problems which may adversely affect species identified in (1)
or their habitats, and priority research and survey efforts needed to identify factors which
may assist in restoration and improve conservation of these species and habitats.

NAAT Guidance Chapter | Page | Table Page | Appendix | Page
# Figure | # #

A.  The Strategy indicates sources of |3 86-

information used to determine the problems 172

or threats.

B. The threats/problems are described in | 3 86-

sufficient detail to develop focused 172

conservation actions.

C. The Strategy considers threats/problems, | 3 86-

regardless of their origins (local, State, 172

national and international), where relevant to

the State’s species and habitats.

D. If available information is insufficient to | 3 86-

describe threats/problems, research and 172

survey efforts are identified to obtain needed

information.

E. The priority research and survey needs, | 3 86-

and resulting products, are described 172

sufficiently to allow for the development of

research and survey projects after the |5 185-

Strategy is approved. 196

Element 4. Descriptions of conservation actions determined to be necessary to conserve
the identified species and habitats and priorities for implementing such actions.

NAAT Guidance Chapter | Page | Table Page | Appendix | Page
# Figure | # #

A. The Strategy identifies how conservation | 4 176-

actions address identified threats to species 181

of greatest conservation need and their

habitats.

B. The Strategy describes conservation | 4 176- 24 183

actions sufficiently to guide implementation 181

of those actions through the development and
execution of specific projects and programs.
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C. The Strategy links conservation actions | 4 176-
to objectives and indicators that will 182
facilitate monitoring and performance

measurement of those conservation actions

(outlined in Element 5).

D. The Strategy describes conservation | 4 176-
actions that could be addressed by Federal 182
agencies or regional, national or international

partners and shared with other States.

E. If available information is insufficient to | 4 176-
describe needed conservation actions, the 182
Strategy identifies research or survey needs

for obtaining information to develop specific

conservation actions.

F. The Strategy identifies the relative | 4 176-
priority of conservation actions. 182

Element 5. Proposed plans for monitoring species identified in (1) and their habitats, for
monitoring the effectiveness of the conservation actions proposed in (4), and for adapting
these conservation actions to respond appropriately to new information or changing

conditions.

NAAT Guidance Chapter | Page | Table Page | Appendix | Page
# Figure | # #

A. The Strategy describes plans for | 5 185-

monitoring species identified in (1) and their 196

habitats.

B. The Strategy describes how the outcomes | 5 185-

of the conservation actions will be 196

monitored.

C. If monitoring is not identified for a | 3 68

species or species group, the Strategy

explains why it is not appropriate, necessary

or possible.

D. Monitoring is to be accomplished at one | 5 185-

of several levels including individual species, 196

guilds, or natural communities.

E. The monitoring utilizes or builds on | 5 185-

existing monitoring and survey systems or 196

explains how information will be obtained to

determine the effectiveness of conservation

actions.

F. The monitoring considers the appropriate | 5 185-

geographic scale to evaluate the status of 196

species or species groups and the

effectiveness of conservation efforts.

G. The Strategy is adaptive in that it allows | 5 196

for evaluating conservation actions and
implementing new actions accordingly.
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Element 6. Descriptions of procedures to review the Comprehensive Wildlife Strategy at
intervals not to exceed 10 years.

NAAT Guidance Chapter | Page | Table Page | Appendix | Page
# Figure | # #
A. The State describes the process that will | 6 198

be used to review the Strategy within the
next ten years.

Element 7. Plans for coordinating, to the extent feasible, the development,
implementation, review, and revision of the Comprehensive Strategy with Federal, State,
and local agencies and Indian tribes that manage significant land and water areas within
the state or administer programs that significantly affect the conservation of identified
species and habitats.

NAAT Guidance Chapter | Page | Table Page | Appendix | Page
# Figure | # #
A. The State describes the extent of its | 7 200

coordination with and efforts to involve
Federal, State and local agencies, Indian
tribes in the development of its Strategy.

B. The State describes its continued | 6 198 7 241
coordination with these agencies and tribes
in the implementation, review and revision | 7 200

of its Strategy.

Element 8. Provisions to ensure public participation in the development, revisions, and
implementation of projects and programs. Congress has affirmed that broad public
participation is an essential element of this process.

NAAT Guidance Chapter | Page | Table Page | Appendix | Page
# Figure | # #

A. The State describes the extent of its | 8 202- 8 248

efforts to involve the public in the 203

development of its Strategy.

B. The States describes its continued public | 8 202-

involvement in the implementation and 203

revision of its Strategy.
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Mission Statement

The mission of the Guam Department of Agriculture’s Division of Aquatic and Wildlife
Resources is to effectively manage, preserve, protect, and restore Guam’s natural

resources now and for the future.
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Preamble

The island of Guam is home to a variety of native terrestrial and aquatic species.
Unfortunately, the island has also experienced a high rate of extinctions and many
terrestrial species are endangered, due primarily to the introduction of non-native species,
such as the brown treesnake.

The primary goal of the Guam Comprehensive Wildlife Conservation Strategy (GCWCS)
is to provide for the effective management, preservation, protection, and restoration of
the island’s natural resources especially those species of greatest conservation need, now
and for the future. The Guam Department of Agriculture’s Division of Aquatic and
Wildlife Resources (GDAWR) is the lead agency in the management of Guam’s natural
resources. This includes all management activities associated with aquatic and terrestrial
fauna. Guam DAWR also manages the island’s hunting and fishing programs, conducts
all associated monitoring and assessment, and coordinates successful captive rearing and
propagation programs for the recovery of endangered species.

The GCWCS will address the three required provisions set forth in the Commerce,
Justice, and State Appropriations Act of 2001, including the development of:

1. Projects or supplementation of projects devoted to Guam’s wildlife species with
the greatest conservation need,

2. Wildlife-associated recreation projects, and,

3. Wildlife conservation education projects.

For purposes of this document, ‘wildlife’ means any species of wild, free-ranging fauna,
including fish, and native fauna in captive breeding programs that are for reintroduction
into previously occupied areas, or, in designated experimental sites. To effectively meet
this goal, GDAWR will partner with other local and federal agencies, non-governmental
organizations, the private sector, and the community.

This strategy will be comprehensive and take into consideration all aspects of
conservation. Congress has directed that strategies focus on species of greatest
conservation need, and encompass all wildlife and wildlife issues. The eight
requirements set forth by Congress that must be incorporated into the strategy include the
following (See Appendix 1):

1. Information on the distribution and abundance of species of wildlife to
determine which species are in peril.

2. Locations and condition of habitats essential to the conservation of species
identified by GDAWR.

3. Problems that may adversely affect the species listed by GDAWR and identify
potential solutions to improve the conservation of these species and habitats.

4. Prioritize conservation actions to conserve the described species and habitats.

5. Proposed plans to monitor the species and habitats listed to ensure the
effectiveness of conservation actions. Guam DAWR must also ensure
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conservation actions can be adapted to new information or changing

conditions should the need arise.

Procedures to review the strategy at intervals not to exceed ten years.

7. Plans to coordinate the development, implementation, review, and revision of
the strategy with Federal, State, and local agencies.

8. Collaboration with other conservation partners in formulating the plan,
through public participation.

=

The strategy should be a document that will guide conservation activities as they relate to
species of greatest conservation need.
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CHAPTER 1: Introduction
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Guam, a US territory located at 13°28' N, 144°45' E, is the southernmost island in the
Mariana Archipelago and the largest island in Micronesia, with a landmass of 560 km?.
The northern portion of the island is a limestone plateau, rising nearly 200 meters above
sea level in some places, which overlies rock of volcanic origin (Lander 1997). The
southern half of the island is old weathered volcanic material with a cap of limestone
most prominent on the Mt. Lamlam-Alifan ridge (Fosberg 1960). The highest point of
the island is Mt. Lamlam, in the south, an elevation of 406 meters. The grasslands and
ravine forests characterizes the vegetation in the south (Fosberg 1960). Wetlands are also
an important habitat type occurring in the south.

Guam has a tropical climate, with average daily temperatures ranging from 24-30°C (75-
86°F). The average annual rainfall is 218 cm (86 in) (National Weather Service,
http://www.prh.noaa.gov/guam/normal.html, Accessed 1/24/05). The island has a wet
and a dry season. The wet season runs from June to November and the dry season from
January to April, with December and May being transitional months. During the wet
season, humidity is high and weak southerly or southeasterly winds occur. In contrast,
during the dry season, humidity is relatively low and the island experiences northeasterly
trade winds (Engbring and Ramsey 1984). Humidity ranges from 65-90%. Typhoons
can occur anytime of the year, but are more common during the wet season (NOAA
1982).

Under natural conditions, Guam hosted a rich diversity of terrestrial and aquatic species.
Over 100 species of birds have been documented on the island including migrant,
wetland, seabird, grassland, and forest birds (Reichel and Glass 1991, Engbring and Fritts
1988). Three native mammals were also known to Guam, including the Marianas fruit
bat (Pteropus mariannus mariannus), little Marianas fruit bat (Pteropus tokudae) and
Pacific sheath-tailed bat (Emballonura semicaudata rotensis), although the Marianas fruit
bat is the only extant species. There are six native reptiles, five skink species, and one
gecko species that are still found in the wild. Several native tree snail species still exist in
low numbers on Guam. Two species of snails, Samoana fragilis and Partula radiolata,
have been on the candidate list of the Endangered Species Act (ESA; 1973) for more than
10 years and currently do not receive federal protection. Guam has more than 320 native
plant species of which six deserve greater attention, but unfortunately only one,
Serianthes nelsonii, is eligible for funding under the ESA. In addition, Guam’s marine
environment includes more than 5000 known species (Paulay 2003).

Over the last 50 years Guam has experienced tremendous domestic growth and suffered
significant environmental degradation island-wide. Guam’s native flora and fauna have
been impacted by various threats, such as the introduction of invasive species, poor land
management practices, and overexploitation. = These anthropogenic threats are
exacerbated by the frequency with which the island is impacted by typhoons. In the last
decade, Guam has been hit directly by four storms with sustained winds greater than 150
miles per hour and suffered high wave and winds from large systems passing near Guam
(Guard et al. 2003). The various resource agencies of the Government of Guam continue
to address these issues, knowing that economic prosperity and preservation of the
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Chamorro culture are dependent on the successful recovery and sustainable use of the
island’s natural resources.

The island possesses a variety of terrestrial habitats, including limestone and ravine
forests, savanna complex, and strand vegetation. One hundred named rivers are found in
the southern part of the island, along with 2 man-made reservoirs (Best and Davidson
1981). Marine habitats include fringing, patch, submerged and barrier reefs, offshore
banks, seagrass beds, and mangroves. The combined area of coral reef and lagoon is
approximately 69 km’ in nearshore waters between 0-3 nmi, and an additional 110 km* in
waters greater than 3 nmi offshore (Hunter 1995). Sea surface temperatures range from
about 27-30°C, with higher temperatures measured on the reef flats and in portions of the
lagoons (Paulay 2003a).

Given its small size, the entire island of Guam has been designated, both locally and
federally, as coastal zone. This gives resource managers the authority to incorporate all
aspects of the watershed in terms of planning, funding, and implementing management
actions. Guam is divided into 19 watersheds in the southern half of the island. These
areas are defined by hydrologic unit boundaries based on a 14-digit sub-watershed level
(typically 10,000 to 40,000 acres, with a minimum of 3,000 acres) developed by Natural
Resources Conservation Service (NRCS) in coordination with the United States
Geological Survey (USGS) system developed for larger drainage areas (Guam Clean
Water Action Plan 1998). The Northern Guam sub-watershed was defined in the Guam
Clean Water Action Plan (1998) as an area that has no clearly defined drainage ways,
composed of a shallow soil layer over permeable limestone, with little or no runoff. This
sub-watershed has been further delineated into sub-basins as more complete data on the
flow of water through the northern aquifer become available.

In southern Guam, a mountain ridge running along the western coast creates small, steep
watersheds to the west and broader floodplains draining into longer, larger rivers to the
east. Of Guam’s 100 named rivers and streams are located in the southern half of the
island (Best and Davidson 1981), forty-six drain into the ocean. The largest of these, the
Talofofo, drains an area of approximately 72.84 km* (~18,000 acres) (Best and Davidson
1981).

There are several man-made reservoirs almost all built after World War II. No naturally
occurring lakes can be found on Guam. Many of these reservoirs are no longer used for
their original purpose. Fena Lake is the largest and most valuable reservoir for its supply
of fresh water and the surround habitats.
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Goal

The goal of the Guam Comprehensive Wildlife Conservation Strategy is to promote the
recovery and sustainable use of Guam’s native aquatic and terrestrial species, especially

those of greatest conservation need.
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Authority

The Department of Agriculture, to be called the Department from here on, is responsible
for the control and regulation of fish and game in and about Guam and the administration
of laws pertaining to them (5 Guam Code Annotated (GCA), Chapter 63, §63102, see
Table 1). GCA defined fish and game as “any aquatic animal life” and “all native or
introduced species of wild birds or wild animals.” The Department is also given
regulatory power over endangered species (Title 5 GCA, Chapter 63, §63205). It has the
authority to promulgate a list of endangered species to be adopted through the
Administration Adjudication Act and approved by the Guam Legislature. Title 5 GCA,
§63205 also authorizes the Department to enter into agreements with federal, or public
agencies, or any person for the purpose of administration, research or management of
these resources. The Department, in cooperation with the Department of Parks and
Recreation (DPR) and other agencies of the Government of Guam, also has the authority
to control and manage conservation reserves on Guam (Title 5 GCA, Chapter 63,
§63401).

Pursuant to Section 6 of the Endangered Species Act, a cooperative agreement exists
between the Department and the USFWS. This agreement obligates the Department to
protect US listed species (see Appendix 2). It also provides for funding and
implementation of programs for endangered species research and recovery activities.
The Department is also required to enforce other Federal laws such as the Migratory Bird
Treaty Act of 1918, Marine Mammal Protection Act of 1972 and Lacey Act of 1981 (as
amended).

Other Government of Guam resource agencies have mandates related to management of
natural resources (that affect the species of greatest conservation need). Public Law (PL)
11-191 established the Guam Environmental Protection Agency (GEPA) on March 3,
1973. GEPA’s mission is “to provide a united, integrated, and comprehensive island-
wide program of environmental protection and to provide a framework to fulfill that task”
(Title 10 GCA, Chapter 45, §45102). The Government of Guam’s Bureau of Statistics
and Plans (BSP) administer the Guam Coastal Management Plan (GCMP) through the
Coastal Zone Management Act of 1972 (PL 92-583, as amended; PL 94-370). The
GCMP guides the use, protection, and development of land and ocean resources within
Guam’s coastal zone. The “coastal zone” can be defined as all non-federal property
within the Territory, including offshore islands and all submerged lands and waters out to
three nautical miles.
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Table 1. Authoritiesrelated to Natural Resource Managenent on Guam.
No. Authority or Law Summary
1. Endangered Species Act of 1973 (16 Affords protection of Federally listed
U.S.C. 1531-1544, 87 Stat. 884) species.
2. Migratory Bird Treated Act of 1918 | Affords protection specifically listed
(16 U.S.C.) migrant species.
3. Sikes Act of 1960 (16 U.S.C. 670a— | Promotes effectual planning,
6700 as amended through P.L. 106- | development, maintenance, and
580, Dec. 29, 2000) coordination of wildlife, fish, and game
conservation and rehabilitation in
military reservations.
4. USFWS Cooperative Agreement An agreement that allows Guam to
implement endangered species recovery
programs.
5. Guam Endangered Species Act, 5 Law allows for the adjudication of an
GCA 63208, PL — 15-36 endangered species list for Guam.

6. Game, Forestry and Conservation, | Law describing the authority of the
5 GCA, Chapter 63, PL 6-85 Department of Agriculture

1. Protection of Wild Animals, 5 GCA | List species that are considered protected.
63121

8. Fish, Game, Forestry and Laws protecting Guam’s fish resources.
Conservation, 5 GCA, 63101-
63117

9. Concurrent Jurisdiction Organic Act of Guam

10. Lacey Act (P.L. 97-79, 95 Stat. Under this law, it is unlawful to import,
1073, 16 U.S.C. 3371-3378, export, sell, acquire, or purchase fish,
approved November 16, 1981, and | wildlife or plants taken, possessed,
as amended by P.L. 100-653, 102 transported, or sold: 1) in violation of US
Stat. 3825, approved November 14, | or Indian law, or 2) in interstate or
1988, and P.L. 98-327, 98 Stat. foreign commerce involving any fish,
271, approved June 25, 1984) wildlife, or plants taken possessed or sold

in violation of State or foreign law.

1. Marine Mammal Protection Act of | Law established to protect marine

1972 as amended through P.L. 107- | mammals US waters and by US citizens

136, Jan. 24, 2002 on the high seas and the importation of
marine mammals and marine mammal
products into the US

12. Convention of International Trade | Convention on International Trade in

of Endangered Species (CITES) Endangered Species. This is an

(entered in force 1975) international agreement between
Governments that ensures international
trade in specimens of wild animals and
plants does not threaten their survival.
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Funding Sour ces

The strength of this GCWCS will be the Department’s ability to secure funding to carry
out its plans. Funding sources include the Sport Fish and Wildlife Restoration Act, US
ESA Section 6, Coral Reef Initiative, Western Pacific Fisheries Council (WesPacFIN),
Coastal Zone Management (CZM), Clean Water Act Section 319, and National Marine
Fisheries Service (NMFS) Sea Turtle Recovery. The Department also receives Office of
Insular Affairs (OIA) funding for brown treesnake control. Local funding sources
include a general fund appropriation for the Department’s Law Enforcement section and
the Wildlife Conservation Fund that receives monies from hunting license and permit
fees, private/Non-Government Organization (NGO) donations, and penalties for natural
resource violations. Additional funding may be obtained from funding sources such as
Safe Harbor Agreements, Department of Defense Legacy Funding, the South Pacific
Regional Environmental Programme (SPREP), Government of Guam Local
Appropriations, in-kind donations from Walt Disney World, and Land Acquisition Grants
(Federal).

Guam has received single appropriations from the US Congress through State Wildlife
Grant Programs (SWGP) and the Wildlife Conservation Restoration Program.
Acceptance of the SWGP funding was contingent on the development of a GCWCS.
Development of this document will qualify the Department for continued funding under
SWGP.
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CHAPTER 2: Key Habitats, Conservation Lands,
and M arine Preserves (Element 2)
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Chapter two outlines key habitat types for both terrestrial and aquatic organisms listed in
Guam’s Species of Greatest Conservation Need (SOGCN). A map of all vegetation,
water, and urban areas for Guam was produced by US Department of Agriculture Forest
Service Region 5 (2005) and was used to determine habitat types within conservation
areas and other government lands. A summary of Guam’s 24 habitat types based on the
Forest Service Region 5 map has been consolidated into five vegetation classifications in
Figure 1 (eg., forest include all woody vegetation). This GIS map helped GDAWR fulfill
element two that required descriptions and relative conditions and community types be
identified.

Key Habitats

Terrestrial Habitats

Prior to their demise, many of Guam’s terrestrial native species were found throughout
the island and in a variety of habitats (Jenkins 1983). Though much habitat remains
available, the introduction of the brown treesnake has resulted in the loss of many of
Guam’s native species of birds and lizards, and is probably preventing the recovery of the
Mariana fruit bat (Savidge 1987, Rodda et al. 1997, Wiles 1987a).

There are eight general terrestrial habitat types found on Guam as described by Fosberg
(1960), Stone (1970), and Engbring and Ramsey (1984) (see Appendix 3). Donnegan et
al. (2002) provided additional habitat descriptions in the Forest Inventory and Analysis
(FIA) that was used to “estimate forest area, tree stem volume and biomass, tree
damages, and associated understory vegetation.” The vegetation maps used in GCWCS
are derived from the June 2005 release of the Guam Detailed Vegetation Map created by
the US Department of Agriculture (USDA) Forest Service Region 5 State and Private
Forestry; Forest Health Protection. The maps were created using geographic modeling
techniques that utilized IKONOS satellite imagery and ancillary data such as
demographic and soil layers. The analysis was limited to a 1-acre minimum mapping
unit; therefore parcels of habitat smaller than 1 acre are not adequately depicted in these
maps (Figures 2-13).

Limestone forests, scrub (secondary forest), mixed woodland, ravine forests, strand, and
beach strand are important for all of Guam’s native avian, invertebrate, reptilian, and
mammalian species. Grassland, coconut grove, and open field provide habitat to native
species, though to a lesser degree. The following describe the key habitat types, location,
and current status important to the management and conservation of Guam’s species of
greatest conservation need (Element 1). A summary of the status of these habitats is
provided in Table 2.

Limestone forest. Limestone forest is composed principally of a mature growth of native
trees and plants, with a moderately dense canopy of 10-30 m high. There are no or only
a few openings in the canopy, and understory vegetation varies from open to dense.
Species of trees including Ficus sp., Intsia bijuga, Artocarpus marianensis and
Elaeocarpus joga are commonly found in this forest type. There are several distinct
limestone forest types including Artocarpus-Ficus, Mammea, Cordia, Merrilliodendron-
Ficus, and Pandanus (Donnegan et al. 2002).
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Limestone forests are found on the northern limestone plateau and on large limestone
outcroppings in southern Guam (Figure 6A). Donnegan et al. (2002) reported limestone
and scrub forests comprise 34% of total forested areas on Guam. However, recent
vegetation mapping indicated that only 13.06% was actually composed of limestone
forests (Brown 2005). The structure of limestone forests is slowly changing due to the
presence of Philippine deer (Cervus mariannus) and feral pigs (Sus scrofra) as they
browse on seeds and seedlings retarding any regeneration of forest plants (Wiles et al.
1999). Typhoons, loss of pollinators, loss of habitat due to development, and
introduction of aggressive invasive plant species exacerbate this condition. The current
status for limestone forests is slowly declining. Without intervention and restoration this
habitat type will be altered so severely that it will not sustain reintroduction of SOGCN.
This habitat is vital for almost all of Guam’s native forest birds, snails, insects, lizards,
and two fruit bat species.

Scrub forest or Secondary growth forest. Scrub forest is a degraded, yet diverse, brush-
type forest, generally with an open canopy under 10 m high and a dense understory
(Jenkins 1983, Engbring and Ramsey 1984). The distribution of scrub forests on Guam is
illustrated in Figure 10B. The plant species are similar to those in more mature limestone
forests, but are at an earlier stage of development. In northern Guam, this habitat is
dominated by Vitex parviflora, an introduced species from the Philippines. Other
introduced species that may be found include Leucaena, Casuarina, Morinda, and
Triphasia. However, within this forested area native plants can be found as understory
cover including Pipturus, Macaranga, Neisosperma, Pandanus, Cyanometra, and other
species.

Much of the Tarague Plateau and Northwest Field region in northern Guam is scrub
forest. Donnegan et al. (2002) lumped scrub forest with limestone forest and reported
34% of Guam’s available habitat. Brown (2005) reported 22.62% of this habitat on
Guam. Pure examples of these forest types tend to be rare and mixtures of primary and
secondary species. Historically, these areas (Tarague and Northwest Field) were cleared
for military purposes and repeated destructions by typhoons have played a major role in
creating these forests.

The same factors impacting limestone forests are changing the structure of scrub forest
(feral deer and pigs, invasive plant species, and typhoons). In the absence of deer, pigs,
and invasive plants, scrub forest would regenerate into primary limestone forest habitat.
Intervention is needed to ensure the continued existence of this habitat type.

Open field or Large mowed area. Open field composes about 1.36% of the available
habitat on Guam, and includes agriculture fields (ranches and cattle pasture) and other
open areas including runways, communication stations, and parks (Engbring and Ramsey
1984). These habitats contain a variety of grass species including Paspalum, Panicum,
Chrysopogon, and Sorghum. A typical scrub forest surrounds this habitat type in most
places within the central portion of Northern Guam (Fosberg 1960). Open field habitats
are the result of human disturbance. Open fields that are mowed and maintained provide
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important habitat for migratory birds including plovers, sandpipers, and others.
Unfortunately, these habitats provide the ideal habitat for invasive weeds to take hold.

Coconut grove. Coconut grove consists of stands of abandoned coconut plantations
(Engbring and Ramsey 1984). A typical forest, consist of trees emerging 15-25 m high
with the understory containing a variety of native and non-native shrubs and young
coconut palms. Coconut grove (Cocos nucifera) is more common along sandy coastal
areas such as Tarague, Tanguissan, Ritidian, Uruno and Pajon Basins. Small patches of
Cocos are found throughout the northern plateau, most cover less than 5 ha of area.
These groves may be diverse with some native and introduced plant species below the
canopy (Engbring and Ramsey 1984). Coconut groves make up about 0.76% of the
available habitat on Guam (Brown 2005). Coconut palms are susceptible to termites and
typhoons. In these habitats, the understory shows a tremendous amount of uprooting by
feral pigs. A few native species of birds previously use this habitat including Guam
Micronesian kingfishers, rails, and fantails.

Broken forest or Mixed woodland. Mixed woodland is habitat similar to the limestone
and ravine forest but dissected by many small, open or scrubby fields (Engbring and
Ramsey 1984). Broken forest contains both native and naturalized vegetation having
much lower more open canopy unlike mature limestone forest containing Neisosperma,
Artocarpus, Pandanus, and Cocos (Jenkins 1983). Like open fields, broken forest is a
result to human disturbance occuring in northern and central Guam (Jenkins 1983,
Enbring and Ramsey 1984). Though Donnegan et al. (2002) lumped broken forest with
all forested lands reporting about 34%, an estimated 0.19% of land area is composed of
this habitat type on Guam (Brown 2005). Currently this habitat is relatively poor due to
ungulate damage and disturbance.

Ravine forest tends to follow topographic contours such as river valleys and depressions.
Guam’s ravine forests are highly degraded and contain many non-native species
including betel-nut palm (Areca cathecu) and palma brava (Heterospate elata). Native
species that can be found in these forests are Ficus prolixa, Glochidion mariannensis,
Hibiscus tiliaceus, Pandanus tectorius, and Premna serratifolia.

This habitat type is found in southern Guam, which is more volcanic in origin (Figure
9A). Historically, ravine forest was more abundant. However, it has been reduced in
quality and quantity by damage from deer, pigs, fire, and introduced plant species. There
is little native ravine forest left and efforts to restore these areas are underway.

Efforts by the Department of Agriculture’s Forestry and Soil Resources Division (FSRD)
to improve much of the degraded habitat of southern Guam began in 1997. FSRD started
out-plantings of Acacia sp. in the badlands, areas where much of the organic topsoil had
washed away. In August 2005, FSRD began out-plantings of several native species to
reclaim these areas. With the rehabilitation of the ravine forest habitat and control of
invasive predators, management and recovery efforts for SOGCN listed species can
proceed.



GCWCS Page 30

Savanna or Grassland. Savanna is a habitat type primarily found in Southern Guam
(Figure 10A). The habitat is on volcanic soil and not usually flat (Fosberg 1960).
Grasslands is comprised mostly with Miscanthus (swordgrass) and Dimeria, and
scattered fire-susceptible Casuarina and fire-resistant Pandanus, which however is
stunted and poor (Stone 1970). The savanna is often swept with uncontrolled, often
deliberately started, grass fires. As a result marginal trees are killed and swordgrass, and
associated savanna species expand their total area (Stone 1970). This condition is
further excerbated by off-road vehicles that are driven in these areas eroding the bare soil
especially when during the rainy season. Currently, savanna covers 21.02% of land area
in the southern region encroaching surrounding forested areas. This habitat type is
important as a foraging habitat for the Island swiftlet.

Beach strand. Beach strand is a habitat comprised with open sand beaches, barren
coastal outcroppings, and coastal areas of sparse vegetation generally 2-3 meters or
shorter in height (Engbring and Ramsey 1984). In most areas, open sand beaches are
bordered with a mix of scrub and limestone forest. The dominant plant is Pemphis, a salt-
tolerant species common on the pitted limestone of the windward coast. Tournefortia and
Casuarina are two other salt-tolerant tree species found along beach strands. Currently
this habitat type is relatively stable in most areas such as Cocos Island, Ritidian, Pati,
Tarague and Pajon Basins, and Islets around southern Guam. Beach strand is important
for nesting seabirds, reptiles (nesting for turtles and lizards), and invertebrate species.

Strand forest. Stand forest is part of a beach strand habitat, but considered more inland
from the beach strand (Fosberg 1960, Figure 11A). Strand forest has a mixture of trees at
the top of the beach, and on the sand flats, immediately behind it there may be a forest of
Pisonia, Hernandia, Cordia, Barringtonia, and Casuarina in most places (Stone 1970).
Strand forest is found along Northern Guam coastline and parts of Southern Guam, where
Leucaena is dominant. This habitat is relatively poor due to man and feral ungulate
disturbance and is susceptible to typhoon damage and infestation. Strand forest covers
3.47% of land area.

Shoreline. Shoreline habitat tends to follow the coast surrounding Guam, Cocos Island
and other islets. This habitat type is mostly bare sand with limestone outcroppings and
coral fragments comprised of Ipomoea and two grass species, Sporobolus and Thuarea
(Fosberg 1960). Shoreline covers 0.08% of area on Guam and is important to reef
herons, sea turtles as a nesting ground, and migratory birds.

Limestone Caves. Limestone caves (Karst caves) are formed from natural solution of
limestone rock by water (Taborosi 2004). These caves are found both in the north and in
a few areas of the south where limestone rock areas are found (USFWS 1991). Caves
provide important roost sites to Sheath-tailed bats and Island swiftlets. These roost caves
are vulnerable to disturbance and invasive species.
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Table 2. Terrestrial habitats on Guam their relative condition, percent cover and

current needs.

Habitat L ocation Per cent Relative Current Needs
Area of Condition
Guam
Limestone Mostly 13.06 Decreasing Control feral pig and deer
Forest Northern some Remove and prevent invasive species
Southern Native tree reforestation
Public Awareness
Scrub forest Northern- 22.62 Increasing Control feral pig and deer
Southern Remove and prevent invasive species
Reforestation
Public Awareness
Open field Northern- 1.36 Increase Remove and prevent invasive species
Central Continue mowing and lot maintenance
Control feral pig and deer
Coconut Northern 0.76 Stable Implement feral pig control,
grove Remove and prevent invasive species
Outplanting of native trees.
Broken forest | Northern/ 0.19 Stable Implement ungulate control,
Southern Outplantingwith native trees
Guam Native tree reforestation
Ravine forest | Southern 8.3 Decreasing Control/Prevent Grassland Fires
Guam Implement feral ungulate
Invasive species control,
Native tree reforestation outplanting
Grassland Mostly 21.02 Increasing Control/Prevent grassland fires
Southern Prevent off-road vehicle impacts
Guam Improve public awareness
Monitor development and clearing,
Bio-control for invasive plant species
Native tree reforestation
Beach strand | Northern/ 0.08 Stable Implement erosion control
Southern Implement invasive species control
Implement coastal management plans
Strand forest | Northern/ 3.47 Unknown Control feral pig and deer
Southern Remove and prevent invasive species
Prevent further loss
Shoreline Cocos Island, 0.08 Stable Monitor erosion
other islets, Implement invasive species control
Implement coastal management plans
Caves Northern/ Stable Prevent filling of caves
Southern Prevent human distubance
Guam Invasive species control
Reforest surrounding area w native trees
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Freshwater Habitats

Guam has considerably more wetlands and a wider variety of types than any of the other
Mariana Islands.  All of its rivers and nearly all wetlands occur in the southern and
central parts of the island, where clay or argillaceous limestone soils retard water
percolation and permit surface waters to accumulate. Many interior wetlands are located
along the upper drainages of rivers and smaller tributaries. In contrast, the northern
limestone plateau allows rapid water seepage, and consequently only a few marshy areas
and ephemeral streams exist in the vicinity of Mt. Santa Rosa. Four basic categories of
wetlands are described below, with larger sites often having more than one type and their
relative condition summarized in Table 6.

Freshwater swamps. Freshwater swamps of woody vegetation are the largest category of
wetland and may be found on the edges of marshes, along river courses, and in wet
depressions in forests. H. tiliaceus is usually the major species involved, although the
largest tract of swamp forest on the island, the Talofofo River Valley, is dominated by
Barringtonia racemosa (Fosberg 1960). Other trees that may be present are P. tectorius,
Cynometra ramiflora and A. catechu.

Freshwater marshes. Natural freshwater marshes are also common, with individual sites
varying in size from the Agana Swamp (approximately 0.96 km? or 237 acres of
marshland) to many that are smaller than 0.5 ha (1.2 acres). Most are dominated by
dense, nearly pure stands of Phragmites karka that are 2-5 m tall (Fosberg 1960). Other
grasses (e.g. Panicum muticum), sedges (e.g. Eleocharis ochrostachys and Cyperus spp.)
and the fern Acrostichum aureum are often present but usually less prevalent. Two other
natural wetlands are important to the Mariana common moorhen (Gallinula chloropus
guami) include the Atantano, and Namo wetlands (Takano 2002, Ritter and Savidge
1999).

Reservoirs. Man-made freshwater wetlands were originally constructed as water
impoundments for humans, cattle and crop irrigation, and are found widely through
southern Guam. Many are no longer used but they continue to collect water and maintain
aquatic ecosystems. The largest is Fena Lake (0.81 km® or 200 acres), which still
functions as an important reservoir for drinking water. Other sites are much smaller and
tend to have deeper, more open water than natural marshes. These may include ponds dug
for aquaculture purposes. Vegetation is variable, but Phragmites and Hibiscus are usually
minor components. A number of these sites are crucial to the preservation of the Mariana
common moorhen (Stinson et al. 1991) and are very important to migratory species.

The Masso Reservoir is a 9105 m* (2.25 acre) man-made reservoir located in Piti. Guam
DAWR plans to begin work in 2005 to restore the reservoir to a state suitable for public
fishing, and also enhance it as habitat for the endangered Mariana common moorhen. The
Navy constructed the reservoir just after World War II to act as a source for drinking
water. Due to chronic sedimentation problems, the project was abandoned in 1951. The
Navy retained ownership of the land containing the reservoir until 2000, when it was
returned to the Government of Guam. Ownership of the reservoir was transferred from
the Ancestral Lands Commission to the Department of Agriculture through Executive
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Order (E.O. 2006-14). Guam DAWR has again received funding to rehabilitate the
Masso Reservoir in Piti. Work on the site will include dredging the reservoir to its
original depth, and installation of both a fishing platform and educational signage.

Mangrove Areas (Brackish/Estuarine)

Estuarine wetlands occur in areas of tidal intrusion or brackish water, and consist
primarily of mangroves and the lower channels of rivers. These habitats are facilitated by
a daily tidal variation of about 75-90 cm. The largest concentrations of mangroves exist
along the eastern shores of Apra Harbor, with smaller zones present in Merizo and
Inarajan. Although they only total about 0.02 km® (5.56 acres), Guam's mangroves are
the most extensive and diverse in the Mariana Islands. Species include Rhizophora
mucronata, R. apiculata, Bruguiera gymnorrhiza, Avicennia marina, Lumnitzera littorea,
N. fruticans, Xylocarpus moluccensis, Heritiera littoralis, H. tiliaceus and Acrostichum
aureum (Fosberg 1960, Moore et al. 1977). Nine of the island's 46 rivers that empty into
the ocean have true estuarine zones. The lower channels of these rivers, which are
typically only 5-20 m wide and 1-4 m deep, have elevated salinity levels that extend 0.5-
1.6 km upstream (Wilder 1976). N. fruticans is a common indicator plant of river zones
with brackish water regimes. Marshes of bulrushes (Scirpus littoralis) are a third
estuarine community, and are found at several locations in Apra Harbor. The largest area
is the artificial San Luis Ponds. This habitat type is important for many species of
migratory shorebirds, native aquatic and terrestrial invertebrates, and aquatic vertebrates.

Rivers

The island has 100 rivers and streams, ranging in length from less than 1 km to more than
5 km, all located in the volcanic southern half of the island (Best and Davidson 1981). In
southern Guam, a mountain ridge running along the western coast creates small, steep
watersheds to the west and broader floodplains draining into longer, larger rivers to the
east. Of Guam’s 100 named rivers and streams, forty-six drain into the ocean. The
largest of these, the Talofofo, drains an area of approximately 72.83 km® (Best and
Davidson 1981).

Tables 3-5 show data for some of the representative rivers of Guam. Note the greater
lengths and watersheds for rivers draining to the east coast.

Table 3. West coad rivers.

River River length Area drained | Max flow * | Min Average
* Flow* flow *
Aplacho | 2.805 kilometers 1.3 km’ 1690 ft'/sec | .12 ft'/sec | NA
La Sa Fua | 4.633 kilometers 2.75 km’ 1440 ft'/sec | .12 ft'/sec | 4.39
ft3/sec
Umatac 2.987 kilometers 5.46 km’ 7460 ft'/sec | .10 ft'/sec | 8.59
ft3/sec
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River River length Area Max flo* Min flo* | Average flow*
Drained*
Imong 2.088 kilometers 5.05 km’ 6100 ft'/sec | .36 ft'/sec | 9.52 ft'/sec
Almagosa | 2.195 kilometers 3.42km’ 2650 ft'/sec | .05 ft'/sec | 5.98 ft'/sec
Maulap 2.438 kilometers 2.98km’ 2420 ft'/sec | .31 ft'/sec | 5.02 ft'/sec
Table5. Ead coad rivers,
River River length Area Max flo* Min flo* | Average
Drained* flow*
Ugum 11.460 kilometers 14.92km” 14,700 2.7 24.2
ft'/sec f'/sec | ft'/secft’/sec
Ylig 11.994 kilometers 16.78km” 4900 ft'/sec | .07 27.2 ft'/sec
ft'/sec
Pago 10.060 kilometers 14.69km” 17,300 No flow | 26.1 ft¥/sec
ft'/sec

* USGS Pacific Islands Water Center Web Site

Forty-six of Guam’s rivers drain to the ocean. Nine of these forty-six rivers have true
estuarine zones. Fish fauna of this section includes few native freshwater species, but
many marine species including snappers, jacks, halfbeaks, and mullets. These reaches
are characterized by soft, muddy or silt-laden substrates, slow moving, relatively, deep
water. The terrain in this region is flat. The dominant vegetation along this stretch of a
river includes mangroves, Nypa, and Hibiscus.

Upstream of saltwater influence, most marine species drop out, and Kuhlia becomes the
dominant predator. Most of the native gobies and invertebrates appear in this region.
Usually, the substrate in this area of rivers is sandy, or a mixture of sand and cobble, with
areas of base-rock or clay. Channel width is generally narrower than the estuarine region.
The slope of the terrain is gentle and water velocity is generally slow. Dominant
vegetation in this region includes bamboo and Hibiscus.

Above the first waterfall on a river, the most common habitat found is riffles and plunge
pools. This is an area characterized by small runs separated by small waterfalls and
pools. In the dry season, water flow may stop in this region, and the pools become
separated from each other. The substrate in these habitats is usually pavement or larger
rocks. Kuhlia and Stenogobius are unable to get past a waterfall, and are not found
upstream of the first major falls (>3 meters). Gobies and Macrobrachium shrimp are
more common here, and Anguilla eels become the dominant predator. Water in this
region is shallow (< 1 foot or 30.54 cm), except in the pools. This area generally has
fast-flowing water, and a relatively steep elevation drop. Dominant vegetation in this
region might include ferns, Hibiscus, and Pandanus.
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Table6. Freshwater habitats on Guam.

Habitat L ocation Per cent of Relative Needs
Type area Condition
Freshwater Edges of marshes, | 0.06% Unknown Implement current management
swamps along river plans/laws
courses, wet Control invasive species vegetation
depressions in and animals
forests
Freshwater Common from 0.29% Stable Implement current management
marshes Central to plans/laws
southern Guam, Control invasive species vegetation
Control bts
Reservoirs Widely through 0.01% Unknown Implement current management
southern Guam plans/laws
Control invasive species vegetation
Mangrove Southern Guam 0.14% Stable Implement current management
plans/laws
Control invasive species vegetation
Prevent further loss
Rivers Southern Guam 0.13% Unknown Implement current management
plans/laws
Reduce sedimentation
Control invasive species vegetation

Marine Habitats

Guam’s marine habitats are extremely complex and can be described in a number of
ways. They can be classified by the type of cover (e.g. coral, seagrass, unconsolidated
sediment, macroalgae) or by zone (e.g. reef flat, fore reef slope). The combination of
these two classifications leads to a large number of specialized habitats, so this document
will primarily refer to reef zones, and describe some of the more important types of cover
found in each of these zones (see Table 7).

On Guam, reef flats are relatively flat platforms extending from a few meters to over a
kilometer from the shoreline to the wave-washed reef margin. The seaward portion
usually slightly elevated and often exposed at low tide, is known as the outer reef flat.
The inner reef flat is adjacent to the shore and usually retains water during low tide and is
often referred to as the “moat”. Intertidal fringing reef flats have no significant moat
development and are generally fully exposed during low tides. These reef flats are
common along the southern coasts. In addition, some reef flats, such as the Achang reef
flat, have middle reef flat moat development. In these areas the inner and outer reef flats
are exposed during low tide, but the middle reef flat retains water. The reef flat zone may
have a range of cover types including pavement, seagrass beds, staghorn coral (Acropora)
thickets, Porites microatolls, sand/rubble fields, and macroalgae. Although all of these
habitats are utilized by reef fish species, the seagrass beds and staghorn coral thickets are
perhaps the most important reef flat habitats for juvenile reef fish considered species of
concern.
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Sea grass beds cover approximately 3.7 km* (917 acres) of reef flats in numerous coastal
bays around Guam (NOAA 2005). Guam’s sea grass beds are composed of three species:
Halodule uninervis, Enhalus acoroides, and Halophila minor (Lobban and Tsuda 2003).
These sea grass beds range in size from small beds a few meters in diameter to
continuous beds nearly 1 km”® in size. The largest of these sea grass beds are found along
the reef flats in the southern part of the island including Cocos Lagoon and within the
Achang Reef Flat Preserve. These sea grass beds are used as foraging grounds by green
sea turtles (Chelonia mydas). Other substantial sea grass resources are located in East
Agana Bay, Pago Bay, Piti Bomb Holes Marine Preserve, and Agat areas. These sea
grass beds are important nursery areas for a number of reef fish species including
emperors (Lethrinidae), wrasses (Labridae), and goatfish (Mullidae). Sea grass
resources in Guam are threatened by land-based sources of pollution and recreational
misuse and overuse including personal watercraft and trampling by divers.

Lagoon zones are areas enclosed by the low tide line of the inner edge of barrier reef flat.
Guam has two areas that can be considered true lagoon zones: Apra Harbor and Cocos
Lagoon in Merizo. The depth in these areas ranges from less than one meter to over 30
m. Apra Harbor has sandy and muddy bottom in between scattered patch reefs and
shoals. These patch reefs and shoals boast some of the highest coral cover in Guam with
many areas exceeding 100% coral cover. They also support diverse macroalgae and
sponge communities. Cocos Lagoon is generally shallower than Apra Harbor and has a
predominantly sand bottom with numerous small patch reefs scattered throughout. This
sheltered area has delicate staghorn coral communities that provide safe refuge for
Convention of International Trade of Endangered Species (CITES) listed juvenile
humphead wrasse (Cheilinus undulatus) and other reef fish species of concern. The
lagoon is also home to soft coral stands that provide unique habitat found in few locations
in Guam’s waters. These lagoons are utilized by a wide variety of reef fish species as
well as both green (C. mydas) and hawksbill (Eretmochelys imbricata) sea turtles.

Channels connect lagoons or reef flats to the outer reef slope. Some examples of this
type of reef zone are the Mannell and Mamaon Channels in Merizo leading into Cocos
Lagoon. Many smaller channels are found leading from reef flat areas to the outer reef
slope. These areas are strongly influenced by tidal currents and host a wide variety of
plankton-feeding animals. Depending on the strength of the currents, channels may have
a barren floor of shifting rubble or may be thickly covered in hard and soft corals. Based
on data from the region, these areas are likely key spawning aggregation sites for a
number of reef fish species. Mannell Channel in Merizo is an important congregating
site for green sea turtles (C. mydas) and channels in Tumon and East Hagatfia are known
congregating sites for manta rays (Manta birostris) and other filter feeders.

The area extending from the seaward edge of reef flat to the submarine terrace is known
as the reef front or fore reef slope. The coral communities and the structure of the
substrate in this zone are directly related to the level of wave action and frequency of
wave assault. Reef front zones that are protected from strong wave action is often
characterized by a gentle slope covered with large stands of branching or tabular corals.
As wave energy and exposure increase, the corals in these areas tend to become smaller
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and more compact. Areas with severe wave action tend to be dominated by lower, stout
branched corals. Channels in these areas may be strewn with boulders. Some of these
areas have spur and groove formations characterized by alternating ridges and vertical
sided channels.

Seaward of the reef front is the submarine terrace where the reef front flattens out. The
channels become shallower with sand rather than rubble floor. In areas with constant
surge the corals are low profile encrusting, stocky, or massive coral species. In sheltered
areas large branching and tabular corals are common. These terraces are frequented by
schools of surgeonfish and parrotfish.

The outer reef slope slopes down from the submarine terrace and into deep water. They
are usually steep (greater than 30°) with moderate to high coral cover. Coral cover and
species composition are strongly influenced by the slope’s exposure to storm swells and
presence of tidal currents. In general, coral cover and diversity remain high to depths of
40-60 m, with plate forms dominating the slope down to as deep as 112 m. Below this
level gorgonians and soft corals dominate the slope.
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Table7. Summary of the status of marine habitats on Guam.

Marine L ocation Total area Relative Needs
habitats Condition
Reef Flats All around Guam, 5260 acres | Stable Continue Guam Coral Reef LAS
most extensive on Continue management of Marine
the western and Preserves
southern shores Reduce land-based sources of pollution,
Improve fisheries management,
Largest beds are 917 acres Address recreational misuse and global
- Sea Grass | along the warming
southwest and
southern coasts
Reef Front | All around Guam, 15,125 Stable Continue Guam Coral Reef LAS
most extensive on acres Continue  management of Marine
the western and Preserves
southern coasts Reduce land-based sources of pollution,
Improve fisheries management
Address recreational misuse and global
warming.
Maintain Marine Preserves
Lagoon Primarily Apra 1,721 acres | Stable Continue Guam Coral Reef LAS
Harbor / Cocos Continue Marine Preserves
Lagoon Reduce land-based sources of pollution
Improve fisheries management, address
recreational misuse and global warming.
Maintain Marine Preserves.
Channel All coastal areas. 280 acres Stable Continue Guam Coral Reef LAS
Continue  management of  Marine
Preserves
Reduce land-based sources of pollution
Improve fisheries management
Address recreational misuse and global
warming.
Maintain Marine Preserves
Submarine | Surrounding island | Unknown Unknown Assess current status
Terrace Reduce land-based sources of pollution,
Improve fisheries management
Address recreational misuse and global
warming.
Outer reef | Surrounding island | Unknown Unknown Assess current status
Slope Reduce land-based sources of pollution

Improve fisheries management,
Address recreational misuse and global
warming.
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Terrestrial Conservation Areas

The Government of Guam has recognized the need to protect and preserve the natural
resources of the island. In 1956, the Department, in cooperation with other government
agencies, was given the authority to control and manage land and water areas set aside as
conservation areas (PL 3-103). In 1982, PL 16-62 reestablished the authority of the
Department over Conservation Reserves having joint jurisdiction with the Department of
Parks and Recreation. The development of a Master Plan for Park and Conservation
Land (DOA and DPR 1999) was completed and followed the criteria that these lands had
no claims, ownership, or interest attached to it.

Approximately 20% of Guam has been designated as local or federal conservation lands
(Figure 14). The Government of Guam has identified three areas for conservation: Anao,
Bolanos, and Cotal Conservation areas. An additional 20 areas, totaling approximately
4.40 km® or 1087 acres (Draft Master Plan for Park and Conservation Land 1999), were
proposed to be included as conservation lands. Though this plan was never formally
adopted, the proposed areas contain habitat that are vital to restoration efforts proposed in
the GCWCS. Ratification of this plan would be beneficial to all species listed in Guam’s
SOGCN.

The conservation lands of Anao, Bolanos, and Cotal belong to the Government of Guam.
The land area covered by the three areas is 16.5 km* (4077 acres) (Figure 14). These
areas vary in habitat types and provide unique opportunities for restoration of SOGCN.

The Anao Conservation Area encompasses an area of 3.1 km* (764 acres) and is located
in northeastern Guam. This conservation area contains several habitat types to include
limestone forest (78.6%), scrub forest (14.7%), strand vegetation (3.9%), barren (0.4%),
urban buildup (0.4%), urban cultivated (0.9%), and unknown (1.1%), (Figure 15).

Limestone forests dominate the upper plateau and windblown vegetation along the
coastal cliffs. There is a contiguous band of limestone forest that runs north to Pati Point
and west to Ritidian Point (part of the GNWR Overlay). Fruit bats likely use the area to
forage due to the abundance of native limestone forest species. Access to the area is via a
single dirt road to a footpath that leads down the cliff to the coast. No developed
recreational facilities are present, but hikers, hunters, and fishermen utilize the area and
an “educational trail” was established along the footpath.

Scrub forest is located along the northwestern perimeter of Anao. With proper ungulate
control and out-planting by FSRD, limestone forest can be restored making it favorable
for reintroducing native species. Brown treesnake control is also necessary and vital to
this program.

Another habitat type located within the Anao Conservation area is strand vegetation.
This habitat is located in the areas below the cliffline along the eastern edge bordering the
Pacific Ocean. Control of predators and invasive plant species will ensure this area is
maintained for listed SOGCN.
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The Bolanos Conservation area, 11.6 km* (2,854 acres), is managed by GDAWR for
hunting and outdoor recreation. The area is composed of savanna complex (Miscanthus
floridulus and other grassland species) (47.1%), scrub forest (0.2%), ravine forest
(50.2%), badlands (2.5%), barren areas (0.06%), and urban buildup (<0.01%) (Figure
16). Historically, the area was predominantly ravine forest with very little savanna
complex. However, humans and ungulates have changed the landscape through
agricultural burning and browsing. Today, Bolanos is nearly an even mix of savanna
complex and ravine forest. The range of ravine forest is reduced in each successive dry
season.

Bolanos Conservation Area is difficult to access and is limited to hikers and hunters. The
mosaic of fire-dominated vegetation such as M. floridulus makes this area and its limited
access a challenge for natural resource managers. The restoration of native fauna to
Bolanos would require reducing savanna complex and rehabilitation to ravine forest.
However, portions of Bolanos that still harbor native vegetation should be receptive to
native fauna should sufficient habitat exist to support such reintroductions. All efforts to
rehabilitate Bolanos should also involve ungulate and brown treesnake control.

The 2.7 km® (662 acres) of the Cotal Conservation Area is predominately covered by
savanna complex (73.8%) with scrub forest (24.7%) and urban buildup (1.2%) being the
next most abundant habitat types (Figure 17). Barren and badland habitats are less than
one percent of the total area. Efforts to improve the habitat have been met by repeated
arson. A stream is present in the area and provides for indigenous freshwater fauna and
reef protection. At present, this area provides little forest values and is not connected to
the southern Refuge Overlay. This area is accessible by the general public.
Reforestation efforts combined with public education activities may be implemented in
this area in order to restore SOGCN. The Department’s FSRD has begun efforts to
restore native species to this area that would make this area available to release efforts of
native species of birds and other animals in the future. ~However, the prevalence of
grassland fires in this area makes reforestation difficult and challenging.

In addition to locally managed conservation lands the federal government has identified
conservation areas on Guam (Figure 14). On June 14, 1991, the USFWS published its
intent to establish a wildlife refuge overlay (Federal Register Vol. 56, No. 115, pp.
27485-27493). The Guam National Wildlife Refuge (GNWR) Overlay was established
in December 1993 creating the 97.1 km® (24,000-acre) GNWR Overlay. The
Memorandum of Understanding (MOU) between the USFWS, the U. S. Navy (USN),
and the U. S. Air Force (USAF) established the overlay units of the GNWR. The goal of
this MOU was to develop cooperative agreements for the management of Guam’s natural
resources on federal and conservation lands. The USAF entered into a Cooperative
Agreement with the USFWS with purpose of establishing the overlay units on lands
administered by the USAF on Guam, and to define the management and administrative
roles and responsibilities of the USAF for the GNWR. These federal agencies, among
others, are valuable partners in the implementation of Guam’s CWCS.
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The GNWR Opverlay includes a variety of habitat types within its boundaries. The
habitats include limestone forest, scrub forest, savanna complex, ravine forest, strand
vegetation, and Causarina thicket. Like the conservation areas that belong to the
Government of Guam, the habitat contained within the GNWR is degraded. The
overabundance of feral ungulates and other factors continue to degrade these habitats.
Guam DAWR will work with GWNR management, AAFB, and COMNAVMAR to
improve the habitat for the benefit of Guam’s SOGCN.

Marine Preserves

Over 10% of Guam’s coastline has been set aside in five marine preserves: Tumon Bay,
Piti Bomb Holes, Sasa Bay, Achang Reef Flat, and Pati Point (Figure 14). The preserves
were established in 1997 in response to decreasing reef fish stocks, but were not fully
enforced until 2001. Fishing activity is restricted in the preserves with limited cultural
take permitted in three of the five areas.

The largest of the preserves, Pati Point Marine Preserve, contains 20 km®> or
approximately 4900 acres reef environment. The area was originally designated as a
marine preserve and managed area by the Air Force in 1973 (Stevens 1973). The
preserve includes narrow reef flats edged by steep fore reef slopes that are populated by a
wide variety of coral species. The beaches within this preserve are important green sea
turtle (C. mydas) nesting areas. Limited access to the preserve provides some level of
protection; however, enforcement of regulations becomes increasingly difficult. Under
the territorial marine preserve designation, only hook and line fishing from shore is
allowed for all species of fish.

The Tumon Bay Marine Preserve lies adjacent to the central tourist district on Guam.
This 4.5 km* (1117 acre) preserve features a broad reef flat (2.7 km?, 665 acres) and
gently sloping fore reef slope (0.7 km?, 166 acres), and broad bank/shelf habitat (1.42
km?, 351 acres less than 100 feet deep). Almost 1 km* (253 acres) of this preserve is
dominated by coral. On the fore reef slope, the dominant species is plate-and-pillar coral
(Porites (synarea) rus), complemented by a wide variety of other species. The reef flat
contains large stag horn (Acropora), lobe (Porites), and lettuce (Pavona) coral stands.
These coral stands provide rich habitat for a variety of fish species including the CITES
listed Humphead wrasse (C. undulatus) and many other species of reef fish. Extensive
sand patches that harbor sea cucumbers and a variety of scavengers complement this
coral-dominated area. Limited traditional fishing with hook and line or talaya (cast net)
from shore is allowed in this preserve for four types of fish: kichu (convict tangs,
Acanthurus triostegus), manahac or sesjun (rabbitfish, Siganus sp.), I’e (juvenile jacks
and trevallies, Caranx sp.), and ti’ao (juvenile goatfish, Mullidae species). Talaya may
be used for kichu and manahac or sesjun, along the reef margin.

Piti Bomb Hole Preserve (3.6 km?, or 896 acres) stretches from Asan Point to the outlet
channel from the Cabras power plant. The broad reef flat (1.4 km?, 349 acres) in Piti Bay
extends from 72 m near the mouth of Tepungan Channel to 978m east of Asan Point
(Randall and Eldredge 1976). The reef flat includes unique solution features known as
the “bomb holes” that provide sheltered areas of deeper water. The deepest of these
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sinkholes are 30-32 feet at mean lower low water (MLLW) (Tsuda and Donaldson 2004).
These sinkholes are densely populated by a variety of hard and soft coral species. They
host rich soft coral communities and fish and invertebrate assemblages not often found
within the reef margin. In addition, Piti Bay’s fore reef slope has unique rubble-pile
habitats utilized by a number of unusual/rare species of echinoderms and mollusks
(Paulay 1994). These features are not known from any other area of Guam. The western
end of the preserve is transected by Tepungun Channel. Dolphins, large rays, and
bumphead parrotfish (Bolbometopon muricatum) frequent this preserve. The main
sinkhole is occupied by an 11 m (36 ft.) diameter underwater observatory that was
completed in 1996. The Fish Eye Marine Park Observatory is accessed by a 1.8 m (6 ft.)
wide and 290 m (950 ft.) long pier. The largest sinkhole is frequented by commercial
scuba diving tours and is visited by up to 200 divers a day.

Sasa Bay Marine Preserve (3.1 km’, or 770 acres) includes a significant subset (0.5 km?,
126 acres) of the largest mangrove stand in the Mariana Archipelago. This preserve
extends from the dry dock island to Polaris point and ends at the public right of way
bordering Marine Corps Drive (Route 1). The northern border is route 18 and the
southern is the road to Polaris Point. The diverse mangrove swamp serve as nursery
grounds for jacks (Carangidae), barracudas (Sphyraenidae), snappers (Lutjanidae), and
groupers (Serranidae) (Wiles and Ritter 1993). The bay also serves as a foraging ground
for green and hawksbill sea turtles. Coral habitat (0.02 km?, 4.5 acres) is limited inside of
the preserve due to the heavy sediment load entering the bay from the Sasa and Aguada
rivers.

The fifth preserve is the Achang Reef Flat Preserve in Merizo (4.8 km?, or 1199 acres),
which extends from the Ajayan Channel to Achang Bay. It includes a wide variety of
habitats including mangroves, seagrass, sand, coral, and channel. The seagrass,
mangrove, and estuarine areas of this preserve are important nursery area for a number of
fish species. Manell channel, the largest channel included in the preserve, is an important
congregation site for green sea turtles as the surrounding areas include rich foraging
habitat including dense sea grass beds. Seasonal traditional fishing [as defined in 5 GCA
Chapter 63 §63101] is permitted in this preserve for lesso’ (juvenile forktail rabbitfish,
Siganus argenteus), achemson (juvenile fusiliers, Ptercaesio tile), and atulai (big eye
scad, Selar crumenophthalmus) under special permit.

Freshwater Conservation Areas

There are few freshwater conservation areas on Guam. Within the Sasa Bay Marine
Preserve, a wetland site has been designated as a moorhen foraging site. There is also
Fena Lake, the largest reservoir on Guam, which is important for nesting moorhens.
Fena Lake is located in southern Guam, on Naval Ordnance Annex, which is part of the
GNWR Overlay. Three rivers empty into this reservoir. Due to the relative
inaccessibility of Naval Ordnance Annex, these are some of the most pristine river
habitats on Guam.
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Federal Marine Conservation Areas

The Guam National Wildlife Refuge Overlay includes the federally owned War in the
Pacific National Historical Park, Guam National Wildlife Refuge, and two Naval
Ecological Reserve Areas (ERA), Orote and Haputo (Figure 14). The marine portion of
the two ecological reserve areas complement the marine preserves. These areas were
established as mitigation for construction projects in Apra Harbor for the naval base.
Managed by the US Navy, these areas are closed to commercial fishing, however there is
little management or enforcement.

The Orote Peninsula ERA stretches from Orote Point south to Agat Bay. Diversity and
species composition of the Orote Peninsula reefs are strongly influenced by physical
factors such as wave exposure, currents, riverine influence, and bottom topography. A
number of unique micro and macrohabitats exist in this area with very different
assemblages found within each. A recent survey of the area indicated that Blue Hole, the
Orote Boulder Fields, and the Orote Point Reef Slope were biologically important due to
unique species and high biodiversity. The researchers identified 1252 species of marine
animals within the ERA. This included 156 species of scleractinian corals, two of which
(Leptoseris n. sp. and Favia rotundata) were new records for Guam. A total of 339 fish
species were recorded, representing approximately 37% of the known species from
Guam. Macroinvertebrates accounted for 657 species encountered during the qualitative
surveys. Diversity appears to be related to habitat, with areas such as the reef flat
between Neye Island and the coast, and the patch reefs in North Agat Bay, exhibiting
high levels of diversity. In general, diversity declines from Orote Point southeastward
and then increases again in the Agat area (Paulay 2001)

The Haputo ERA is located along the northwest coast of Guam, from just south of
Haputo Beach to just north of Double Reef. The area is bounded by narrow, supratidal
benches or unprotected rock faces; however, the area also contains two small, localized
reef flats near Haputo Beach and Double Reef. Double Reef, an incipient barrier reef, is
a unique feature in this area that creates highly heterogeneous habitat, including a distinct
backreef community. Surveys identified, 944 species of marine animal, including 154
species of scleractinian corals. Quantitative studies indicated that coral cover was
relatively high at most Haputo survey stations, ranging between 37-64%. This is higher
than most surveyed locations in Guam’s waters. Two hundred and seven fish species,
approximately 22% of the known species from Guam, were identified at this site. ~Large
piscivores and herbivores were rare. The study indicated that while corals were thriving,
the fish targeted by the local fishermen were less diverse and less abundant at the Haputo
ERA than expected. The low abundance of target species suggests that overfishing may
also be a problem in this area.



GCWCS Page 44

Maps

' Legend
| B Barren

Rangeland |
B Forest |

4 St | Urban
2 - - { Water

Figure 1. The distribution of various vegetation types around Guam [USDA 2005,
Brown 2005].



