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Executive Summary

The tropical forests on Guam are comprised of over 600 species of plants, with more than
100 species of trees The unique biodiversity found within Guam forests suppors
traditional practices such asagroforestry, collection of plant materials for medicines,
harvesting of timber for seafaring, and wood carving practices. In addition to thse
and habitats for native, endemic, and endangered species: OA|l 6 O hale(ée® OO
impacted by typhoons, drought, wildfires, and invasions of introduced insects, plants and
ungulate species. These impacts have greatly alteredtive communities, and now threaten
biodiversity and watershed functions. In addition, Guam igxperiencing an increase in
development andpopulation assodated with the expansion of theU.S. Marine Corps, Navy,
Army and Air Force on the island. This assessment recommends strategies for protecting
forests, restoring forest ecosystemsand reducing pollution to critical reef systems.

Purpose

This document was completed to meet the requirements of the 2008 and 2010 Farm Bills
and the redesigred objectives of the USDA Forest Service State and Private Forestry
(S&PF) programs. This Guam Forest Action Plan (GFAP),\poaisly known as the Guam
Statewide Forest Assessment and Resource Strategy (GSWARS), has provided the Guam
Department of Agriculture, Forestry and Soil ResourcesDivision (DOAGFSRD)an
opportunity to identify the highest priorities for forest resource management, and a
vision for the future of' O A ifdde€ts and soil resources

Public Involvement

Local and federal agencies and stakeholder representatives on theAP Advisory Council
contributed critical input to complete the plan. The Council consisted b the Forest
Stewardship Program (F®) board, Urban and Community Forestry UCH council, and the
Cooperative Fire Protection CFB Program committee. The Councilidentified and
prioritized major issues and threats to Guam forests and landscapes. Téifrt of issues and
threats guided the development ofthe assessment and strategies.

Forest Conditions and Trends

~ . ~

7TEEI A 1 EIi EOAA AT AOi AT OAOGEIT 1T & ' OAI 60 A& OAOO

1 (Taborosi, 2013)
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1900, World War 1l represents a significant shift in feest conditions. Events that
occurred during the war and immediately after seemto have set the stage for
enduring forest cover conditions, which do not appear to have changed substantially
since the early 1950 A comparison of forest cover types shows that in general, the
forest and nonforest components have been relatively stable for much of the island
A significant observation is the change in the urban landscape, with increasing
urbanized zones, additional roads, and impervious surfacesafige shopping centers
and parking lots). These areas were expanded into mostly nerfiorest and some
forested zones (especially in the north of th island). In the nextfive years,increased
urban development isanticipated to be a significant disturbancet ' O Aofeét0
the creation of Marine Corps Base Camp Blaz has removed or disturbed about 1,000
acres of forest, and the buildupis driving additional development that could impact
forests outside the base footprint as well

A detailed vegetation type map(Figure 7) was developed to provide the foundation for
evaluating forest conditions and trends, water resources and water quality impactét the

island scale (~134,000 acres), approximately 4% of the area on @am has tree cover,
either recognized as forest types or as individual tree fragmentst9% is developed or
mixed-use areas, 18% of the landscape iggrassland 9% of the area is open water, 3%
consists of wetland vegetationand 2% is identified asbare land (Table4).

Forest types for this assessmentare aggregated ag@vergreen fores6  Ankldde scrub
and or shrubs as either Mixed Forests or Secondary Forest. The Mixed Forest is a
composite of forest types, including coconut forest mixed forest types and native
limestone forests. These forests are moderately dense, with a collection of understory
shrub, vine and fern species, along with germinating and young trees. Forest types are
relegated to ravnes, sheltered depressions and river drainages in southern Guam, and on
limestone soils in northern Guam. Secondary Forests occur on the lower edges of slopes
above forested valleys and ravines that generally have a border of thickets of native and
introd uced woody species. These secondary forests are composed of dense;dtature
thickets with low species diversity, or are composed of a single species. This community
contains both thickets dominated by introducedLeucaena leucocephaland thickets of
native Hibiscus tiliaceus.

22010 Guam SWARS
3 Joint Guam Progran©Office. 2015. Supplemental Environmental Impact Statement: Guam and CNMI
Military Relocation (2012 Roadmap Adjustments). Navy Facilities Engineering Command Pacific
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AssessingNon-Forest Community Types on Guam is critical in evaluating threats to
forested acres, urban areas, and water quality. NelRorest Communities include several
Savanna Communities, Tall Grass communities, and Mixed €&&ommunities. The non
forest communities exhibit the highest fire prone risk to forests and communities and are
the major source of sediment to waterways and the reef system. Other Cover Types were
classified as Bare Ground, Developed Areas and misceaus othe types.

Urbanization and buildup are principal vectors for disturbances from invasive species.
Guam is the primary transportation and shipping hub to greater Micronesia and is
expected to import large amounts of materials to @ommodate themilitary buildup
phase. Tkelarge volume of incoming cargpcombined with anestimated 1.1 million tourist
arrivals annually, allow for ample opportunities for nonnative species to arriveand
establish on Guam.

Invasive species significantly alter forest structure, composition and resilience to other
disturbance processes. Abiotic disturbancemcluding typhoons and fire contribute to the
successful spread and establishment of invasive spies, as well as provide points of entry
to establish within the interiors of forest fragments. Influxes of equipment fromnfested
areas can also spreathvasive speciesto other parts of the island, especially during the
construction phases othe buildup.

Little quantitative data are available about invasive species assemblages, their
distribution or their effects on forest health at the islandscale. The besknown major
insect species that alter forest health on Guam are the Asian cycad sc@hilacaspis
yasumatsu) and the coconut rhinoceros beetle Qryctes rhinocerod..), but other insect
pests are likely contributing to forest changes as well. For instance, a newly discovered
gall-forming eulophid wasp and termites affect the health and swival of ironwood trees
(Casuarina equisetifolia) which have been declining since a series of severe typhoons in
2002. The insects are part of a complex of biotic and abiotic factors responsible for the
dieback

Given the rapid changes associated with ghmilitary buildup that are scheduled to occur
on Guam, including the massive influx of raw materials from of§land, it is imperative that
Guam Forestry and its partners gain the capacity and resources to help prevent and detect
invasive species before ey gain a foothold. Quantitative data, personnel and staff
capacity are all gaps in the effective management of a forest health program.
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Coral Reef Decline and Ridge-to-Reef Management

Coral reef health is in decline where significant chronic sedimenplumes occur.
Deforestation, invasive species, fire, and land management practices increase the
sediment flux from the uplandsthrough freshwater systems, including some drinking
water sources,to the mouths of rivers that empty into the fringing reef andbays. A
comprehensive Ridgeto- Reef restoration program is the best way to reduce the damage
from peak flows and inputs of sediment sources. A Strategy in this document is to adopt
a Ridgeto-Reef assessment and implementation approach to improve water glity and
reef protection.

Identification of Issues and Threats to Guam Landscapes

The Stakeholder evaluation was based on eleven environmental attributes mapped at a
coarse scale using the PIC Veg Layer developed by the Forest Service in 2005 combined
with other basic topographic spatial layers. The six key issues identified by the Forest
Action Plan Advisory Council were:

¢ |Issue 1. Wildfire and PublicSafety
e Issue 2. Water Quality and \&ter Supply
¢ Issue 3. Deforestation of Native and Old Forests

7 Issue 4. Urban Forest Sustainability, Population Growth and Urbanization

Issue 5. Degraded.ands

1 Issue 6. Invasive Species and Forest Health

Following the identification of these issues, the assessment findings were completed to
spatially identify areas and rank the severity of the issue. These fine scale spatial layers
provided the foundation for identifying forests and forest fragments, modeling fire
behavior and modeling sediment sources.

Fire is a keystone issue on Guam that preventeestablishment of forests, threates
urban areas and public safety, and maintasior promotes fire prone grasslands. Fire
promotes invasive grasses whereas within native savanna complexes there are lower

grasses Dimeriaspdq AT A A T E@ 1T £ OEOOAO OEAO Ai1860 OAA

invasive grass complexesThese fireprone areas increase sedimetion rates that
directly degrade water quality and reef systems. Fire behavior risk was evaluated in 300
ft perimeters around forest fragments and 500ft buffers around urban areas. Evaluating
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fire risk in categories from Low to Extreme provided a way tadentify the highest priority
areas for treatment.

Sediment contributing areas were identified in each watershed using vegetation types
and topographic features. This assessment providestool to focus on treatment areas
that will have the most benefit h reducing sedimentation and improving water quality
and reef protection.

A synthesis of the stakeholder issues identifying approximately 13,000 acres of land that
are the highest priority areas for treatment, where single treatments of planting forest
will decrease sediment loads to reefs, increase forest fragment sizes, and decrease risk of
fire to standing forests.

Ten-Year Strategic Plan

The Strategic Plan developed to address the stakeholder issues consists of the Resource
Strategies, an Approachfoy | 1 AT AT OAQGET T AT A Al A&pdciQAOET T 1
to implement the plan. Strategies are identified in sequential order to address restoration,

conservation of intact forests, reduce impacts to water quality and the reef system,

mitigate the impacts of the military expansion, and address invasive specigall unifying

themes developed from stakeholder issues. The strategies are organized to address the

following components: Forest Service National Themes for State Action Plans, Strategy
Description, Next Steps, State and Private Forestry Programs that Contribute, Key
Stakeholders, Resources Needed, and Measures of Success. The four stratagges

Strategy 1: Implement Highest Priority Plantings in Urban, Rural and  Undeveloped
Areas that Meet Multiple Objectives.
Strategy 2: Protect, Conserve and Restore Forests on Public, Private, And Other

Non- Military Lands
Strategy 3: Improve Fire Prevention, Control, Suppression and Prescribed Fire
Activities through Organizing, Training and Equipping Staff and
Resources.
Strategy 4: Implement a Forest Health Program and Unify Interagency Efforts to
Control Invasive Species
These strategies represent a new approach for Guam Forestry Programs that builds on the
priority geographic areas identified in the assessment. The new approach stresses
increased planning efforts in all program areas, a stegown approach from an island scale
to a watershed and site scale, anthe need for increased resources tduild program
capacity to carry out these strategies.
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Introduction

Guam People an@esources

Guam is the southernmost island in the Mariana Archipelago, Id0@A A AO poJcywd . h
E. It is the largest island in Micronesia, with a land mass of 560 Kpand has a maximum

elevation of approximately 405 m and a total shoreline length of 244 km. Guam is a

volcanic island completely surrounded by a coralline lime®ne plateau. The relatively

flat northern half of the island, which is primarily composed of uplifted limestone, is the

sitedOE A E @rimary adydif€. The southern half of the island has more topographic

relief and is comprised mainly ofvolcanic rock, with areas of highly erodible lateritic

soils. The hilly topography on the southern half of the island creates numerous
watersheds drained by 96rivers.

The climate of Guam is characterized by a dry season that runs fra»ecemberthrough
May, and a wet season fromJunethrough November. The island is located within
O4 UDPET T 1and dvdra§id$d ®0 to 110 inches of rainfall annually which varies
geographically. Temperatures average 81°F annually, with theaolest and least humid
period being December through February

Guam is surrounded by a highly valued reef system that contributes to one of the most

speciesrich marine ecosystems among U.S. jurisdictions. OAT 8 O AT OAT OAAAEA OA
contribute $323 million USD per yearbased on reefbased tourism activities aloneOver

vhpnmn | AOET A OPAAEAO EAOA AAAT EAAT OEZEAA £EOI
1,000 nearshore fish species and ovet00 species ofscleractinianAT OAT 8 ' OAI 8O Of
resources suppot numerous cultural and traditional uses, tourism, recreation, fisheries,

and shoreline and infrastructure protection. Traditionally, coral reef fishery resources

formed a substantial part of the local BamoruAT | | OT EOU8 O AEAO xEEAE EI
invertebrates and sea turtle. The Endangered Species Act of 1973 protects all three

species of sea turtles that inhabit the waters of Guafn

The Mariana Islands was inhabited by seafaring peopleelieved to have sailed from
Southeast Asia at least 4,000 yealsefore the first European explorers. CHamoru culture

4WERI. Digital Atlas of Northern Guam. Retrieved April 202itp://north.hydroguam.net/geographic -
climate.php#:~:text=Daily%20maximums%20and%20minimums%20vary,season%20from%20Ju%20thro
ugh%20November.

5 Guam Coral Reef Resilience Strategy, 2018

6 Guam Wildlife Action Plan, p. 95, 2019
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and society were already established by the time the Europeans arrived in the mid
1500s.” The original settlers brought in plants z rice, breadfruit, sugar cane, bananas,
coconuts and taroz to balance the heavy protein intake of fisl# Guam was claimed by
Spain in 1565 and colonized by Spain beginning in 1668Being on the trade route
between Mexico and the Philippines, islanders mixed with people of Spanish, Mexican and
Filipino heritage. The United States took control of the island in the 1898 Spanish
American war. Guam was taken to strategically provide America a route of commerce
and military resources to Asia&2 During World War Il, Guam was invaded by Japan and
held by Japan for three years. Adt the war, Guamwas established as an unincorporated
territory of the United States10 This long history of war, colonization and occupation has
shaped the natural resourcs of the island,through the introduction of invasive species,
large-scale disturbarces from intensive bombingand military operations, andchanging
resourceexploitation.

Guam is the most heavily populated island in Micronesia, with an estimated population in
2010 of about 159,358!! In 2000, the U.S. Census Bureau predicted the poputaii
growth rate to steadily decrease over the next 50 years, but this estimate did not take into
account the planned movement ofadditional military units to the island. While
preliminary estimates for the U.S. Marine Corps relocation suggested a temporanflux

of an additional 80,000 people, the buildup has been scaled to reduce impa#tsThe
military activity continues to drive population increases and additional development.

Guam's economy depends primarily on tourism, Department of Defense (DoD)

installations, and locally owned businesses. Although Guam receives no foreign aid, it
does receive large transfer payments from the general revenues of the U.S. Federal
treasury into which Guam pays no income or excise taxes.

Vegetation on Guam has been shapdy frequent tropical storms and typhoons, human
caused grassland and forest fires, ungulate rooting, browsing and trampling, mass soil
movements and erosion, nonnative insects and pathogens, invasive weeds, historical

0 AOAUR #Al AOOAS &1 81 Aq, 0AT PI A
Retrieved April 2021,

8 Moore, Darlene MA. Ancient CHamoru Agricultural Practices. Guampedia.
https://www.guampedia.com/ancient -chamorro-agricultural -practices/, Retrieved April 2021,

9 https://www.guampedia.com/american -style-colonialism/

10 https://www.guampedia.com/american -style-colonialism/

11 A 2020 Census was conducted but said data was not available upon completion of this update. Population

data will be updated once made available.
12 Joint Guam Program Office. 2015. Supplemental Environmental Impact Statement: Guam and CNMI

Military Relocation (2012 Roadmap Adjustments). Navy Facilities Engineering Command Pacific.
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military actions, and historical timber harvest. The limestone soils in the north are covered
with forest in areas that are not cultivated or urbanized. The southern part of the island
features rolling to mountainous terrain in the deeply weathered volcanic soils. The volcanic
soils on the saithern half of Guam are covered primarily by grasslands and savannas, with
forest fragments occurring in sheltered and leeward sites.The Government of Guam
Department of Agriculture has primary responsibility for conservation management of
local government conservation lands the Forestry and Soil Resources Division (Guam
Forestry)13is a division of the Department and is the central agency with the responsibility
of protecting and restoring forest ecosystems and soil resources on Guam.

Purpose an&cope

The Guam Forest Action Plan (GFAP) is a tool for Guam to identify the highest priorities
for forest resource management and seek implementation of these strategies wikical
partners and with assistance from the United States Department of Agulture, Forest
Service (USFS).

4EA &1 OAOO ' AGETT o1 AT j&'0Qq EO ET OACOAI
(S&PF) redesign and required as an amendment to the Cooperative Forestry Assistance
Act (CFAA), as enacted in the 2008 and 2010 Fasills. Each State, Territory and Freely
Associated State receiving funds from S&PF programs is required to complete ayihar
update in 2021 to receive funds under the CFAA. The FAP requires two primary
components:

1. State-wide Forest Resource Assessment z provides an analysis of forest
conditions and trends on the island and identifies and delineates priority rural
and urban forest landscapeareas.

2. State-wide Forest Resource Strategy z provides long-term strategies for
investing state, federal, and other reources to manage priority landscapes
identified in the assessment, focusing federal investmertb most effectively
stimulate or leverage desired action and engage multiplgartners; providing a
description of resources necessary for Guam Forestry to addse the statewide
strategy; andaddressingthe national priorities for SP&F.

3y7T OEEO Al AOI AU CEIDATARTOADOOOT OAEAO O1 OEA
Resources Division.
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The FAP provides a basis for subsequent annual grant proposals, as authorized under
several CFAA programs. The redesign deemphasizes progrdayrprogram planning and
emphasizes prgram integration to meet island priorities, which are in turn tied to one

or more broad national themes and objectives. A brief description of the S&PF National
Themes and Objectives is below:

State and Private Forestry National Themes and Objectives

1. Conserve Working Forest Lands
a. Ildentify and conserve high priority forest ecosystems anthndscapes
b. Actively and sustainably managéorests
2. Protect Forests from Harm
a. Restore fire-adapted lands and reduce risk of wildlifempacts
b. Identify, manage and reduce threts to forest and ecosystenmealth
3. Protect and Enhance Public Benefits from Trees
a. Protect and enhance water quality andjuantity
b. Improve air quality and conserveenergy
c. Assist communities in planning for and reducing wildfirerisks
d. Maintain and enhance theeconomic benefits and values of trees arfdrests
e. Protect, conserve, and enhance wildlife and fighabitat

f. Connect people to trees and forests, and engage them in
environmental stewardship activities

g. Manage and restore trees and forests to mitigate and agtato global
climate change

AgenciesndStakeholders

This document provides the technical assessment needed to identify priority landscapes
for implementation of S&PF Programs at the island scale. This section briefly identifies
the key agencies and steholders that have patrticipated or playd major collaborative
roles in the GFAP.

Guam Forestry and Soil Resources Division (Guam Forestry)

The mission of the Forestry & Soil Resources Division (Guam Forestry) is to conserve,
protect and enhance Guam'sagetative environment and sustain the natural resources
which are dependent on healthy forests. The agency works with stakeholders to promote
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healthy and productive forests in both rural and urban areas throughout the island in
partnership with the USDA Feoest Service and other key stakeholders.

USDA Forest Service, State and Private Forestry Program

The State and Private Forestry (S&PF) organization of the USDA Forest Service provides
technical and financial assistance to landowners and resource managettsrough a
variety of programsz Fire Management, Forest Health Program, Forest Legacy Program,
Community Forests and Open Space Program, Forest Stewardship Program and Urban
and Community Forestry Program. The Landscape Scale Restoration Program provides
additional, competitive funding under the authorities of several of the previously
mentioned programs.

YT ¢nmnyh OEA 5838 &I OAOO 3AOOEAA AACAT EI Bl AI
intent of the redesign is to improve the ability to identify the gresest threats to forest

sustainability and accomplish meaningful change in high priority areas. The 2008 Farm

Bill codified the main components of Redesign into law by amending the Cooperative

Forestry Assistance Act (CFAA). The three national themes (listen the Purpose and Scope

section) are now set in law as national priorities and a FAP is required and is central to

S&PF program delivery.

Stakeholder Involvement

Guam Forestry formed the GFAP Advisory Countilparticipate in issue identification and
provide feedback throughout the process. Because Guam is a small community, many of
the stakeholders serve on multiple committees and represented those stakeholder groups
in the GFAP process. Member organizations are listed Table 1 with the detailed list
provided in Appendix I.
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Tablel. Forest Action Plan Advisory Council

Organization

Chamorro Land Trust

Guam Department of Land Mnagement

Guam Department of Agriculture, FSRD/DAWR/BIOSEC/ADS/LES/Animal Health

Guam Bureau of Statistics and Plans

Guam Waterworks Authority

Guam Power Authority

Guam Department of Public Works

Guam Environmental Protection Agency

Guam FireDepartment

Northern Guam Soil & Water Conservation District

Southern Guam Soil & Water Conservation District

University of Guam, Cooperative Extension & Outreach

University of Guam, Water & Environmental Resources Institute of the
Western Pacific(WERI)

Office of the Governor, Guam Military Buildup

The Nature Conservancy

Naval Facilities Engineering Command (NAVFAC)

USDA Natural Resources Conservation Service

U.S. Fish and Wildlife Service
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Conditions and Trends of Forest Resources

Assessment of existing forest conditions provides the foundation for identifying issues and
threats to forests. Native forests of Guam have been extensively altereBome have been
converted to mixed forests of nonnative trees, andsome have been totally ransformed to
grasslands, savannas and barren land$ Given the extensive conversion of forests, the current
condition of the forests is best summarized by accurately identifying where on the landscape
forest communities occur in comparison to norforest vegetation communities, developed
areas and barren areas and what the composition of these communities are.

The assessment of the current conditions is summarized by addressing three aspects of the forest
ecosystem:

1. A description of the distribution of vegeaation communities on theisland,

2. A summary of the major forest health issues and disturbanceaffecting
forests,and

3. Connecting forest health and disturbances with watershedcale effects,
including implications for ridge-to-reef management.

The purposeof this section is to compile the base information, major issues and trends, and
provide context for forest management that provides benefits for watershed processes (Ridge
to-Reef approach).

LandOwnershi& Management

Land ownership on Guam is split bieveen private (53%, 71,093 acres) and public management
entities (47%, 63,238 acres). In the public sector, lands managed by the Department of Defense
(Air Force and Navy lands) incorporate 34,048 acres, or ~25% of Guam. Approximately 1,814
acres are assaoated with National Park Service (NPS) and the National Wildlife Refuge (NWR),
though the Park also manages marine reserve areas offshore of Agat and Piti/Asan watersheds.
Approximately 20% of Guam Island is under local managemenGowernment of Guam
(Gov@Quam), 27,376 acres

The current forest cover conditions were evalated (seeFAP Vegetation Mag pagel6)
and attributed to land ownership (Figure 1). Overall, all ownerships reflect the approximate
distribution of forest cover found on Guam (56,520 acres, or 42%land-wide). GovGuam,

142010 Guam SWARS
Guam Forest Action Plan (2022030) Page |12



National Park Service, and Private Lands all have approximately 4@% forest cover,
reflecting the island-scale average. The DoD lands combined have 46% tree cover entheir
management, with Navy lands slightly below the island average (40%) and Air Force much
higher than the island average (52% cover). The National Wildlife Refuge lands, while
relatively small in a landarea comparison, are mostly forested with 71%ree cover.

M Forested Non-Forested
42,156
" 28,937
o
o
<
16,455
10,921 10,872
8,295 7,646 7,235

j I l 230 324 898 362

GovGuam Air Force Navy NPS Guam NWR Private

Figure 1. The distribution of forest noiforested acres under each major ownership on Guam.

At watershed scaleqsee theWatersheds on Guasection beginning on pagé5s), GovGuanhas

a management presence in all 19 major watersheds, with over of®lf of the land ownership in
five watersheds in westernGuam (Table 2). The DoD has interest in 11 of the 19 watersheds;

private ownership is the majority landowner in all but 5 watersheds(Figure 3).

Privately owned forest lands (forest, agroforest or appropriate for reforestation and
agroforestry) are eligible for Forest Stewardship and noffederal public forest lands (or lands
appropriate for reforestation) are eligible for Forest Stewardship (and Landscape Scale
Restoration) under the Rural Forestry Assistance and Reforestation, Nurseries and Genetic
Resources authorities of the Forest Stewardspiprogram. Therefore, the eligibility area for
Forest Stewardship includes norAfederal lands that are also not water and not urban in Figure
¢ch AT A OEAO A1l ECEAEI EOU AOAA EO OOAI EOOAAN
&1 OAOO 2 A O(GFRAX dséd in the Kokedt Stewardship SMART database and reporting
system. More highly prioritized areas for the use of Forest Stewardship and Landscape Scale
Restoration funding for any given issue or strategy for this Forest Action Plan are shown in
the maps and tables for those issues and strategies.
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Guam - Forestry Stewardship Potential

Map was created by Romina King (UOG/PICASC) for the Guam
Department of Agriculture on 23 September 2020, using ArcGIS
10.6. Map shows a raster dataset created by Romina King,

using the Pacific Islands Vegetation Map for Guam and the federal
lands dataset from ESRI. Values that are '0" are federal lands,

impervious surfaces, or developed open spaces. Values that '1’

are all lands that not federal, not an impervious surface, or

not developed or open space.

- 0 - Ineligible
- 1 - High Potential

10 5 0 10 Kilometers

1:200,000

Figure 2. Guam Forestry Stewardship Potential Map
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Land Ownership
by Watershed Unit

Jaelayag Talofofo

N\ /7
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ABalonso-Dandan
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Figure 3. Land ownership distribution on Guam by watershed un010 SWARS.
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Vegetatbn Maps

This section provides an overview of the geospatial data used to estimate vegetation
coverage d Guamfrom 2005 to the present.

Background of Vegetation Mapping using Satellite imagery on Guam

)T ¢mmuh OEA EOI AT A6 O g BANDS Grid IQUickdirdibagerydo® A OA A
Guam by the U.S. Forest Servige In 2009 the National Oceanic and Atmospheric
Administration (NOAA) produced general landcover maps of the Marianas Islands (including

Guam, using Quickbird imagery as part of their CoadtChange Analysis Program (CCAP).

NOAA has CCAP landcover data for Guam for 2005, 2011, and 2016. In 2014, the Forest

Service and NOAA teamed up on an updated classification of Guam using 2012 Worldview 2
imagery.

In 2016, Amidon et al (2017) augmentd the 2014 Pacific Islands Vegetation Map from the
USDA Forest service. They used a composite of three satellite images, consisting of World
View 3 (19 January 2016 & 16 August 2017), World View 2 (09 June 2017 high-resolution
digital elevation model (DEM) and a digital surface model (DSM) derived from the 2@
LIDAR dataset (Amidon et al. 2017). Amidon et al. (2017) focused on delineating vegetation
types, such as Vitex, Bamboo, Hibiscus, to update the 2014 Pacific Islands Vegetatiap.M
Due to a lack of field survey data, Amidon et al. (2017) were unable to ground truth their
classification scheme and instead, conducted a visual accuracy assessment using- pan
sharpened satellite imagery. Amidon et al. (2017) also provided a usefulbia outlining the
relationships between USDA Forest Service and NOAA CCAP landcover classifications

Stakeholders

The detailed vegetation map of Guam by Li& Fischer(2006) was used to identify broad
stakeholder issueqFigure 31). Liu &Fischer (2006) co-developedthis map (Figure 31).with
USDA Forest Service andsed IKONOS imagery frm 2003-2004, as well asfield data
collected in June 2004 and March 20Q5Categories of vegetation display includetimestone
forest, ravine forest, scrub forestacacia plantation,Casuarina thicket (ironwood stands),
palma brava grove,Leu@enastand (tangantangan), coconut plantation, wetland, savanna
complex, strand vegetation, agricultural field, urban cultivated, urban buildip, water, and
barren areas Figure 31). The following categories were not included: bddnd, mangrove
swamp, marsh land, other shrub/grass, sand beach/bare rocKgigure 31).

15 (Liu and Fischer 2006)
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Stakeholders expressed that they wished to see additional subcategories of fste
particularly, vitex and bamboo. The Guam Department of Agricultuneill share a modified

version of Amidon etalj ¢cmmpx Q8 O AAOAEI| KiBureD)AatA sinkebdiers. 1 AD
Figure 7 will replace Figure 31. Dr. Romina King, from the Pacific Islands Climate Science
Center will be providing geospatial analysis support and is currently doing land change
analysis between 2006, 2014, and 2017 vegetation maps. Preliminary results have been
included in this document.

Updated vegetation delineation for the island of Guam based on 2016 WorldView 2 imagery

and the 2014 Forest Service/NOAA vegetimn map of the islandincludes generalFigure 6)

and detailed (Figure 7) vegetation categorieswhich are crossreferenced with landcover

AAOACI OEAO A1 O ./1180 ##!' 0 AMADOAEEAAOEAT O Al ,
(Table 2).
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Table2. Vegetation and Landcover mapping categories used in 2016 Guam Vegetation Map and relationships to 2005, 2011,

& 2016 NOAA CCAP and the 2008DA Forest Servitand classification schemes. Reprinted from Amidon e{2017)

General 2016

Detailed 2016

NOAA CCAP (2005,
2011, & 2016)

USDA Forest Service
2006

Developed, High,

Developed Medium, and Low Urban and Builtup
Intensity
Developed Developed Urban Vegetation/Urban
Vegetation Developed, Open Space Cultivated
Agriculture Cultivated Crops lcztiggland/Agrlculture
Bare Rock Barren/Sandy Beach/Bare
Barren .
Bare Soil/Gravel Barren/Sandy Beach/Bare
Sand Unconsolidated Shre Rocks
Mixed
Other Shrub and Grass
Grass/Herbaceous Grass/Herbaceous Grassland/Herbaceous
Grassland Savanna Complex
Coastal Scrub Strand/Strand Vegetation
Scrub/shrub Scrub/Shrub
Scrub/Shrub Other Shrub and Grass
Bamboo Thicket Evergreen Forest, Mixed Introduced Forest
Hibi Thicket Palustrine Forested, (Native) Limestone Forest,
IDISCUS Thicke Scrub/Shrub Wetland Ravine Forest
Leucaena
LeucaenaThicket Leucocephala/Leucaena
Stand
Acacia Forest Mixed Introduced
Forest/Acacia Planation
Casuarina Forest Casuarina Thicket
Forest Evergreen Forest Agroforest -
Coconut Forest Coconut/Coconut
Plantation
Vitex Forest Mixed Introduced Forest
Mixed Introduced Mixed Introduced
Forest Forest/Scrub Forest
Native Limestone (Native) Limestone Foest
Forest
. . Evergreen Forest,
llzlg:levset Volcanic Palustrine Forested, Ravine Forest
Scrub/Shrub Wetland
Emergent Wetland FENEHITE, [ESMETE Wetland/Marsh Land
Emergent Wetland
Wetlands/Water Estuarine Forested,
Mangrove Wetland Scrub/Shrub Wetland Mangrove Swamp
Open Water Open Water Water

GFAP Vegetation Map
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Description of Forests and Vegetation Types

According to the2014 Guam Pacific Islands Vegetation M&p(Guam PIVM), approximately

41% of the area on Guam has tree cover, either recognized aseft types or as individual

tree fragments; 19% is developed or mixedise areas; 18% of the landscape is in neforest
vegetation community types; 9% are cultivated crops and unconsolidated shore; 3% are
wetland vegetation communities; and 2% is identiid as bare ground Table 3. The 2014
Guam PIVM has detailed landcover data classified using a NOAA CCAP scheme as well as
PIMV scheme(Figure 5 and Table3). Table 3displays the 2014 Guam PIVM detailed land
cover, using the NOAA CCAP classification scheme and respective areas. Based on guidance
from Department of Agriculture, these categories wereaggregated into general

subcategories [able 4) andmapped (Figure 4).
Table3: Area (s&m) of detailed landcover categories of the 2014 Pacific Island Vewetaap of Guam.

Landcover Category 2014 Area (sgkm) Percentage (%)
Bare Land 11.22 1.88
Developed, Open Space 58.90 9.89
Impervious 52.55 8.83
Estuarine Emergent Wetland 0.03 0.00
Estuarine Forested Wetland 0.48 0.08
Estuarine Scrub/Shrub Wetland | 0.27 0.05
Palustrine Aquatic Bed 0.01 0.00
Palustrine Emergent Wetland 3.92 0.66
Palustrine Forested Wetland 9.73 1.63
Palustrine Scrub/Shrub Wetland | 1.90 0.32
Evergreen Forest 246.50 41.41
Scrub/Shrub 46.82 7.86
Grassland/Herbaceous 107.57 18.07
Pastire/Hay 0.11 0.02
Cultivated Crops 2.36 0.40
Unconsolidated Shore 0.16 0.03
Open Water 52.78 8.87

16 hitps://www.fs.usda.gov/internet/FSE_ DOCUMENTS/stelprd3821659.zim
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Table4: Area (s&m) of General Landcover Categories of the 2014 Pacific Island Vegetation map of Guam

Percentage
Landcover (Detailed) 2014 Landcover (GeneralR014 Area (sgkm) (%)
Bare Land Bare Land 11.22 1.88
Developed, Open Space Developed Land 111.46 18.72
Impervious

Estuarine Emergent Wetland
Estuarine Forested Wetland
Estuarine Scrub/Shb Wetland
Palustrine Aquatic Bed Wetlands 16.33 2.74
Palustrine Emergent Wetland
Palustrine Forested Wetland
Palustrine Scrub/Shrub Wetland

Evergreen Forest Forest 246.50 41.41
Scrub/Shrub

Grassland/Herbaceous Shrub and Grassland 154.50 25.95
Pastue/Hay

Cultivated Crops Other 252 0.42
Unconsolidated Shore

Open Water Open Water 52.78 8.87

According to the 2014 Guam PIVM, approximately 41% of Guam is forested (246.5 sq km);
26% is shrub and grassland (154.50 sq km); 19% is developed lanti1.46 sq km); 2% is
bare land (11.22 sq km), 3% are wetlands (16.33 sg km); less than 1% is cultivated crops
and unconsolidated shore (2.52 sq m); and 9% is open water (52.78 sq. knTyaple 4and
Figure 4).

The 2016 general landcover scheme is slightly different from the 2014 PIVM. Thus, slight
modifications were made and the 2016 general landcover was customized to match the

general landcover categories for 2014In order to compare the two datasets, sme of the

2016 detailed categories had to be regrouped into the appropriate general landcover, to be

consistent with 2014 (Table 5. Nomenclature shifed between 2014 and 2016 when
referencingironwood (Casuarina)and tangantangan(Leucaena)vegetation landcover. The

¢npt Al AOOEZEAAOQCEI T O OAZEAOAT AA O)OT T x11T A6 AT A
Al AOGOEZEAAQEIT T O 1 EOO ECubudrinab | Alledchefd DADKEAD ODADEQ,
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Table5: 2014 Detailed and Geral Landcover as it relates to 2016 Detailed and General Landcover classifications

Landcover (Detailed) 2014

Landcover (General)
2014

Landcover (General)
2016

Landcover (Detailed) 201¢

Bare Land

Bare Land

Bare Land

Bare Rock

Bare Soil/Gravel

Developed, Open Space

Impervious

Developed Land

Developed Land

Developed

Developed Vegetation

Estuarine Emergent Wetlan

Estuarine Forested Wetlan(

Estuarine Scrub/Shrub
Wetland

Palustrine Aquatic Bed

Emergent Wetland

Acacia Plantation

Ironwood Stanéf

_ Wetlands Wetlands
Palustrine Emergent

Wetland

Palustrine Forested Wetlani Mangrove Wetland

Palustrine Scrub/Shrub

Wetland

Evergreen Forest Bémboo ThI.Cket

Hibiscus Thicket

Scrub Leucaend hicket
Limestone Primary AcaciaForest
Ravine Casuarindorest
Tangantangaff Forest Forest Coconut Forest

. Remnaﬁ?sconut Plantation Vitex Forest

Mixed Introduced Forest

Native Limestone Forest

Native Volcanic Forest

Scrub/Shrub

Mixed Grass/Herbaceous

G land/Herb G land
rassland/rerbaceous Shrub and Grasslang Shrub and Grasslan rassian
Pasture/Ha Coastal Scrub
y Scrub/Shrub
Cultlvateq Crops Other Other Agriculture
Unconsolidated Shore Sand
Open Water Open Water Open Water Open Water
enpt OACAOAOGEI 1T A£ECOnadéntadghrdh ©OBAOADOOAKEAQ@ADABAOADET T Al

referencetangantanganA U O E A Lanudaén® $pp. 8 O i
gnpt OAGCAOAOEI T AECOOAOC AT A OAAI AO OAAEAOAT AR O) 011 xI 1
reference ironwood by the genuO# AOOAOET A6 8
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2014 General Vegetation Map
of Guam

Map was created by Romina King on 04 August 2020.

Datasets used were the Pacific Islands Vegetation Map (PIVM)

for Guam 2014, created by the USFS in conjunction with

NOAA CCAP. Watershed basins and rivers datasets were

downloaded from http://hydroguam.net. PIVM dataset is available at
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3821659.zip)

- BareLand
- Developed
- Forest

Grassland
Wetlands
l '~ Other

- OpenWater
l: watersheds

Rivers

0 2.5 8 10 Kilometers
I T TN N AN TN N M |

Figure4: 2014 General Vegetation Map of Guam
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2014 Detailed Vegetation Map of Guam

Map was created by Romina King on 04 August 2020.
Datasets used were the Pacific Islands Vegetation Map
for Guam 2014, created by the USFS in conjunction with
NOAA CCAP.

- Impervious

Developed, Open Space

Cultivated Crops
Pasture/Hay
Grassland/Herbaceous
[ scrubrshrub
- Palustrine Forested Wetland
- Palustrine Scrub/Shrub Wetland
- Palustrine Emergent Wetland (Persistent)
- Estuarine Forested Wetland
- Estuarine Scrub/Shrub Wetland
Estuarine Emergent Wetland

Unconsolidated Shore

- Barren Land
- Open Water

- Palustrine Aquatic Bed
- Limestone Primary Forest

’ . s : I Ravine Forest
- Scrub Forest

Tangantangan Thicket

- Coconut Plantation and Remnants

" | d Stand
0 25 5 10 Kilometers B rronwood Stan
T T Y N N SN N Acacia Plantation

Figure5. 2014 Detailed Vegetation Map of Guam.
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2016 General Vegetation Map

of Guam

Map was created by Romina King on 29 December 2020 for the
Guam Department of Agriculture. 2016 Landcover dataset used
was created by Amidon et al (2017) and available at

https://www.sciencebase.gov/catalog/file/get/599647cae4b0b589267a0a99?f=
_ disk__85%2F05%2F3c%2F85053ccac193edad57ccOdebbecaefbdfd9e84as.

Watershed dataset is available at hydroguam.net.

0 2.5 5 10 Kilometers

Figure6. 2016 General Vegetation Map of Guam.
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2016 Detailed Vegetation Map of Guam

Map was created by Romina King on 29 December 2020 for the

Guam Department of Agriculture. 2016 Landcover dataset used

was created by Amidon et al (2017) and available at
https://www.sciencebase.gov/catalog/file/get/599647cae4b0b589267a0a99?f=
_ disk__85%2F05%2F3c%2F85053ccac193edad57ccOdebbecaefbdfd9e84as.
Watershed dataset is available at hydroguam.net.

Detailed Vegetation

- Bare Soil/Gravel
- Native Limestone Forest - Coastal Scrub

- Leucaena Thicket - Scrub/Shrub

Native Volcanic Forest Developed
Bamboo Thicket Developed Vegetation

Coconut Forest - Agriculture

- Casuarina Forest Grassland

Acacia Forest Mixed Grass/Herbaceous
I ibiscus Thicket I emergent Wetiand

Vitex Forest Mangrove Wetland
- Mixed Introduced Forest - Sand

Bare Rock - Open Water

0 2.5 5 10 Kilometers

Figure7. 2016 Detailed Vegetation Map of Guam.

Guam Forest Action Plan (2022030) Page |25



2014 Evergreen Forest of Guam

Map created by Romina King on 18 December 2020 for
the Department of Agriculture. Dataset used was
the 2014 Pacific Islands Vegetation Map available at

https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3821659.zip.

10 Kilometers

Figure 8. 2014 Forest bGuam.
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2016 Evergreen Forest of Guam

Map was created by Romina King on 29 December 2020 for the

Guam Department of Agriculture. 2016 Landcover dataset used

was created by Amidon et al (2017) and available at
https://www.sciencebase.gov/catalog/file/get/599647cae4b0b589267a0a99?f=
__disk__85%2F05%2F3c%2F85053ccac193edad57ccOdebbecaefbdfd9e84a8.
Watershed dataset is available at hydroguam.net.

Forest Category
- Mixed Introduced Forest

- Native Limestone Forest

Native Volcanic Forest

- Leucaena Thicket

Coconut Forest

TALOFOFO
~

% £

SCETT

Vitex Forest

- Acacia Forest

Bamboo Thicket

- Casuarina Forest
B Hibiscus Thicket
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AN I A N N N O N

Figure9. 2016 Forest of Guam.
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Change ifrorested Communitig2014 vs 2016)

Figure 9 provides the most current availabledetailed classification] £ ' OAT 6§ 0 %OAOCO!/
Forest, fhowcasing the subcategories ahative limestone primary, scrub forest,

tangantangan?, ravine forest, coconut plantationacacia plantation, and ironwood

stands?0 Areas for eachof theseevergreen subcategoies are estimated inTable6. Total

forest cover for Guam in 2016 is estimated to be 240 sq kifTable6). Figure 8 depicts

" OAT 60 AOAOCOAAT EhpprdxintelE6139 sgkmdessevedgied fordst E O

in 2016 than 2014 (Table6). For eacHorest category, percentage change was calculated in

the final column of Table 6. There were positivepercentagegains (depicted in green) in

scrub forest (+4.6); very minor gains intangantangan (Leucaena (.01), coconut (.9), acacia

(.02), and ironwood (Casuaring (Table6). There were decreases in native limestone forest

(-4.42%) and native volcanic forest {1.1%).
Table6. General comparison of 2016 and 2014 areas of the subcategories of 'evergreen' forest on Guam.

Amidon et al. 2016 Guam PIVM2014 Change
Area Percentage | Percentage Area | Percentage| (%)
Forest Type (sqkm) %) %) Forest Type (sqkm) (%)
Mixed Introduced
Forest (Scrub) 115.32 48.04
Vitex Forest 9.07 3.78
52.5 Scrub 118.05 47.9 4.6
Bamboo Thicket] 1.19 0.49
Hibiscus Thicket 0.46 0.19
Native Limestone 52.52 21.88 2188 | Limestone 64.81 26.3 -4.42
Forest Primary
Native Volcanic Fore§ 34.71 14.46 14.46 Ravine 38.37 15.57 -1.11
Leucaena Thicket 19.89 8.28 8.28 Tangantangan| 20.38 8.27 0.01
Coconut
Coconut Forest 5.44 2.27 2.27 Plantation& 3.37 1.37 0.9
Remnants
Acacia Forest 0.88 0.37 037 |Acacia 0.87 0.35 0.02
Plantation
Casuarina Forest 0.59 0.25 azs | omnEsE 0.6 0.24 0.01
Stand
Total 240.06 246.45
wempt OAGAOAOGEI 1 AEGCOOAOG AT A OAAI AO OAEAOAT AA 04A1 GCAT O,
referAT AA OAT CAT OAT QAucaerasppBEA CAT OOh O o o
2o¢cmpt OACAOAOET T MEECOOAOG AT A OAAT AO OAEAOAT AA O) O1T 1 xI1 1,
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Mixed forests are moderately dense, with a collection of understory shruylbvine and fern
species, along with germinating and young trees. Forest types are relegated to ravines,
sheltered depressions and river drainages in southern Guam, and on limestone soils in
northern Guam. Major species includePandanustectorius, P. dubus, Ficus prolig,
Phyllanthusmariannensis Areca catechu, Premna&erratifolia, Cocos nuciferaand in some
areas, Artocarpus mariannensis, Cananga odorata, Ochrosia oppositifolachrosia
mariannensis, Calophyllum inophiyim, Hernandia labyrinthica Vitex parviflora, Spathodea
campanulata, Tabebuiapeciesand Bambusa vulgaris Species richness drops toward the
forest edges as this forest type transitions out of ravinesnd into upland savanna or
grasslandenvironments.

« Secondary Forest. Lower edges of slopes above forested valleys and ravines that
generally have a border of thickets of native and introduced woody species. These
secondary forests are composed of dense, lestature thickets with low species
diversity, or are composed of a single species. This community contains both
thickets dominated by the introducedLeucaena leucocephaland thickets of the
native Hibiscustilliaceus. Areasdominated by Pandanugectorius (P.fragrans), and
bamboo, common at forest edgemay be included in this mappinginit.

For purposes of the 2014 and 2016 General Vegetation Maps of Guam, forest environments
ATTOT 1T EAAOHABO OA&I OAOOG

Non -Forest Communities

The non-forest communities in 2016 Detailed Vegetation Map of Guangure 7) are
further elaborated below:

¢ Savanna Communities with Trees: Savanna lands with mid to tall structure
grasses and scattered tree specieBandanus tectorius Casuarina equisetifolia,
and Cerberaodollam may be present.

e Savanna with Shrub Component: Savannawith scattered, generally short
stature native shrubs. The most abundant shrub iScaevola taccadawith the
endemicPhyllanthus mariannensisTimonius nitidusand Myrtella bennigseniana
Wikstroemia elliptica and Geniostoma rupestremay also be found in his
association This complex is notable as the habitat for the endangered savanna
species,Phyllanthus saffordii and Hedyotis megalanthaln some locations, the
endangered shrubEugenia bryaniimay be present.

e Savanna with Low Grass: Mostly open savama types as described above
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with little tree cover. Mid- to low-grass structures dominate. Dimeria
chloridiformis is a short statured(< 0.5 m) endemic soft lowgrowing bunch
grass covered with silvery hairs.Dimeria grows in scattered clumps and is
often mixed with other speciescomplex occurs within low-grass savanna
areas which are often associated with rare and listed savanna speciaaking
the management and protection of these areas essential for the recovery of
rare and listed species

e Eroded Savanna:Low grass structures and bare soils are interspersedlith
OA1l OOOAOGe 1T &£ | OEAO OAOGATT A OUDPAOS8 %w@bAlT O
to bare soil areas will require focused soil improvement treatments. Areas of
unusually high species diversiy can be found in these "clusters" and offer good
sources for propagating and direct expansion of native vegetation into
neighboring types. Endangered savanna plant species are often found at the
edges of eroded aregsPhyllanthus saffordiiparticularly seems to colonize the
areas immediately adjacent to badland scars

¢ Tall Grass: This community type is dominated by tall grasses, especially the
native Miscanthus floridulus a 23m tall, flammable coarse candike grass called
neti or swordgrass. Also, m moist communities, this type also contains
Phragmitesmarshes; these types are generally monospecific dense patches of
Phragmites karka a 25m tall grass growing densely in moist depressions (seeps,
springs) and along shallow waterways in opemreas.

e Mixed Grass: Mixed grass communities are dominated by low to medium
stature (generally <1m tall) grasses such as the introduceBennisetumspp.,
Paspalumspp., andDichanthium bladhii Pennisetumgenerally grows admixed
with other grasses, sedges and shbs, while Dichanthium bladhii forms
extensive, dense, almost monospecific stands on upper slopes. Some fern and
herb specieqe.g. Stachytarpheta jamaicensisHyptiscapitata) also occur within
the grass community Dimeria grasslands are also include in this type.Dimeria
grows in scattered clumps and is often mixed with other species such as the
native Lycopodium cernuumMiscanthus andinvasive Pennisetumspp. Dimeria
favors level to gently rolling terrain and often occurs with other grases on
slopes.Dimeria meadows generally occur on more level ground where erosion
is not ashigh and where there may be some relief from firgin areas with
frequent wildfires, Dimeriameadows seem to be replaced bichanthium.

Guam Forest Action Plan (202€2030) Page |30



Other Cover Types

Cover types that did not focus on vegetation profiles are included in the 2016
GeneralVegetation Map of GuanfFigure 6 and Table4). These types included bare
ground, developed lands, open water, etcSignificant types are describedbelow:

¢ Bare Ground. Areas designated as Badlands were used to characterize exposed
soils on the landscape. These are typified by mosthare soil, with exposed €
horizon, saprolite or hard bedrock and very little vegetation. Some areas have
early successional vegetation, principallyGleicheniaand Lycopodium cernuum
Vegetation occurring on erosion scars of red soils differs somewhat frothose
on grey soils. This classification was also used to identify signatures of exposed
soils between trees, grasses, and other classifications.

¢ Development. Areas of development wereestimated to be18.7246 of total land
area(Tabled).

e Other Types: Open water and other designations with low confidence were
consolidated. Few instances were lumped into thisategory.
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Characterization o  f Vegetation A ccording to Watershed

The major watersheds of Guam were divided into three groups: westerrgastern, and
northern regions to capture the major changes in soils and topographgTable 7). The
western and easten watersheds are mostly relegated to southern Guam. Further discussion
on the delineation of watersheds and watershed groups is described in thW&Watersheds on
Guamsection. Using 2016 General Landcover geospatial dataset of Amidon et al. (2017)
(Figure 6), areas of each category were calculated for each watershed and graphesl
percentages of total area of the watershe(Figure 10).

Most developed areas fall in the Northern Region (Northermdgana, and Mangilao) and
least amount of development occurs in the western and eastern watershedgaple 7). Non-
forested cover is mostly found within the western and eastern watersheds of southern
Guam; on average, these watershedave 45% of the land area in nofiorested cover
(Table7).

Developed cover types were predominantly found in the northern watersheds, and the
western watersheds beginning in Agat and extending to the North and Ylig in the East.
Overall, between 20% and 50% of the land area within these watershedse developed
(Table7, Figure 10).

The highest proportions of forest lands were found in the Northern, Mangilao, and Talofofo
watersheds; combined these three watersheds contain 59% ail the forest cover of Guam
(Table7, Figure 10). This is of particular importance as they also contain the majority of the
proposed military buildup lands (seeThreats to Forests from the Military Buildip p74).
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Figure 10. Bar graph showing the 2016 percentage of area landcover within each watershed. Data depicted grdpé are derived from the geospatial dataset éfmidon et
al. (2017).
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Table7: Area of general landcover within each watershedataset used is from Amidon et al. (2017)
Region Watershed Landcover General 2016 Area Percentage
(sgkm)
Bare Land 0.57 2%
Devdoped Land 8.47 24%
Forest 20.14 57%
MANGILAO Open Water 0.07 0%
Other 0.12 0%
Shrub/Grassland 6.00 17%
Wetlands 0.13 0%
Bare Land 2.84 2%
Developed Land 54.67 30%
c Forest 97.22 53%
g NORTHERN | Open Water 0.33 0%
2 Other 1.61 1%
Shrub/Grassland 25.29 14%
Wetlands 0.02 0%
Bare Land 0.24 1%
Developed Land 18.04 51%
Forest 11.95 34%
AGANA Open Water 0.03 0%
Other 0.06 0%
Shrub/Grassland 4.12 12%
Wetlands 0.84 2%
Bare Land 0.18 2%
c Developed Land 2.88 28%
% AGAT Forest 4.32 42%
g Open Water 0.05 0%
Other 0.05 1%
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Shrub/Grassland 2.46 24%
Wetlands 0.27 3%
Bare Land 0.92 3%
Developed Land 9.10 27%
Forest 12.84 38%
APRA Open Water 0.19 1%
Other 0.04 0%
Shrub/Grassland 9.50 28%
Wetlands 1.00 3%
Bare Land 0.28 4%
Developed Land 0.10 1%
Forest 1.68 22%
CETTI
Open Water 0.02 0%
Other 0.01 0%
Shrub/Grassland 5.72 73%
Bare Land 0.04 1%
Developed Land 1.61 25%
Forest 3.05 48%
FONTE Open Water 0.00 0%
Other 0.01 0%
Shrub/Grassland 1.65 26%
Wetlands 0.01 0%
Bare Land 0.06 1%
Developed Land 0.41 9%
Forest 2.10 46%
GEUS Open Water 0.00 0%
Other 0.00 0%
Shrub/Grassland 1.86 41%
Wetlands 0.11 2%
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Bare Land 0.20 2%
Developed Land 0.38 3%
Forest 4.48 35%
MANELL Open Water 0.03 0%
Other 0.13 1%
Shrub/Grassland 7.29 58%
Wetlands 0.11 1%
Bare Land 0.07 1%
Developed Land 1.83 23%
Forest 291 36%
PITI-ASAN Open Water 0.02 0%
Other 0.04 1%
Shrub/Grassland 3.18 39%
Wetlands 0.01 0%
Bare Land 0.37 6%
Developed Land 0.50 7%
Forest 1.73 26%
TAELAYAG Open Water 0.01 0%
Other 0.02 0%
Shrub/Grassland 4.01 60%
Wetlands 0.03 0%
Bare Land 0.06 2%
Developed Land 0.17 5%
Forest 0.82 22%
TOGUAN Open Water 0.01 0%
Other 0.05 1%
Shrub/Grassland 2.52 69%
Wetlands 0.02 1%
UMATAC Bare Land 0.07 1%
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Developed Land 0.33 3%
Forest 3.75 38%
Open Water 0.03 0%
Shrub/Grassland 5.69 57%
Wetlands 0.02 0%
Bare Land 0.64 2%
Developed Land 6.58 16%
Forest 18.50 45%
YLIG Open Water 0.19 0%
Other 0.19 0%
Shrub/Grassland 14.48 36%
Wetlands 0.17 0%
Bare Land 0.42 2%
Developed Land 0.98 6%
Forest 8.45 50%
DANDAN Open Water 0.06 0%
g Other 0.56 3%
g Shrub/Grassland 6.37 38%
Wetlands 0.09 1%
Bare Land 1.18 5%
Developed Land 0.83 4%
Forest 7.13 32%
INARAJAN Open Water 0.08 0%
Other 0.19 1%
Shrub/Grassland 12.87 57%
Wetlands 0.26 1%
Bare Land 0.54 2%
PAGO Developed Land 3.01 11%
Forest 10.96 41%
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Open Water 0.15 1%
Other 0.05 0%
Shrub/Grassland 12.26 45%
Wetlands 0.08 0%
Bare Land 0.62 3%
Developed Land 0.06 0%
Forest 7.97 41%
UGUM Open Water 0.05 0%
Other 0.02 0%
Shrub/Grassland 10.81 55%
Wetlands 0.10 1%
Bare Land 1.06 2%
Developed Land 3.41 6%
Forest 28.91 48%
TALOFOFO Open Water 0.91 1%
Other 0.26 0%
Shrub/Grassland 25.81 42%
Wetlands 0.41 1%
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Forest Inventory Analysis (FIA)

The information presented in this section is drawnfrom a forest inventory analysis (FIA)
conducted by the U.S. Forest Service in 202BForty-eight plots spaced uniformly at 1.9mile
intervals in a hexagonal grid were sampled over the entire island={gure 11). In addition, 67
plots were sampled by the Micronesia Challenge (MC) in 2013 using similar methodology, but
with a focus on protected conservation areas in northern Guam and in ravine forests in

southwestern Guang?

@ Plot locations

Vegetation
Barren

B Forest

[ Rangeland

[] Urban

M Water

Figure11. Map of Guam showin@tation of Forest Inventory and Analysis (FIA) plots, and plots sampled by the Microrf@sian
Challenge (MC) in 2023

21 (Lazaroet al. 2020)
22 (Micronesia Challenge 2019)
23 Figure 14 is only a representation of the FIA grid plots and the overlay used across the islands.

24 (Lazaroet al. 2020; Micronesia Challenge 2019.
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Forest Structure

Important factors in forest structure are tree species, diameter, height, and presence of

damage. The FIA and MC forestventories of 2013 identified 64 tree species on Guam

(Table 8). The five most prevalent species weréeucaena leucocephala, Hibiscudiiteus,

Triphasia trifolia, Meiogyne cylindrocarpaand Vitex parviflora. There was a total of 74

million trees estimated to be on Guam in 2013.

Table8. Estimated number of trees on Guam by spe&es

Tree Names Micronesia Challenge Area Outside Micronesia Overall
Challenge Area (FIA)

Sdentific Englisht/ CHamor# Subtotal SE Subtotal SE Total SE
Leucaena leucocephala  tangantangan 4,459,705 2,171,776 6,302,290 1,817,474 10,761,995 2,689,749
Hibiscus tlliaceus pagu 1,578,467 869,145 7,805,348 1,786,613 9,383,814 1,985,109
Triphasia trifolia limeberry, lemon di china 1,697,407 1,349,782 7,243,737 5,283,780 8,941,143 5,435,135
Meiogyne cylindrocarpa  paipai 5,200,278 1,853,394 3,268,481 1,420,873 8,468,759 2,318,477
Vitex parviflora vitex 1,351,624 853,922 3,601,971 1,282,622 4,953,595 1,518,022
Morinda citrifolia Indianmulberry, lada, noni 611,713 328,651 2,866,450 1,029,824 3,478,163 1,055,177
Ochrosiaoppositifolia fagot 931,834 944,842 2,033,735 1,072,194 2,965,570 1,429,100
Premnaserraifolia ahgao 531,183 291,923 2,130,232 816,616 2,661,415 848,394
Heterospathe elata palma brava 14,809 11,000 2,307,962 1,150,560 2,322,771 1,149,858
Aglaia mariannensis Mapunyao 2,287,016 1,406,335 - - 2,287,016 1,406,335
Averrhoa bilimbi pickle tree pikols 836,046 631,612 1,355,450 1,058,491 2,191,497 1,210,989
Casuarina equisetifolia ironwood gagu 81,838 120,515 1,495,881 880,929 1,577,719 888,275
Cocos nucifera coconut palmniyok 275,301 149,756 907,506 307,845 1,182,807 340,068
Cananga odorta ilang-ilang - - 1,019,825 785,866 1,019,825 785,866
Pandanus tectorius pandanuskafu 212,153 151,210 769,035 207,657 981,188 256,099
Adenanthera pavonina red bead treekulalis - - 883,076 680,588 883,076 680,588
Annona muricata soursop laguara - - 637,128 353,797 637,128 353,797
Ochrosia mariannensis lipstick plant langiti 539,821 663,350 - - 539,821 663,350
Bauhinia monandra orchid tree mariposa -- - 509,913 398,198 509,913 398,198
Mammea odorata Chopak 318,810 703,193 187,240 146,218 506,050 718,234
Calophyllum inophyllum palomaria d a6 o0 k -- - 403,301 229,116 403,301 229,116
Ficus tinctoria hodda, tagete 32,377 55,319 348,576 251,829 380,953 257,833
Tarenna sambucina sumaelada 194,056 467,103 161,336 125,990 355,393 483,796
Cycasmicronesica fading, federico 326,773 158,298 25,903 13,959 352,677 158,912
Areca catechu betel nut palmpugua 184,469 293,102 137,202 62,558 321,671 299,704
Eugenia reinwardtiana ababang 247,966 319,511 -- -- 247,966 319,511
Mangifera indca mangqQ manga -- - 220,179 161,661 220,179 161,661

25 (Lazaro et al. 2020; Micronesia Challenge 2019)
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Melanolepis
multiglandulosa
Annona reticulata

Chrysophyllum caimito
Maytenus thompsonii
Spathodea campanuéat
Pisonia grandis

Ficus prolixa
Scaevoldaccada
Tristiropsis obtusangula
Macaranga thompsonii
Artocarpus altilis
Eugenia thompsonii
Intsia bijuga

Cestrum diurnum
Hernandia Sonora
Cordia subcordata
Psychotria mariana
Dendrocnide latifolia
Artocarpus mariannensis
Cynometra ramiflora
Barringtonia asiatica
Schleinitzia fosbergii
Phyllanthus mariannensis
Averrhoa carambola
Eugenia palumbis
Pithecellobium dulce

Pandanus dubius

alom

custard appleannonas
star applekaimito
luluhut

African tulip tree
grand d e unumw
banyan, strangler fighunu
half-flower, nanasu

faia

pengua

breadfrut, lemmai

atoto

ifit

inkberry, tintan-china
nonak

niyoran

aploghating

katot

seeded breadfryidukduk
gulos

fish kll tree, puting

native tangantangan
Chogo, abas duendes
star fruit, bilimbines
agatelang

kamachile

pahong

23,132

41,937
161,336
154,013
7,703
92,427
77,006
10,785
69,331
3,714
63,917
21,570
57,755
54,536
53,924
46,207
44,666
4,938
41,585
38,855
14,498
23,132
20,792
18,570
2,705

53,875

30,783
125,990
326,649

7,915

86,886
185,358

19,095
64,832

5,909
78,381

19,023
102,693
100,606
72,547
67,356
93,081

6,753
92,659
30,343
40,245
53,875
46,405
43,250

4,918

174,288

155,421

136,104

88,724

197,421

197,357
161,336
154,013
129,517
98,366
92,427
77,006
75,543
69,331
68,473
63,917
60,425
57,755
54,536
53,924
46,207
44,666
43,794
41,585
38,855
38,855
26,133
23,132
20,792
18,570
15,656

146,379

92,026
125,990
326,649

66,653

71,240
86,886
185,358
54,056
64,832
41,653
78,381
35812
102,693
100,606
72,547
67,356
93,081
17,980
92,659
30,343
30,343
41,373
53,875
46,405
43,250
11,247

An important feature of forest structure is the proportion of small, medium, and large trees in

an area. A basic unit of measurement for determining these proportions is tree diameter at

AOAAOO EAEGEO
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~

The majority of trees on Guam are characteristically small with a DBH ranging from one to

three inches (Figure 12), with very few trees exceeding a DBH of 13 inchesnd most tree
heights between 1524 ft (Figure 13).
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Figure 12. Estimatd number of live trees by diameter class

Figure 13. Estimated number of trees by height (ft) on Guam. 2013

Observed Trends in Forest Cover

4EA Oxi OAI EAT O OOAT AO OEOI OCET OO OEA OAAT OAAA
native trees and an increase in introduced treesGuam was a primarily forested environment

before human contact?” The pollen record indicates Guam was an entirely forested landscape

from 9300 years to about 4300 years calibrated years before present (BP) Change to the

forests began when Bamoru voyagersarrived, and the appearance of charcoglarticles began

to appear in the pollen record?® Grass and pollen concentrations also significantly increased

in the pollen record at this time. Additionally, a transition from native to introduced species

accelerated through the Spanish, Japanese,dfimerican colonial periods. WWII had an
AOPAAEAI T U POTTT O1T AAA Ei PAAO 11 OEA EOI AT ABO 1
destroyed by bombardment, battles, and the construction of military facilities, such as airfields.

This history of human disturbances, coupled with the effects of typhoons, has left little native or
undisturbed primary forest on the island3° Native forests are now fragmented and restricted to
scattered patches on cliffs and in other relatively inaccessible areas on milijainstallations in

northern Guam. In southern Guam, pockets of native forests can be found in ravines, valley

bottoms, and on steep hillside§! The few endemic trees that can still be commonly observed

26 (Micronesia Challenge 2019)
27 (Peterson and Wescom, 2019)
28 (Athens, Stephen J., Miael F. Dega and Jerome V. Wagfj04)
29 (Athens, Stephen J., Michael F. Dega and Jerome V. Ward, 2004)
30 (Mafnas, 2010)
31 (Mueller-Dombois and Fosberg, 1998)
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are Meiogynecylindrocarpa, Aglaia mariannensis andOchrosia mariannensi¢Table 8).

Forest cover is increasingly dominated by invasive species. Three introduced trees comprise
over1/4hT O ¢ob T &£ OEA EOI AT A3 O Al vilkedgarvitbia 1200 8 4 Ef
cover), Leucaena lecocephala (9% cover) and Heterospathe elata(4% cover) (Figure 14,

Table 8). 32

Figure 14. Percentage of
cover of invasive species
present in the vegetation in
all of Guams forested lands.

Epipremnum pinnatum
Averrhoa bilimbi
Mikania micrantha

Antigonon leptopus

Invasive Plants

Heterospathe elata
Leucaena leucocephala

Vitex parviflora
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% Cover on Forest Land

A long history of wildland fires, typically started by arsonists, has shaped the vegetation of
southern Quam.33 The trends associated with firesare addressed in other sections.

Observed Trends in Urban Environment

" OAI 60 OOAAT AT GEOITT AT O AAT AA AEAOAAOAOEUAA
urbanization (Figure 15). In 1960 the population was 66,742 and in 2019 the population was
167,294.34 This is an increase of over 100,000 people in 59 years. The trend for urbanization

is similarly upward. In 1960 50% of the population lived in urban areas. In 2@t increased

to 95%. Urban and nonforest developed areas on Guam, at present, account for 47% of the

land area (Table9). Forests comprise41% of the land area(Lazaro et al. 2020.

32 (Lazaro et al. 2020)
33 (Mafnas, 2010)
34 (World Bank, 2020)
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Table9. Estimated land area by status, 20%3

Land Status Total Acres
Accessible forest land:
Unreserved forest land 51,813
Reserved forest land (Guam Nationakildlife 17,890

Refuge Bolanos Conservation Area, Cocos
Island Reserve)

All accessible forest land 69,703

Nonforest and other areas:

Nonforest urban 35,605
Nonforest vegetation 26,875
All nonforest and other 62,379
Total area 132,183

35 (World Bank Group, 2020)
36 (Lazaro et al. 2020)
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ForesManagementsincgaRidgeto-ReefApproach

Coral reefs are degraded by sediment runoff from watersheds, particularly from the steep
landscapes in southern Guam. Deforestation, invasive species, fire, and land management
practices increase the sediment flux from the uplands to rivers that empty into the fringing reef
and bays.In addition to harming water quality in rivers and freshwater bodies, these chronic
sediment plumescontribute to significant declines in coral reef health

The Ridge-to-Reef management approach provides an important connection between land
management practices and the health of O A [frihghg reefs. Guam Forestry provides a critical
role in abating the threat of declining water quality issues to waterways and cat reefs through
maintaining and improving forest health, forest stewardship, fire control programs and
watershed-scale restoration efforts. Organizing spatial information and issues by watershed
provides a powerful tool in developingmulti-objective strategiesto abate the pollution of these

critical water resources.

Watersheds on Guam

The island of Guam has beesubdivided into 19 watersheds? (Figure 16 and Figure 17). For
the purposes of thisreport, we divided these nineteen watersheds into three groupings;
Eastern, Western and Northern Guam watershedsTéble 10Table 7). Watersheds on the
easternside of Guam are generally larger in size and gentler in slope then those found on the
western side of the island. The three northern Guam watershedgenerally lack significant
stream systems, reflecting the porous ature of the limestone geology of the northern half of
the island. Precipitation increases with elevation in all of the watersheds.

37 (WERI, undated)
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Figure 16. Water features of northern Guam.
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Figure 17. Water fedures of southern Guam. Data are summarized in Table 9.
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Table10. Watershed characteristics

Area Mean elevation | Max elevation Mean Mea.n .anr.mal

Region Watershed slope precipitation

mi2 km 2 ft m ft m % in cm

Pago 104 27 288 88 1,066 325 21 97 247

Ylig-Togcha 15.7 40.7 262 80 1,001 305 18 101 256

5 Talofofo 23.5 60.8 347 106 1,322 403 18 105 266

ﬁ Ugum 7.6 19.6 419 128 1,238 377 20 107 271

Asalonso-Dandan] 6.5 16.9 207 63 425 129 13 102 258

Inarajan 8.7 22.5 264 81 1,096 334 16 100 254

Manell 4.9 12.6 226 69 1,106 337 27 96 244

Geus 1.7 4.5 331 101 1,122 342 33 100 253

Toguan 1.4 3.7 234 71 1,036 316 24 99 251

c Umatac 3.8 9.9 408 124 1,233 376 36 106 270

o Cetti 3 7.8 361 110 1,286 392 31 107 271

g Taelayag 2.6 6.6 244 74 1,117 341 20 104 265

Agat 3.9 10.2 152 46 756 231 12 97 247

Apra 12.9 33.5 158 48 1,045 319 13 92 235

Piti/Asan 3.1 8.1 243 74 725 221 20 93 237

Fonte 2.5 6.4 320 97 706 215 20 95 242

c Agana 13.6 35.3 162 49 666 203 93 237

&t.) Mangilao 13.7 35.5 277 85 655 200 94 238

z Northern 70.3 182 419 128 832 254 7 94 238
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Tablell. Water features of Guam.

Region Watershed Length of streams Area of water bodies
Perennial Intermittent Total Lake/ Pond Sewage Water Storage Wetland
Treatment
mi km mi km mi km ac ha ac ha ac ha ac ha
Pago 138 | 221 9 145 | 227 | 366 | 33 1.3
c Ylig- Togcha | 285 | 45.9 | 34 55 | 319 | 514 | 156 | 6.3 - - 19 0.8 33 1.4
E,; Talofofo 429 | 69.1 8.8 141 | 517 | 83.2 | 195.3 79 - - 15.9 6.4
ch‘@ Ugum 21 338 | 22 36 | 232 | 374 | 07 0.3
Asalonso-Dandar] 10.1 | 16.2 0.9 15 11 17.7 4 1.6 - - 0.5 0.2
Inarajan 196 | 316 | 63 | 102 | 26 418 | 22 0.9 - - 303 | 12.2
Manell 127 1 205 | 3.6 58 | 16.3 | 26.3 - - - - 8.6 35
Geus 33 53 - - 33 5.3
Toguan 4.3 6.9 - - 4.3 6.9 0.3 0.1 - - 11 0.4
Umatac 108 | 174 0.4 0.6 11.2 18
;C:J Ceti 7.4 12 - - 7.4 12
g Taelayag 77 | 124 | - | 77 | 24
Agat 83 | 134 - - 83 | 134 - - 0.2 0.1 0.3 01 | 641 ] 259
Apra 159 | 255 | 23 36 | 181 ]| 291 | 188 | 7.6 0.4 0.2 2 0.8 124 | 50.1
Piti/Asan 4.8 7.8 2.7 4.3 7.5 12.1 - - - - 0.2 0.1
Fonte 1.9 3 1.3 2.1 31 5.1 - - - - 0.7 0.3
c Agana 2.7 43 21 34 4.8 77 - - - - - - 268 | 108.4
£ Mangilao - 18| 29[ 18] 29 [ 65 | 26
3 Northern - - - - - - | 56| 63 ] 06| 02] 08] 03
Totals 216 347 49 72 261 419 262 106 1.2 0.5 62 25 459 186

Approximately 260 miles of streams are mapped on the island of Gua the majority are
identified as having perennial flow (Table11). Few streams occur in the limestonedominated
northern Guam watersheds, and none in the Northern watershed itself. The largest water
body on the island is tle humanmade Fena Reservoir located in the Talofofo watershed (195
acres). Large, primarily estuarine wetland areas occur in the Agana, Apra and Agat
watersheds.

Reef Resources

Guam is surrounded by an extensive and speciegh reef system that providesmany services
including cultural and traditional uses, tourism and recreation, fisheries, and shoreline and
infrastructure protection. Over 38 square miles of shallow coral reef are found within 3 miles

I £ ' OAIl 6 O(FigureA®®1 EOAI 60 OAAAE OAOI OOAAO AOA AO

degradation of water quality, chronic crown of thorns seastar (COTS) outbreakmd low
abundance of major herbivorous (algaesating) fishes. There is also a documented decline of
coral recruitment rates over the past fewdecadess

38 (Burdick, Brown, et al, 2008)
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Primary threatsO1 ' (évdl @efsinclude sedimentation and pollutants associatedwith
terrestrial runoff, and overfishing. Secondary threats include COTS outbreaks, coral
diseases, dredging, boat groundings, marirgebris, coral bleaching, and recreational misuse
and overuse. Storm activity can also cause direct damage to reef structure, and coral
bleaching is emerging as a potential threat which will likely become morseverewh
increasing sea surface temperature associated with global climatehange.

O
m

, ETEACAO AAOxAAT ' OAiI 860 AT OAl OAAE AT i1 OTE
directly related activities that affect the quantity and quality of water and sediment
pollution runoff to the reef communities. In paticular, reef resources are affected by fire

and postfire management, and quality and health of forested upland and riparian systems

that can increase sediment trapping from grass or bare ground hill slopes.
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Figure 18. Primary nearshore benthic habitat types around Guath

39 Source: Burdick (2009).
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Guam Wildlife Action Plan

The 2008 Farm Bill and national guidance require that the GFAP evaluate commonalities with

the state wildlife action plan. The Guam Department of AgricultureDivision of Aquatic and
7EI Al EEA 2A01 OOAAOGGHh ' OAI 7EI AT EEA ' ACGETT o1 A
Action Plan), updated January 10, 2019, identified 99 Species of Greatest Conservation Need
(SOGCN) among terrestrial, aquatic and marine organisms (76 spes and 20 family groups).
3SDAAEAOh OOAOPAAEAO AT A CcOI OPO xAOA EAAT OEEEA?
biological importance and vulnerability to extinction, and not decided solely upon ESA

candidacy or listing.

The Wildlife Action Plan dentifies limestone forests, scrub (secondary forests), and ravine

£l OAOOO AO EI PI OOAT O & O Ail 1T&£ 'OAis60 1T AOEOD!
species. Limestone forests are found on the northern limestone plateau and on large limestone
outcOT BPET CO ET O1F OOEAOT ' OAi 8 4EAOA EAAEOAOO AC

birds, snails, insects, lizards, and two fruit bat species. Typhoons, loss of pollinators, loss of
habitat due to development and wildfires, and introduction of agggssive invasive plant species
are all factors that lower forest resilience that can ultimately supporthese essentiahabitats.

The scrub forest is described as a degraded, yet diverse, brusipe forest, generally with an
open canopy under 10 meters higland a dense understory. The plant species are similar to
those in more mature limestoneforests butare at an earlier stage of development. In northern
Guam, this habitat is often dominated byitex parviflora, an introduced species from the
Philippines. While native plants can be found as understoryvithin Vitex stands, Vitex trees
shed their canopy during the dry season, leaving an open canopy that promotes invasive
weeds The same factors impacting limestone forests are changing the structunf scrub forest
(feral deer and pigs, invasive plant species, development and typhoons). In the absence of deer,
pigs, and invasive plants, scrub forest could be restored to support primary limestone forest
habitat.

Ravine forests of southern Guam areifghly degraded and contain many nomative species
including Pimenta racemosand palma brava Heterospahe elatg. The ravine forests have
been reduced in quality and quantity by damage from deer, pigs, fire, and introduced plant
species.

The goal of theGuamWildlife Action Plan to promote the recovery and sustainable use of
" OAI 60 1T AOEOA ANOAOEA AT A OAOOAOOOEAI OPAAEAON
aligns with the mission of Guam Forestry. Rehabilitation of native forests is a necegsatep

in the management and recovery of species of concern.
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Issues & Threats to Forest Ecosystems

Approach

As described underthe Conditions and Trends of Forest Resourcesection, vegetative cover

on Guam can be classified coarsely as Forest, Neores (savanna and grasslands), Developed
and Bare Ground. Because of the high degree of loss and conversion of forests and the mosaic
of cover types on the landscape, it is importarib evaluate issues and threats at the landscape
scale, rather than focus onl on the current forest cover. For example, the threat of fire to
existing forests occurs on the edge of forest in the grasslands and savannas. For this reason,
the threats to forest ecosystems should focus not only within forest boundaries, batrossall
landscape cover types to determine the best actions for managemeta prevent further
impacts to forests

The identification of issues and threats followed a twestep process. The first step was a
Stakeholder process that identified six major related isses developed for Guam. The
secondstep involved finetuning the strategies and updating maps (vegetation, fire risks
and forest stewardship priority maps).

Step 1: The Stakeholder Process

The Stakeholderprocess included reviewing the 20162015 Statewide Forest Resource
Assessment and Resource Strategy (SWARS) with the FAP Advisory Council and
incorporated revisions to the six issues and strategies.The original SWARS datavere
incorporated within this update along with updated information, where availdle.
Stakeholders consideredeleven environmental attributes throughout the process 1)
Wildfire Risk, 2) Proximity to Protected and Managed Areas, 3) Public Water
Supply/Priority Watersheds, 4) Wetlands, 5) Riparian Areas, 6) Slope, 7) Threat of
Development, 8) Native Forests, 9) Threatened & Endangered Species, 10) Population at
risk of fire,and 11) Private Forest Lands.

The outcome of this FARs a merging of the original SWARS and current available data in an
effort to determine the best course forcontinued, repeatable data collection and analysis to
develop robust, sciencedriven management at the islanewide scale. Therefore, the new
risk models looked at grasslands, including small areas of crops and pasture with slopes
greater than or equal to50%. For specific urban area risks the same 300 and 500 ft buffers
as the SWARS methodias usedand the urban layer was a combination of impervious and
developed/open space layers from the 2014 vegetation mafl-igure 5).
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Step 2: Fine-Scale Assessment

The underlying data sources used for the Stakeholder Process were evaluated for their utility
in quantifying and describing threats on the landscape. This involved a scientific approach to
determining (at fine scales) potential theats to trees and forests in the rural and urban areas,
fire behavior potentials, and mechanisms for addressing stakeholder issues and threats. This
approach also expanded to a watershedcience based approach to quantify erosion and
sediment delivery, with prioritized areas on the landscape for active forestry and reforestation
management. Base information included the finscale GFAP vegetation map, LIDAR surface
elevation models, soils mapping, and hydrology datasets.

Sakeholder Identification of Issuues

Guam Forestry, in coordination with the Guam Bureau of Statistics and Plans (BSP),
completed the spatial analysis involving stakeholder ranking of environmental attributes. Six
issues were identified by the GFAP Advisory Council:

1. Wildfire and Public S afety: The threat of wildland fire on human life and
infrastructure.

2. Water Quality and Water Supply : The threat to water quality and quantity from
human development and forestegradation.

3. Deforestation of Native and Old Forests : The threat posed to uniqudorest
environments onGuam.

4. Urban Forest Sustainability, Population Growth and Urbanization:  The threat
pi OAA O1 ' OAIi 60 OOAAT &I OAOO OAOI OOAAO

5. Degraded Lands: Identification of threats to ecosystem health posed by larsd
currently identified as being in a degradedondition.

6. Invasive species and Forest Health

The following sections detail each of the issues above, summarizing the stakeholder issue
review and fine-scale assessment outcomes. Beginning gage 90, a Synthesis of Issues
section describes how the stakeholder issues are related to g@he-ground threats, and
displays prioritized areas wheresingle treatmentsmeet multiple objectives.
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Issue 1. Wildfire and Public Safety

Introduction

Wildfire is a primary disturbance that affects forest and watershedhealth andis a keystone issue

that is linked with other identified stakeholder issues.Fire is an anthropogenic disturbancehat

directly interferes with the establishment and expansion of native forests, threatens standing

forests, opens corridors for invasive species intrusionsaccelerates erosionand contributes to

OEA AAATETA T &£ OEA Al OAl COilchnd p@AJIOCOMA | BA £RO AR hE 10A
OOAEAET I A Ad Bsue E\WaeO@udlity jand Water Supplgsue 3. Deforestation of Native

and Old Forestdssue 4. Urban Forest SustainabylitPopulation Growth and Urbanizatiossue 5.

Degraded Landsind Issue 6. Invasive Species and Forest Hgalth

A fire risk assessment® conducted in 2004 identified the key vegetation types and topographic
influences that would likely contribute to hazardous burn conditions in a given climate scenario.

In general, fires are more difficult to suppress when flame lengths exceed6sft, and when they
occur in inaccessibldgerrain. Flame lengths and rates of spread increase proptionally with slope.

The fire assessment suggested management actions such as reforestation or afforestation to
change fuels structure, and establishment of fuel breaks on grasslands on steep slopes. These
management strategies are synergistic, with brde helping to establish new plantings and older
plantings, in turn, shading out grasses that fuel fires.

A wildfire mapping effort commenced in 2015 which has resulted in the production of annual
wildfire summary maps. The 2010 SWARS document noted thptevious assessment reports
lacked sufficient spatial datadetailing specific land areas for fuels treatments to improve fire
protection. The current wildfire mapping effort has provided additional data, to include the

mapping of installed and proposedgreen beltsand firebreaks.

Since wildfire is prevalent and a threat on multiple levels (safety, forests, water quality) in
wildland and urban areas, a more detailed potential fire behavior map was produced for this
assessment using the GFAP vegetation mapd LiDARderived ground surface information. The
output is designed to identify specific sites of hazardous fire behavior potentials that can be
prioritized for treatments addressing risk to wildfire in watersheds and communities, as
intended by the FarmBill and USFS agency guidance.

40 (Neill and Rea 2004)
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The results of the fire behavior risk assessment are summarized below
Potential Fire Risk

&EOA AAEAOEI O OEOE xAO AAI AOI AGAA O1T OOAATI Ao Ot
and slope. These scales were dioked into four generalized risk assessment categorig¢3able 12).

These risk codes correspond to areas that would have potential high rates of spread and long

flame lengths.

Table12. Generalizedriteria in defining fire behavior risk associated with vegetation/cover types and slope.

Fire Behavior Risk Description (any combination) Risk Code
Low Forest, bare soils, water & urban development, <50% slopes 0
Moderate Open areas near development, sendary or patch forest, 50 1
100% slopes
High Long leaf grass or savanna types, 16®00% slopes; short 2
grass types with >200% slopes
Extreme Long leaf grass or savanna types, extreme slopes >200% 3

Potential fire behavior based on slope and fudtructures is depicted on themap (Figure 19) and
rated into four categoriesz Low, Moderate High and Extreme Fire Risk. These fire risks are further
categorized as risks to forest fragments and urban environments in the followgnsections.

Fire Risk to Forest Fragments

Fire risk to forests and urban environments was determined by calculating a 36fd buffer
AEOOAT AA EOT 1T A1l &£ OAOGO AACAOS AEAOA AOAEMEAOC
AEEAADOOS Al odingbeds. TheRdiE are® bf fir® KeAavior risks (Codes @) was

calculated within each zone for all watershedg§Table 13). Figure 19 displays the forest fragments

at risk for Guam.The yellow color highlights areas of fire risk; their proximity to forest edges

identifies these areas as high priority for fuel breaks and conversion to forest.

At watershed scales, the eastern watershed management areas contribute thegkst number of
acres that pose a moderate or higher fire risk within this forest edge interface zone (8,187 acres),
mostly relegated to the central uplands in Talofofo, Ylig and Pago, with upper reaches of Apra in the
western watershed management area. Tdugh smaller in land area, the western watersheds all
exhibit approximately one-quarter of the land area having moderate or higher fire risk to standing
forests, including the Manell (Merizo) watershed, whictabuts a marine preserveat the outlet of the
watershed. Overall, priority areas pose the highest concentratedirect risk to forests from fires that
are likely to exhibit fire behavior that is difficult and potentially dangerous to suppressKigure 19).
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Wildfire Risk to Guam's Forest
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Figure 19. Priority areas for fuels treatments to reduce risk of fire damage to standing forests.
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Figure 19 prioritizes the areas forfuelstreatmentstoreducerisk of fire damageto standingforests.
Areaswereprioritized onthebasisofpotentially longflamelengthsand/or fastratesofspread nea
forestedgeq300-t). Priorities increasewith increased risk. The dataaresummarizedin Table 14

xEAOA AAOA OAI OAO AOA AGPOAOOAA ET AAOAO AT A b
non-forest fuel types

Table 13. The priority areas summarized by watershed for risk of se/ées in 300 ft perimeter of forest fragmentSWARS 2010

Region Watershed Watershed Low Moderate High Extreme
Acres Acres % Acres % Acres % Acres %
Pago 6,683 2,456 37% 1,045 16% 471 7% 25 0%
Ylig-Togcha 10,067 4,066 40% 1,212 12% 480 5% 18 0%
E Talofofo 15,016 5,860 39% 1,806 12% 756 5% 43 0%
ILWG Ugum 4,851 2,037 42% 726 15% 388 8% 28 1%
Asalonso- Dandan 4,183 1,972 47% 174 4% 54 1% 3 0%
Inarajan 5,564 3,155 57% 750 13% 200 4% 8 0%
Manell 3,107 1,139 37% 681 22% 278 9% 18 1%
Geus 1,120 284 25% 155 14% 162 14% 24 2%
Toguan 903 427 47% 193 21% 75 8% 5 1%
Umatac 2,447 673 28% 453 19% 374 15% 55 2%
g Cetti 1,928 696 36% 479 25% 314 16% 18 1%
g Taelayag 1,639 823 50% 309 19% 123 8% 3 0%
Agat 2,511 1,385 55% 198 8% 39 2% 1 0%
Apra 8,283 4,415 53% 864 10% 404 5% 11 0%
Piti/Asan 1,993 894 45% 334 17% 126 6% 3 0%
Fonte 1,575 678 43% 118 % 64 4% 6 0%
c Agana 8,717 5,459 63% 275 3% 72 1% 4 0%
£ Mangilao 8,772 3,709 42% 106 1% 24 0% 6 0%
S Northern 44,971 22,373 50% 455 1% 140 0% 31 0%

Fire Risk to Communities: Wildland Urban Interface

Similar to assessing fire risk to forest fragmertt, urban areas, including highly developed
and open space areas, were evaluated within 56@ buffer areas known as the Wildland
Urban Interface(WUI) for potential fire behavior fuel types4! The WUIprovides areas for
increasing Urban Forestry objectivesand reducing hazardous fuels.

41 Under the USFS WUI definitions, the entire island of Guam would be categorized as within WUI boundaries. (USFS,
Fire & Aviation Management)
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Figure 20 shows the prioritized areas having potential fire behavior risk in urban zones and
associated buffer areas. The areas in yellow are the priority areas thatyere fuels treatment
or conversion to forests.

The percent of eachwatershed that is mappedasfalling within the WUl and Buffer is listed
in Table 15. The percent of the watershed in these urban and buffer zones varies frah2%
at the low end for Ugum to 95% at the extreme end for the Aganatershed.

Though urban environments are dominant in the northern watersheds, the majority of the
fire risk is within the WUI is concentrated in the western and eastern watershed regional
groups (Table 16). Areas targeted as having moderate or higher fire behavior risks represent
priority areas for converting fuel types to forest, or for creating fire breaks (reduction in
fuels). This is especially true alog the road areas in the western and eastern watershed
regions, as they provide the highest access for arson staesad cover a broad geographic area
(Cross Island Road and Highway 2 from Agat Merizo).

Table14. Combined watershedsk to forest and urban areasising the 2014 Vegetation Map

Watershed Acres of % at Risk| Acres of | % at Risk
Watershed Acres Forest Risk| to Forest | Urban Risk| to Urban
Agana 8720 37 0.4% 40 0.5%
Agat 2524 21 0.8% 13 0.5%
Apra 8302 182 2.2% 80 1.0%
Cetti 1930 245 12.7% 37 1.9%
Dandan 4183 26 0.6% 5 0.1%
Fonte 1575 27 1.7% 12 0.7%
Geus 1120 121 10.8% 28 2.5%
Inarajan 5566 123 2.2% 20 0.4%
Manell 3119 241 7.7% 24 0.8%
Mangilao 8772 6 0.1% 5 0.1%
Northern 44972 33 0.1% 25 0.1%
Pago 6683 266 4.0% 58 0.9%
Piti-Asan 1993 70 3.5% 53 2.6%
Taeyalag 1648 102 6.2% 9 0.5%
Taldofo 15016 281 1.9% 87 0.6%
Toguan 903 64 7.1% 19 2.1%
Ugum 4851 180 3.7% 3 0.1%
Umatac 2447 314 12.8% 83 3.4%
Ylig 10067 243 2.4% 40 0.4%
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Wildfire Risk in Guam's Urban Zones
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Figure 20. Wildfire risk in Guam's urban zones.
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Table15. Urban areas and the 500 WUl areas, expressed as total acres gmwportion of the watershed.

_ Area within the Percent of
Region Watershed Watershed Acres WUI and Buffer Watershed
(acres)
Pago 6,683 3,746 56%
Ylig-Togcha 10,067 6,558 65%
E’ Talofofo 15,016 6,084 41%
ﬁ Ugum 4,851 600 12%
AsalonseDandan 4,183 2,319 55%
Inarajan 5,564 1,698 31%
Manell 3,107 999 32%
Geus 1,120 526 47%
Toguan 903 555 61%
Umatac 2,447 773 32%
g Cetti 1,928 429 22%
§ Taelayag 1,639 646 39%
Agat 2,511 2,121 84%
Apra 8,283 6,202 75%
Piti/Asan 1,993 1,599 80%
Fonte 1,575 1,265 80%
c Agana 8,717 8,316 95%
-qF:) Mangilao 8,772 7,636 87%
% Northern 44,971 36,205 81%
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Table16. Fire behavior risk priority areas within th&\VUI (including open spaces) and a 500 ft buffer surroundithem.

Group Watershed Watershed Low Moderate High Extreme
Acres Acres % Acres % Acres % Acres %
Eastern Pago 6,683 3,286 49% 333 5% 118 2% 8 0%
Eastern Ylig-Togcha 10,067 5,969 59% 442 4% 139 1% 8 0%
Eastern Talofofo 15,016 5,320 35% 601 4% 158 1% 6 0%
Eastern Ugum 4,851 537 11% 50 1% 12 0% 1 0%
Eastern | Asalonso-Dandan 4,183 2,217 53% 78 2% 23 1% 1 0%
Eastern Inarajan 5,564 1,484 27% 177 3% 36 1% 1 0%
Western Manell 3,107 855 28% 109 4% 34 1% 2 0%
Western Geus 1,120 399 36% 92 8% 33 3% 2 0%
Western Toguan 903 389 43% 131 14% 35 4% 0 0%
Western Umatac 2,447 517 21% 176 7% 77 3% 3 0%
Western Cetti 1,928 247 13% 109 6% 69 4% 4 0%
Western Taelayag 1,639 564 34% 62 4% 18 1% 1 0%
Western Agat 2,511 1,954 78% 140 6% 25 1% 1 0%
Western Apra 8,283 5,727 69% 344 4% 126 2% 5 0%
Western Piti/Asan 1,993 1,287 65% 222 11% 87 4% 3 0%
Western Fonte 1,575 1,149 73% 79 5% 34 2% 3 0%
Northern Agana 8,717 7,969 91% 273 3% 71 1% 4 0%
Northern Mangilao 8,772 7,526 86% 89 1% 17 0% 4 0%
Northern Northern 44,971 35,785 80% 351 1% 64 0% 6 0%

Fire Risk Summary

Treatments in thewildland urban interface (installation/maintenance of fuel breaks, green
belts, planting native trees to shade out invasive grasseand removal of ladder fuel9
readily correspond with Urban and Community Foestry. Forest Stewardship and Forest
Health program objectives as well as Cooperative Fire for fuels treatment operations.
Converting nontforest high-risk areas to forested areas will help slow the rate of spread of
fire and ultimately fragment fire-prone areas, especially along the major road networks.
Immediate edge effectsWildland urban interface areasyoads, community boundaries, etc.)
that contribute to risk can be treated using direct fuel break treatments (mowingaround
structures and residenceswithin the wildland urban interface to minimize spread to other
high-risk areas. A program designed tasolate, contain and preventfires in the wildland
urban interface will offer the highest preventative protections at lowest overall cost. A
community-assessment of fire resources, risk areas, and community involvement in a
program such asFireWise*2 can assist Guam Forestry and stakeholders with strategies to
address urban fire risk through preventative action andutreach.

42 http://lwww.firewise.org/  (National Fire Protection Program, NFPA)
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Issue 2. Water Quality and Water upply

Water quality is monitored and regulated by Guam EPA programs. Guam Forestry has a
critical role in water quality programs in providing surface conditions that allow for the safe
capture and storage of water within key watersheds (surface and gundwater resources).
Movement of sediment from erosion into waterways is one of the most pervasive problems
associated with poor land cover, which degrades surface waters, domestic water supplies,
and fragile reef systems. Guam Forestry programs can reduerosion through forest
stewardship, fire management, and restoration activities to protect water quality and
domestic water supplies {irebreaks, greenbelts ortree plantings in areas prone to erosion
anda source ofsoil delivery to streams). Further, Gam Forestry can assist in the protection
of groundwater resources through avoiding deforestation and degradation in the northern
watershed zone through implementation of S&PF programse(g., Stewardship, Legacy,
Urban Forestry and Forest Health)This section describes the water resources on Guam, the
stakeholder evaluation of water quality and water supply, and the assessment of sediment
source and transport by watershed area.

Surface and Groundwater Resources

The climate of Guam is characterized by dry season that runs from December through June,
and a rainy season from July through November. Annual rainfall is high, averaging 90 to 110
inches (229 cm to 280 cm) of precipitation Figure 27). Temperatures are warm all year,
with the coolest least humid period being December through Februari

Water resources on the island of Guam vary spatially due to the distinctive geologies of
northern and southern Guam. The volcanidominated geology of the south has a relatively
low permeability, and the hydrologic regime is dominated by surface water processes (e.g.,
streams and lake impoundments). In contrast, the limestordominated geology of the
northern watersheds is highly permeable, and groundwater recharge processes dominate.

43 (Daly and Halbleib, 2006)
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Stakeholder Evaluation of Water Quality and Water Supply Issue

The stakeholder evaluation of this issue relies on the estimate of the threat posed by human
development and forest degradation. Five environmental attribute layers were identified
as beingrelevant to this issue andare discussed inthe Appendix 2 of the SWARS 2010
document. The dominant issue rating was heavily dependent on whether the watershed
was rated as a public water supply priority watershed or as an aquiferjgure 21). In the
Northern region, the priority areas are zones of contribution for groundwater resources; in
Southern Guam, three watersheds were prioritized for surface wateAs such, the Talofofo,
Asalonsoe Dandan and Ugum watersheds in & south were ratedas high priority, as were
the portions of the northern watersheds that overlay the primary aquifer.

Priority Areas:
Public Water Supply Area

Northernn

D Watersheds

|:| Moderate Priority: Buffer areas around delineatd aquifers

- High Priority: Delineated aquifers; S. Guam surface-water watersheds

Figure21. The prioritized areas for sourcing public water supplies.
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Water Quality Priorities: Soil Erosion and Sedimentation

Soil erosion is an important issue in Guam, particuléyr in the southern half of the island. The
combination of steep slopes, heavily weathered volcanic soils, and frequent and often
intense rainfall provides conditions for erosion of soils in exposed cover types (low canopy
grasses, exposed soils, road fitc.). Increasing population in the past 25 years has led to
changes in vegetation, road construction, and urbanization that increase erosion. Soil
erosion on Guam results in loss of soil productivity, degradation of water quality in streams
and drinking water sources, and degradation of coral reefs and fisheries resources around
the island.

Land uses that contribute to increased erosion include those that remove ground cover and
expose soil to erosive forces or land uses that reduce infiltration and incase surface runoff.
Prevalent land uses associated with increased runoff and/or erosion include:

e Burning and removal of native vegetation (removes ground covencreases
runoff)

¢ Road construction and use (increases and channelizes runoff, remoggsund
cover if road is unpaved, focuses higknergy runoff directly to streams at
crossings)

e Off-road vehicle uses (disturbs soil, rutting leads to rills and gullgrosion)

e Construction sites/urbanization (removes ground cover duringconstruction,
increasesrunoff)

Due to the high infiltration rates and low erosion potential of the limestonébased soils on
the northern half of the island, thereare no permanent streams and surface runoff is limited.
As a result, erosion hazard is minimal and is na soil erosion high priority area.However,
increasing impermeable surfaces and changing landcover have resulted in increasing
surface runoff, nuisance flooding, and erosion issues, particularly in heavily developed areas
and low-lying coastal areas. Thisnay be an issue for future research and investigation as
development continues to increase in northern Guam.
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The low infiltration rates, high erosion potential, and steep slopes in southern Guam result
in a high potential for soil erosion and delivery  eroded sediments to streams, which flags
this area as a high priority zone for erosion and sedimentationlo prioritize site-specific
areas for potential treatments,the Nonpoint Source Pollution and Erosion Comparison Tool
(N-SPECT) GIS mod¥lwas chose to characterize relative @osion hazard areas in southern
Guam.

Priority Areas:
Erosion & Degraded Lands

Northern

P/A

=

Values represent the number
of Kilograms per year per 100
square meters of eroded sediment.
Priority areas are areas of

high erosion.

E Watersheds

Estimated Erosion (Kg/year/100 sq. m)

Value
P 120636

01 2 4 6 8
B Low: 0 e e Viles

Figure 22. Priority areas for degraded lands, expressed areas that are undergoing erosic
2010 SWARS.

44 (Eslinger et al., 2005)
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This model estimates surface and rill erosion and does not account for mass wasting, gully
erosion, or streambank erosion. However, theamefactors affecting surface and rill erosion
(slope gradient, vegetation cover, soil permeability)also contribute to mass wasting and
gully erosion.

Loss of soil and degradation of soil productivity can affect all areas of the landscape. The N
SPECT output map showed average annual erosion rafehich provide an estimate ofthe
relative risk of soil/productivity loss (also identifies priority areas for Issue 6. Degraded
Landg. Areas with the highest erosion risk occur in the headwater®f most of the
watersheds in southern Guam(Figure 25). In general, these areas have steeper slopes,
sparser vegetation, and higher rainfall rates.

Fire plays a large role in altering the native forest vegetation cover in Guam. Due to the moist
conditions, fire is not a prevalent natural process. Howeveppachersintentionally light fires

to improve hunting success as animals are drawn to new shoots that sprout following the
fire. Humaninduced fires have affected Guam for several thousand years. Intesrially lit
fires continue today, and the resulting altered vegetation cover of savanna and grasslands
are adapted to the current fire regime. These altered vegetation types result in an increase
of erosion following a fire; as much as-% times more sedimet can be eroded from burned
land as from savanna; savanna/grasslands produce more sediment than heavily forested
areas.

Erosion of the upper soil horizons is a particular issue on the volcanic soils prevalent in
southern Guam because the underlying material is saprolite. Saprolite is clayrich,
decomposed rock that has low pH, low fertility, and a stiff structure. Once the upper soil
horizons are eroded and the underlying saprolite is exposed, vegetatigenerally does not
establish well and will not thrive. These unvegetated areas can remain bare for long
periods oftime and are locally referred to as badlands.

Eroded sediment that reaches streamsdegrades water quality, aquatic habitat, and
downstream reef communities. Sediment that is eded far from streams has a lower
probability of reaching the stream because much of it is caught in small topographic
depressions or behind vegetation or other roughness elements. An estimate of the risk of
eroded sediment reaching streams was made bas&uh the NSPECT model results and a
linearly decreasing delivery assumption [e., less sediment delivers the farther away
erosion is from a stream) within a 1,006foot buffer around mapped streams. The resulting
map shows the risk of erosiorand delivery of sedimentto steamsacross the southern half
of Guam Eigure 23).
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Priority Areas:
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to Streams

Burned Area by Vegetation (SWARS)
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Figure 23. The priority areador erosion and degradation that are delivering sediment to streaarsd other waterways.

The estimated sediment delivered to streams in each watershed is shown Fable 17.
Watershedswith the highest relative sediment yield are those on the steeper west and
southern coast; the Cetti, Manell (Merizo), Taelayag, akiinatac.
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Tablel17. Estimated delivered sediment yield by watershdthedata are summarized in Table 15.

Estimated Delivered Watershed Delivered Sediment Yield
Watershed Sediment Yield Area (sq mi) (tons/acrelyr)
(average tons/yr)
Agana 5,238 13.62 0.6
Agat 15,785 3.92 6.3
Apra 40,330 12.94 4.9
AsalonseDandan 16,082 6.54 3.8
Cetti 43,395 3.01 22.5
Fonte 4,140 2.46 2.6
Geus 8,822 1.75 7.9
Inalajan 64,601 8.69 11.6
Manell 63,147 4.86 20.3
Mangilao 12,983 13.71 15
Pago 55,427 10.44 8.3
Piti/Asan 13,609 3.11 6.8
Taelayag 25,376 2.56 15.5
Talofofo 103,149 23.46 6.9
Toguan 11,736 1.41 13.0
Ugum 39,076 .58 8.1
Umatac 49,771 3.82 20.3
Ylig-Togcha 81,928 15.73 8.1

Erosion on Guam, particularly the southern half of the island, has resulted in degraded soil
productivity, water quality, aquatic habitat, and reef commauities. Based on existing data

and studies, areas with the highest risk for erosion and delivery of eroded sediment to
streams/reefs have been identified. NSPECT, or a similar erosion prediction toole(g.,
DHSVMS5) can be used to determine the relatig decrease in erosion under different erosion
control or re-vegetation effort scenarios and to help to select locations where improvements
would be most effective.

Groundwater Infiltration

In northern Guam, the primary influence of water quality and quarnty is related to the zone of
contribution in the limestone aquifer (Figure 21). Principle activities that limit water absorption

are roads, development, increases in impervious surfaces, and changes in forest cover that
increase oserland flow (and decrease absorption); these processes affect tlygiantity of water
that is likely to be absorbed. Point source pollution, runoff from roads, and changes from native
forest to industrial uses alters thequality of the water. In the northem region, Guam Forestry can
provide tree ordinances along roads and developments to filter road and impervious surface
runoff as well as provide greenspace to increase absorption (avoid conversion to impervious
surfaces).

45 Distributed Hydrology, Soils and Vegetation Model (DHSVM)
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Water Quality and Erosion Priority Summary

The Stakeholder evaluation stressed the importance of protecting public water supplies and
priority watersheds. Urban development and development associated with the military buildup
are a threat to public water supplies on the island. Sediment adeling demonstrates the
relationship between the altered vegetation types, fire frequency and the increase in erosion
following a fire. Areas that show moderate to high sedimendelivery rates are highlighted as
priority areas in the south of the islandlin the north of the island the development of greenspace
ordinances in urban (or scheduled to be urban areas) represent high priority areas (see priorities
in Issue 3. Deforestation of Native and Old Forelstsue 4. Urban érest Sustainability, Population
Growth and Urbanization.

Forest management strategies that direct resources toward reestablishing native forests,
preventing and reducing fire frequency, and providing rehabilitation of degraded landscapes will
improve water quality and assure safe water supplies for the future.
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Issue 3. Deforestation of Native and Oldrorests

The evaluation of Deforestation of Native Forests (especially old forests) is an estimate of the
threat posed to unique forest environments @ Guam. Figure 24 displays a hybrid of the
stakeholder-driven identification of native forests coupled with the tree crown map associated
with the GFAP vegetation layefé These forests have not beenusveyed for forest structure,
composition, and overall health, though the GFAP process has identified these areas as priority
areas for conservation and gathering of groundruth information through inventory surveys.

The stakeholder evaluationwas qualitative in nature and identified potential deforestation
threats to native and old growth stands in the headwater portions of southern Guam watersheds,
and the coastal fringe in northern Guam Some of these areas also have a high likelihood of
development associated with the proposed military buildup

Avoiding deforestation is highly dependent upon willing stakeholders and the capacity of land
management agencies to administer and facilitate local conservatiamd conservation groups
Figure 24 represents the priority areas (all trees) for Guam for potential evaluation and
conservation projects. Private lands provide opportunities for identifying potential Forest Legacy
and Community Forests and Open Space projects and participants, as well as Forest Stewardship,
Cooperative Fire and Forest Health projects for improving forest conditions, expanding forests
and fuels conversion projects to minimize risk to forests. (The Forest gacy Program may enable
the Territorial government to purchase private forest lands in fee simple, or to pay for a
conservation easement under which the Territorial government would monitor the private

I AT AT xT AOB0 Ai 1 OAOOAOET T Fbrests érid OperEbpack préygam mayA
enable a local government or land trust to purchase private forest land in fee simple.) In addition,
the existing forest fragments can be coupled with areas delivering sediment to streams. Avoiding
deforestation (and plarting trees, and improving forest health) isextremely relevant to all
Stakeholder Issues on Guam. Coordinating stakeholders that are willing to implement
conservation (and enhancement projects) is paramounto the success of the project for further
discusgon on ownership and forest cover).

Figure 24 identifies key landowner types the critical data gap is to inventory these lands and
identify native forest reserves and potential candidate sites for caervation and enhancement
programs. Native forest tree ordinances would enhance conservation efforts.

46 (Mafnas 2010)
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Figure 24. Tree crown map with forest fragments identified by current ownersha®10 SWARS

Primary Effects of the Buildup

The primary threat from the military buildup is the direct displacement of currently forested
landscapes. This effect was measured as the potential displacement of treathin the major areas

of development identified inthe Guam buildup SEIS~or this aralysis, the proposed areas considered
xAROA 1T EI EOAA OF OEA 53-# -AET #ATO0IT1TATO o (1
Andersen South Training grounds and associated firing ranges Northwest Field on Andersen Air

Force BaseThese areas representhe largest areas currently proposed for construction.
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In total, approximately 1,000 forested acres have been cleared to support the buildumcluding
about 80 acres ohigh-quality native limestone forest. Additional forest areas or fragmers may be
cleared outside the installation boundaries to accommodate roadways, transmission lines, and other
infrastructure related to the buildup, as well as private development associated with the activities
The high demand for raw materials may drive tk creation of new quarries, potentially leading to
clearing of remnant stands of native limestone forest that are growing on areas valued for mining
aggregate.

In addition to the direct effects, secondary effects are anticipated with changes to land usereased
access to the forest can cause a range of disturbances, including increasing fire frequency
(barbeques, increased offoad vehicle use, military operations), spread of invasive species (direct
establishment or importation of new species from inceased offisland transportation of goods and
transport of existing invasive species to other parts of the island via road networks), and compaction
or other physical damage to soils (increasing erosion and reducing forest health). Another secondary
effectis the increased risk to disturbancess smallerforest fragments are more vulnerable to wind
throw, flood damage, fire mortality, compaction, firewood harvest, and invasive species.

Issue 4. Urban Forest Qustainability, Population Growth and Urbanizati

This issue focuses on the establishment and use of urban forests in planning within an urban
intermix zone, rather than on the direct threats of development to forests. This issue was
evaluated using two methods. The first was by th&FAPAdvisory Courtil using qualitative
measures of threat of development as identified from th&IC Veg layerThe second involved a
fine-scale assessment of the current urban forest conditions using tl&APvegetationmap.

Stakeholder Evaluation of Urban Forest Sustaina bility
TheGFAP AOEOT OU #1 O1 AE1 EAAT OEZEZEAA OEAO OEA OEOAA
associated with developmentand the lack of ordinances to protect urban forest resourcesThe

environmental attribute layer used to evaluate this isse was a measure of the proximity to areas of
existing development, and private ownership.

The threats and priorities for urban forestry, as evaluated by theGFAPAdvisory Council is
depicted inFigure 25. The shades of red on the map show where existing development is heaviest
and therefore where the continued threat to urban forests will occur Stakeholder evaluation
shows wide-spread threats to urban forest sustainability, with heavy emphasis followig road
networks.
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Stakeholder Evaluation of Threats of Development to Forests

The threat of population growth was evaluated by theGFAPAdvisory Council and by a specific
evaluation of the effect of military expansion on forest resourcespfevious section). The GFAP
Advisory Council evaluated the threats of population increase based on the current distribution of
cities and towns, with the threats of increased impervious surfaces (from roads, buildings, etc.).
Population growth was assessed as having thadhest threats and urban development within the
northern watersheds. These are also the areas with the highest likelihood of development associated
with the proposed military buildup.

This section discusses in quantitative and qualitative detail thehteats to forests and urbanization
in the next 10years.

Threats of Development

There are a range of other secondary effects of development that can cause harm to forests, decrease
their productivity, and limit their resilience to natural disturbances. Thoughnot directly quantified

in terms of acres, the major secondary threats to development include:

* Military Buildup: Roads, Shopping Centers, Other Infrastructure.  Inherent with the
projected population increases for Guam, there will likely be a need owvéhe next 5 years to
increase roads and transportation networks and increase business services for families and
residents (military or civilian). These needs would likely expand other areas into potentially
forested zones within and beyond the 500 ft urba intermix zone. New areas for development
would directly displace trees and forest fragments. These areas will likely increase fire ignition
points and complicate the fire risks to forests and urban zones on the island.

1 Edge Effects and Degradation around Developments. Forest fragments, and their resilience
to disturbance, are related to the amount of forest edge associated with the environmeit
Increases in forest edge increases windriven disturbance (windthrow), invasive species
establishment, and fie edge effects. All of these factors contribute to mechanisms that increase
edge size (decrease fragment size), resulting in lortgrm disturbances related to the initial
development.

47 (Laurance and Bierregaard 1997)
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Figure 25. Priority areas identifiedby stakeholders for urban forest sustainabilitg010 SWARS
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Summary

The Stakeholderdeveloped map Figure 25) highlighted the urban zones where theperceived
threat of continued degradation through development is expected to oac. Specific priority areas
have been identified that can be used for two major priority actions: (i) conserve, protect,
maintain and monitor standing trees,and (ii) identify additional areas on all urban landsand
engage private landownersto participate in urban forestry projects on nonforested lands.
Inherent in both these actions is a continued focus on outreach and education to promote good
arboriculture practices, making more people likely to understand how to better manage urban
trees.

Strategy casiderations should include estimating thepotential for forest growth, specifically
targeting areas where trees can provide multiple benefits, including recreation, abatement of
sediment, reduction of hazardous fuels, urban habitat, and open space aestbeatalues. Overall,
the non-forest acres presented iMAppendix 2 identify the potential areas for planting trees in the
urban environment. Groundtruthing is needed to evaluate areas that have the highest value for
the planting project, selecting stakeholder groups that will be most likely to maintain the
plantings and ensure successful implementation.

A current implementation gapis incorporation of planting requirements into urban development
plans. Potential for planting tees could include roadways, parks, greenwaygdges of ponding
basinsAT A O&DT AGET 1 Al /e@.Aids®ales 1O taptlireEmonialer) QdlitidnatBE |
Guam does not currently have a tree ordinance that defines Best Management Practi(s1Ps)

or other regulatory considerations to address road runoff, sediment abatement, and parks and
open space. This is a programmatic action that should be considered for implementing Urban and
Community Forestry programs that would continue to meet muliple stakeholderobjectives.

An important strategy as part of the Urban and Community Forestry program is to work with
the DoD during the proposed expansion phase for new developmen&dditionally, continuing

to develop and establish partnerships with government, nongovernment, nonprofit
organizations,and the private sector to expand the footprint of currently managed, abandoned
and potential new urban green spaces. Thesa of tree ordinances that focus ometaining
standing forestrather than replacinglost trees would help to increase the use of native species
in urban forestry planning.
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Issue 5. Degraded Lands

The GFAP Advisory Council identified areas that are considered a threat to future ecosystem
health, with lands that have limited vegetativecover or are barren areas. The Degraded Lands
map was developed from several environmental attribute layers during the Stakeholder
evaluation period from the 2010 SWARS assessing fire risk, proximity to protected and
managed areas, riparian areas, wetlals, public water supply/priority watersheds and threats
associated with development and slope. Threats are concentrated primarily in the headwaters
and higher elevation areas of the Cetti, Piti/Asan, Ugum and Talofofo watershed&gure 26).

This issue overlaps with many of the other issues described in the assessment. In particular, the
rate of potential recovery from degraded lands status is dependent upon the ability to successfully
be reforested, while maintaining a firefree environment for several years following planting.
Because degraded lands have larger areas of expossils andcan contribute to higher amounts

of eroded sediment to streams and reefs, prioritization of degraded lands is similar to the
prioritizat ion of high-risk fire-prone areas that are within a delivery distance to streams.

The priority areas and rational discussed inssue 2. Water Quality and Water Suppbpecifically
the Water Quality Priorities: Soil Erosion and Sedimentatidr@ginning on pagetb, is especially
relevant to this Stakeholder Issue. Priority Areas for degraded lands are mapped faites to
plant having high erosion Figure 26), with higher priorities set for those eroding areas where
sediment is being delivered to streamsKigure 23).
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Figure 26. Perceived prioritized degraded lands issue mapeleped by stakeholder evaluations, 208WARS.
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Issue 6. Invasive Species and Forest Health

O0&1 OA O @sisHdiired &3 & descriptor for forest conditions and trends, including the resilience
of forested environments to a range of biotic (living) andabiotic (non-living) disturbances. This
section begins with quantitative discussion on the current structure of forests, an analysis of
available trend information in forest cover, and a qualitative discussion on a range of abiotic and
biotic disturbance regimes and their known status and effects on the forests of GuanThe
information presented in this section is drawn from a forest inventory analysis (FIA) conducted
by the U.S. Forest Service in 20¥8 Forty-eight plots spaced uniformly at 1.9mile intervals in a
hexagonal grid were sampled over the entire islandHigure 11). In addition, 67 plots were
sampled by the Micronesia Challenge (MC) in 2013 using similar methodology, but with a focus
on protected conservation areas in nghern Guam and in ravine forests in southwestern Guani?

Disturbances Affecting Forests Health

Approximately 1/2 or 49% of island trees exhibit damage from a wide range of causes which include
animals, insects, weeds, fire, disease, and storms (Tak).

Table18. Estimated forest area and SE (acres) and % of total forest area and SE affected by disturl
in Guam forests?

Disturbance Estimated Area SE (acres?) % Total SE
(acres?) Forest
Area
Animal damage 20,778 4,167 30 5.9
Insect damage 11,040 3,494 16 4.9
Vegetation suppression 2,408 1,790 3 2.6
Fire 3,633 2,044 5 29
Tree disease 256 616 0 0.4
Any disturbance 34,205 4,882 49 6.4
Undisturbed 35,380 5,007 51 6.4

80&1 OAOO (AAI OE6 | ET OAT OAT AA AAPEOAI 6 EO OOAA EAOA AO
letters) refer to the specific S&PF program and activities that it funds.

49 (Lazaroet al. 2020)
50 (Micronesia Challenge 2019)
51 (Micronesia Challenge, 2019)
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Abiotic Disturbances Affecting Forest Health

There are a number of abiotic or nonliving threats to island forests in the form of storms,

AOT OCEOOh OOAAT AAOGAIT T PI AT Oh AT A EEOAS " OAI 60
the year, with two distinct seasons. There is a dry season between Decembed &tay and a wet

or rainy season from June to November (Figurg?).

Storms may have a devastating impact on the island landscape. Frequent tropical storms and
typhoons (Table20), AOPAAEATI 1 U AOOEI ¢ OEA xAAOEAO PEATTI A
damageto forests and are most prevalent during the wet season months of September to

November (Figure27).

Abiotic factors,suchasA OT OCEOh AAT ET AOAAOA A OOAABO SOO00AAY
Short term droughts frequently occur during the diy season and may be exacerbated by conditions

typical of an El Nifio weather pattern following active typhoon seasons. Droughts may reduce tree

growth and increase tree mortality. Storm damage may cause defoliation, toppling of trees, limb
breakage, and dmage due to saltwater spray and inundation. These forms of damage provide
TEAEAO AT A AT EAT AAA 1 BDDPT OOOTEOU &£ O Agi OEA ODE
4AEAOA OPEITAAOOG A Odativd dEdvative Alapig it GapidyOdkicorhpeté

native plants. Winds from tropical storms or typhoons may also spread insect pests and weed

seeds.

52 (Szczepaniec and Finke, 2019)
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Table19. Total number and mean number/year of tropical storms (36 mpfi4 mph) and typhoons (>74 mph)
by closest approach to Guam between 1945 and 2820

Closest Approach Total Number of Number of Total Number of Number of
to Guam Tropical Storms Tropical Typhoons Typhoons/Year
Storms/Year
Within 180 135 1.85 103 1.37

Nautical Miles

Within 120 78 1.04 64 0.85
Nautical Miles

Within 60 35 0.47 26 0.35
Nautical Miles
(Direct hit)

The small size, as measured by DBH, and the lack of height in island trees is probably due to the

negative impacts of drough® AT A OOT Oi O 11 GuafAbsdad urdahiony 0008

environment as described ina previous section. The land development related to this
urbanization has a major impact on forests in the direct removal of trees and the fragmeiian

and degradation of forest.Fire is a major disturbance affecting forest health and is addressed in

other sections of thisplan.
Biotic Disturbances Affecting Forest Health

Invasive Plants

Invasive plants are a seriousE OAAO O1 ' OAI @D. R&diodallyOthete is the RakificA
Islands Ecosystems at Risk project or PIER which has an interactive online database thalists
495 plant species that are profiled as invasive or potentially invasive that occur in Guam.

It

includes those plants of environmental concern (including those that are probably of threat only

to islands with high elevations) as well as agriculturaand pioneer (ruderal) weeds. There are

current efforts by Guam Forestry, UOGand the Guam Invasive Species Advisory Committee

i')31r#q O1 EAAT OE AU OF 20 spe&ds)QHatta® Ghe RadtEpiolhicEvitiim

55 (NOAA, 2020b)
56 (PIER, 2020)
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native forests and have theapacity to radically affect forest health and function in a short period
of time.

In general, priority species are controlled using mechanical, chemical and biological methods.
Weeds of widespread importance in the western Pacific that are currently aer control actions
include cogon grass Ifnperata cylindrica), mile-a-minute vine (Mikania micrantha), Siam weed
(Chromolaena odoratflh  + T O O ACténda hité), Qienbserjsitive plant Mimosadiplotricha),
and root beer plant Piper auritum). Treessuch as Molucca albiziaKalcataria moluccang, African
tulip (Spathodea campanulatpand vitex (Vitex parviflora) grow at rapid rates and hinder growth
and establishment of native forests.

Quantitative data on invasive plant distribution is sparse, as ia unified island-scale strategy for
invasive species detection and management on Guam. A coordinated efferth Guam Forestry

and stakeholders, including GISAC, UOG, APHIS, and CAPS (Cooperative Agricultural Pest Survey),
is needed to centralize informaton and strategies to address invasive species information. There

is currently no clear islandscale strategy for invasive weed species management on Guam, though
stakeholders have been engaged through the GFAP process to develop a strategy for addressing
invasive plants (seeStrategy 4: Implement &orest Health Program: Unify Interagency Efforts
Control Invasive Specigs Refinement of the priority species, their effects, distribution, and
magnitude of disturbance requires focused effort, local capacity, leadership, and targeted funding

to pursue.
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Table 20. All invasive plant species by occurrence (# and % of all subplots present), average % cove
estimated acrage of forest covered (with SE) in the MC invasive subplots on Giam

Scientific Name # of % Average % Cover Acres of SE
Subplots  Occurrence Forest
Vitex parviflora 114 32 40 9,269 1,887
Leucaena leucocephala 105 29 21 6,860 1,408
Heterospatte elata 18 5 29 2,735 1,270
Antigonon leptopus 13 4 27 1,850 839
Averrhoa bilimbi 25 7 18 1,285 624
Epipremnum pinnatum 12 3 21 1,225 294
Mikania micrantha 108 30 4 1,113 504
Panicummaximum 15 4 26 565 247
Bidens alba 25 7 6 513 205
Pennisetum polystachion 26 7 8 506 229
Chromolaena odorata 122 34 3 424 118
Adenanthera pavonina 2 1 35 357 203
Syngonium podophyllum 7 2 8 295 144
Spathodea campanulat 5 1 9 223 111
Tradescantia spathacea 1 0 30 145 120
Mucuna pruriens 9 3 4 113 59
Stachytarpheta 22 6 2 86 39
jamaicensis
Euphorbia cyathophora 14 4 1 85 28
Arundina graminifolia 9 3 2 76 41
Imperata cylindica 4 1 6 17 25
Lantana camara 4 1 6 17 25
Momordicacharantia 1 0 1 1 2
Mimosa diplotricha 1 0 1 1 2

Feral Unguates

Feral pigs Sus scrofapnd Philippine deer Rusa mariana)are present throughout Guam and
inflict tremendous damage on forest stands. Pigs eat young seedlings and seeds, damage roots,
and may gouge the trunks of some trees, including cycads. Pigsoakpread invasive species,
including Annona reticulata Averrhoa bilimbi, and Annona muricatg which can form dense
stands that exclude most native tree and understory species. Deer also damage adult trees by
browsing, and through rubbings that effectivey girdle small trees. Seedlings and seeds are
consumed in their entirety, leaving many areas devoid of young trees and dramatically reducing
biodiversity.

57 (Micronesia Challenge 2019)
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Asian Cycad Scale

The Asian cycad scaleAulacaspis yasumatsyiwas detected in 2003 on the commonmamental
king sago palm Cycas revolutain Tumon Bay and rapidly spread to otheC. revolutawithin urban
areas. The scale also readily infests a cycad endemic to Gu@ygasmicronesicag that is a ce
dominant species of the native karstimestone and riparian forests. In 2005, the cycad blue
butterfly, Chilades pandavawas detected on Guam after having been previously collected on
Saipan. C. pandavecaterpillars further decreases the resilience of native cycads by feeding on
young emergent leaves, 8O OAAOAET ¢ T OAOAIT T 1 AAE AOAA AT A
infestations. Mortality rates of native cycad between 2004 and 2007 were estimated to be
approximately 9% per year on permanent transect88 suggesting the threat of extirpation ofC
micronesicawithin the next few decades. Nativ&€ycas micronesicaas placed on the IUCN Red
List of Threatened Species in 2008 and were listed as threatened by the U.S. Fish and Wildlife
Service in 2015.

In response to the outbreak of Asian cycad s@land its associated high mortality rates, a
coccinellid beetle Rhyzobius lophanthaewas introduced as a biocontrol agent from Maui, Hawaii.
While initial results with R. lophanthaeappeared promising, a subsequent decline in beetle
populations coupledx EOE EECE OAAAI ET C 11T OOAI EOU AOA OI
small, immature plants has limited its effectiveness. Other efforts to introduce parasitoid wasps
onto Asian cycad scale have not proven successful.

Coconut rhinoceros bede

The coconut rhinoceros beetle (CRBYryctes rhinocerod.., was detected at Tumon Bay and Fai
Fai beach inSeptember 2007 CRB is native to southeast Asia and was thought to be accidentally
introduced via cargo deliveries to Guam as early as 2005. CRB serious pest that affects palms,
including coconut, Cocos nucifera betelnut, Areca catechy and native Pandanusspp. Past
outbreaks of CRB in the Pacific have caused widespread damage. Nearly 50% of palms in Palau
were killed soon after its introduction there in 1942. Its presence on Guam, and more recently on
Rota in the Commonwealth of the Northern Mariana Islands (CNMI), poses a direct threat to other

58 (Marler and Lawrence 2010)

59 (IJUCN, 2020)

Guam Forest Action Plan 202 2030 Page |85



islands within Micronesia that rely on coconuts and related plants, as a major source of foaada
fiber.

OAT I O ET OOAAT OAOOET CO AT A 1 AOGCA OOAT AO 1T &£ AT
are threatened by CRB. Habitat for this large scarab beetle is plentiful. Larvae live in litter and

debris, of which there is an abundance due to ¢in levels of dead and dying coconut palms
generated from typhoons and tropical storms. Potential native vertebrate predators of beetles,
including birds, have been largely reduced or extirpated on Guam by the brown treeake and
development activities.

An interagency incident command team has been in place since the initial stagd€RB infestation

iIT ' OAi xEOE A Ai i1 PAOAOEOA AOAAEAAOQOEIT DHOIT GCOAI
Service, the Guam Department of Agriculture, and the University of &u. Monitoring traps are
positioned along roadsides throughout Guam, with a focus on the urban centers. CRB has also

been observed on other hosts such as fan palms, which is an indication of further CRB spread.

In many countries, two diseases have beeamsed as biocontrol agentg one fungal,Metarhizium
anisopliag and one viral,Oryctessp., which may prove to be an important component in an
Integrated Pest Management (IPM) strategy on Guam. Managing CRB spread on Guam is of
imperative concern for subgstence communities that are reliant on coconut for a major food

Ol OOAA Al OAxEAOA ET -EAOITAOGEA8 ' OAiI 60 EIi bi O0OA

goods and services allows for potential vectors of spread to other islands that do not have CRB
Little fire ant

Little fire ant (LFA) has been placed in the top 100 of worst invasive species worldwide. It quickly
spreads by human intervention throughout forest and residential areas. In the areas it infests, native
populations of insects and other aimals are decimated and often eliminated, creating an ecological
desert. LFA may move indoors infesting homes and pose significant health threats to those with
allergies to insect venom, which may require hospitalization in severe cases. Areas sucha¥® or
private gardens or orchards may be rendered unusable due to the presence of the ants, which sting
anybody venturing into infested areas. Animals in LFffested areas may become agitated due to
repeated stings, and stings on animal eyes may resuh irreversible blindness due to corneal
damage. Populations of pestiferous insects, primarily among the Hemiptera such as aphids,
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mealybugs, and whiteflies, may be enhanced by the wealeveloped attendance behavior of LFA,
which may in turn result in ccop and ornamental damage due to increased vectoring of plant diseases

as well as direct feeding damage to plants.

Past and ongoing projects funded by the USDA Forest Service and USDA APHIS to combat LFA have
allowed the University of Guam to modify techrques developed by the University of HawaiHilo Ant

Lab under the direction of Dr. Cas Vanderwoude, that have proven effective on Guam. In addition,
USDA APHIS has provided funds for LFA surveillance on Guam and in the CNMI, resulting in a small
core of rained personnel at the University of Guam and in local and federal government agencies
with expertise in identifying and treating LFA. We estimate that well over 50 sites on Guam are
infested with LFA, ranging from federal DOD lands at Andersen South (RB), National Park Service
Lands, Guam public lands, and private and commercial lands throughout the island.

Little fire ant (LFA), Wasmannia auropunctatawas detected in November 2011 at a single forested
site near a green waste landfill in northern Gam. Subsequent LFA surveys throughout Guam and
the adjacent islands of Saipan, Tinian, and Rota suggest that it is presently established on over 50
sites on Guam alone. These sites include the original detection site on about 5 ha of kinsestone
forest surrounding an active green waste hardfill near Yigo in northern Guam, watersheds in
southern Guam, and numerous forested areas, small farms and residential areas throughout the
island. Previous LFA infestations in the Pacific Basin include those oétfive major islands of Hawaii,
New Caledonia, and Northern Queensland, Australia. These LiRfested regions all have air and sea
connections to Micronesia. The devastating effects of LFA on agriculture and forest ecosystems
observed in LFAinfested areas in Hawaii, AustraliaNew Caledonia American Samoa, and Yapre
being repeated on Guam and potentially may occur on any other Micronesian island infested by LFA.
LFAspread to and throughout Guam is most likely due to human transport of infestedagit material.

Technology has been developed in Hawaii at the University of Hawiilo, in New Caledonia, and
Australia to eradicate or manage LFA infestations. These techniques have been successfully adapted
for use in LFAinfested areas on Guam. Paspproaches to LFA management focused on the
application of appropriate environmentally safe insecticides applied in a manner where LFA
workers will carry the toxicant back to the many reproductive queens in the colony. These queens
ingest the toxicant,die and over time the entire colony is destroyed. Any strategy adapted from
outside of the humid tropical islands of Micronesia must be adapted to the unique conditions of
Guam to be effective. The most promising strategy for LFA control is the applicatiof ant specific
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toxicants using handheld applicators. Granular bait formulations of insecticides are applied to
control ground dwelling LFA colonies, while a sticky gelatinous bait matrix containing insecticide is
squirted onto the trunks and crowns oftrees within LFA- infested areas. The ants feed on the baits
ingesting the insecticide in sub lethal doses which are then transported by workers to the main

colony and to the reproductive queens. Upon ingesting the bait and the insecticide, both workers
and reproductive queens across the entire habitat spectrum occupied by LFA are eventually
intoxicated and die. This system has been used successfully in Hawaii to eradicate LFA from small

areas of tropical forest and farmland and has proven effective in OAT 6 O &I OAdad A O

applications to include the use of drone technology are being applied locally.

Casuarina Dieback

Casuarina equisetifoliagago or ironwood, is a hardy, pioneer, salresistant tree that occurs on
both limestone and volcanicsoils. Its ability to fix free nitrogen allows it to thrive on coastal sands
where few other plants can survive. Native to the Marianas, including Guam, ironwood is widely
used and propagated for windbreaks, reforestation and erosion protection progranan southern

' OAI 60 OI 1 AATEA OIEI 08 'l OET OCE 1T OiAllTU A
occurring on Guam. The health and survival rate of ironwood trees on Guam have been declining
due to fungi and bacteria and aseriesofse®&UDPET I T O AOOET C ¢ mre 8

and Pongsoné&! caused widespread limb breakage and defoliation. The USFS FIA program
estimated that Guam had 116,000 ironwood trees 5 inches in diameter and greater during a 2002
forest inventory and that trees wee generally healthy. Today, tens of thousands of these trees are
dying on Guam. The decline is exacerbated with frequent fires in the savanna grass areas.

Casuarina dieback is most likely due to a bacterial wilRalstonia solanacearur2 A complex of
biotic and abiotic factors also can contribute tdree decline. Possible biotic factors include fungi
of the genera Ganoderma Pestalotia Botryosphaeria and Fusarium as well as several yet
unidentified fungi and bacteria. Insects, including termites, rad a gallforming eulophid wasp,

tentatively identified as belonging to the genuselitrichodeqEulophidae: Tetrastichinaé can also

affect tree health.

60 (July, 2002)
61 (December, 2002)
62 (Schlub 2019)
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In addition to typhoons, abiotic factors affecting Casuarina include severe drought and proximity
to urban developments. The healthiest ironwood treesre in native stands on Cocos Island, 1.6
miles off the southern tip of Guam, and ahe Guam National Wildlife Refuge aRitidian Point on

the northern tip of Guam. Casuarina decline appears to be distributed randomly across Guam and
is also reported from Rota but not Saipan or the FSM, where it is native, nor on Hawaii where it

has been introduced and widely planted.
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Synthess of Issues. Actions Meeting M ultiple Objectives

As mentioned in the Stakeholder Issues sections above, each of the 6 Stakeholder Issues are
interlaced with each othe, so shgle, targetedmanagementactions can meet multiple objectives
identified by stakeholders. Likewise, objecties and funds from multiple S&PF Programs can be
applied to single activitieson the landscape, and used to increase efficiencies in implementation,
maintenance and monitoring.

This section synthesizes the threats and processes and identifies specific laoas of planting and
treatment activities that are the Highest Priority Areas br Treatment®3to satisfy the broadest
range of threats, over the broadest range of issues, under the broadest range of S&PF Programs
and Ndional Themes. This section listshe Highest Priority Areas in the urban zones and around
forested areas, and does not preclude the importance of the Priority Areas in prior sections. These
areas are in fact a subset of Priority Areas from multiple issues, and represent the framework to
conduct the first implementation actions for treatments on the landscape in the nextO years
(Figure 33).

Bringing Broad Stakeholder Issues to Specific Threats

The six issues identified by stakeholders are linked to major islandcale risk factors that meet
the three National Themes. The three major drivers include: fragmented forests, risk of severe
fire behavior, and population growth associated with the military buildup.Table 22 displays the
primary drivers of degradation on Guam and how they are related to the stakeholder issues.

B8O0( ECEAOO DOETI OEOU6 AOAAO AOA 110 OEA 171U DPOEI OEOEAO
should be considered thdirst areas to apply treatment.
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Table21. Synthesis of Threats and Major Drivers to Issues Identified by Stakeholders.

Major Drivers Affecting Stakeholder Issues

Fragmented Forests

and Conversion to Development and

Stakeholder Issues Grasslands & Fire Risk Military Build -up
Savannas
S . L Associated with Fire risk increases
1. Wildfire and Public Safety Increases fire risk altered veg. cover expansion into forests
Construction and
Reduces water Removal of veg. cover | development directly
2. Water Quality and Supply capture & increases | increases impact water quality;
sedimentation sedimentation increased water supply
demand
Limited (and Fire threat to remaining |Direct risk of deforestation
3. Deforestation of Native and | unknown) intact intact forest by construction of military
Old Forests forests remaining facilities, as well as private
development driven by the
buildup
Altered forests
threatened from Direct threat of fire in | Increased populationi
4. Urban Forest ; : e
Sustainability invasive plants, _urban areas_,Flre risk removal_ of forest
: ' insects and disease; | increases with canopy in developed
Population Gro wth : . oo 2 X
- Increased population | increasein Wildland areas;direct population
and Urbanization . . I
contributes to forest | Urban Interface increase due tomilitary
removal and buildup

pressure on
remaining forests

Conversion to Increased fire Increased development
5. Degraded Lands non- forest frequency is a and population are
communities primary cause factors for increasing
increasesacreage of degraded acreageof degraded
of degradel lands lands lands
_ _ Increases edge _Open_s corndqrs for Increased development
6. Invasive Species and effect and invasive species

exposes vulnerable

X reinvasiv i i

Forest Health exposureinvasive !ntroductlons, and forest resources to
flora/fauna increases otential threats
introductions fragmentation of P '
impacts forest resources.

Management options or strateges associated with the stakeholder issues are fundamentally tied
to mitigating the threats or risks on natural resources. In many cases, these involamilar
treatments (e.g.,tree planting); targeting specific areas that meetnultiple objectives is a cost
effective method for land management that accomplishes goals of multiple programs and is met
with broad stakeholder agreement (and potentially matched funds).

Overall, there is a need to protect forests from fire risk, reduce fragmentation, and degiation:
these landscapes have been spatially identified as the Highest Priority Areasreas have been
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identified that are within a narrow edge to standing forests where fire behavior risk is moderate

to high, posing a threat to standing stocks from fireshat are difficult to suppress. A program
managing wildfire risk to prevent, isolate and control fires requires pre active treatments, rather

OEAT OOAAAOEOAG OOAAOI AT OO j O0ODD O AaaddrEriageorest 1 U Q8
fragments to makelarge, contiguous blocks of fores more defensible by incorporating thinning,

lifting canopies, removing ladder fuels, regular maintenance to increaderest resilience to fire,

decrease fire size, and isolate the opportunity for future fires to exist.

Pro-active fuels treatments (e-establishing native tree cover fuel breaks, etc.) to prevent, isolate
or control fires will also aide in meeting water quality objectives. Burned areas are more
susceptible to sediment runoff. Grassland/savanna areas idefied as known sediment delivery
sites pose additional threats to water quality should these sites burn.

Population growth on Guam is anajor consideration and poses potentially severe impacts to
natural resources. The military expansion is scheduled to castruct housing and training facilities

on approximately 1,000 acres. Secondary effects of the military expansion are less quantifiable,
and involve the creation of new roads, power lines, increased recreation, increased traffic and
potential new secondarycivilian developments (housing, shopping centers, etc.yhe Cooperative
Fire Program has been in regular communication with DoD fire and emergency response
departments and DoD environmental with regard to firebreak, greenbelt, and prescribed burn
discusdons and planning. Prescribe burn has been identified as a potential useful management
tool but the use of prescribe burn must be carefully considered for Guam, as the entire island is
considered a coastal zone, and impacts from fire are felt immediatelyithin watersheds.
Additionally, the Urban and Community Forestry Program is active and will continue to expand
engagement opportunities by working with but not be limited to nonprofit organizations,
community groups, Government of Guam agency partners clu as the Guam Hotels and
Restaurants Association, Guam Visitors Bureau, Guam Power Authority, Department of Parks and
Recreation, the Urban and Community Forestry Advisory Committee and DoDEfforts shall
include engaging vegetation management businesseand agencies (landscapers, maintenance
crews, University of Guany College of Natural and Applied Sciences and partners) foontinued
efforts toward developing tree ordinances and other mechanisms tavoid deforestation as well

as planting additional trees to meet other objectives (water quality, etc.).

All programs will benefit from Readiness and Environmental Protection Integration (REPI)
program funding that was awarded to Guam in 2020. dllaborative efforts are underwaybetween
DoDand Guam Forestry

The magnitude and extent of the key threats are summarized two sections: one for theurban
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environment and the other for the forested areas outside of the urban zone. The information is
presented in this way to facilitate the relationship between ahreat and the S&PF program that
best addresses the threatin many instances, S&PF Programs that are currently managed separately
are combined in the strategy to fully address the issue.

The following two sections outline a total of 13,098 acres that arthe Highest Priority Areas for
treating multiple objectives. Approximately 4,178 acres are in the urban areas and 8,920 acres
are located around forest fragments. Detailed tables and maps are provided in these sections.

Meeting Multiple Objectives: The Urb an Environment Highest Priority Areas

Table 16summarizes the extent of the urban area by watershed and identifies critical areas that
are the Highest Priority for treatment (Figure 33). This does not preclude priorities forother
issues, but provides orthe-ground locations for how asingle treatment (tree planting) can
mitigate multiple threats and meet objectives for multiple stakeholder issues.

These areas focus on the combined effects wildfire and public safety (Issue#1), water quality
and water supply (Issue #2), deforestation of native and old forests(Issue #3), urban forest
sustainability, population growth and urbanization (Issue #4), and minimizing degraded lands
(Issue #5), invasive species and forest health ($s1e #6). Planting trees in theseareas are within
the Urban, Stewardship andCooperative FirePrograms Monitoring the plantings and expanding
forest patches to close the distance betweeexisting fragments also falls within the objectives of
Forest Healh programs.

A total of 4,178 acres were identified in theurban areas and associated 50&. buffer zone for
treatment to meet these multiple objectives Table 23). These acres are mapped in the Priority
Area map inFigure 33. The columns in the table describe the following:

¢ \Watershed Acres. Total acres in thevatershed.

¢ Area Classified as Urban Acres. The mapped areas included in the urban zone. The
urban zone included spatial layers flom the PIC Veqg layer) identified as: 1) Urban Built
up, primarily mapped impervious surfaces such as buildings, parking lots, and roads,
and 2) Areas mapped as Urban Open Space, which are akeitisin the urban zone that
are not identified asforested.

¢ Urban Buffer Acres . This is the total number of acres within the 500 ft. buffer zone
mapped around the UrbarZone.

¢ Forested Acres within the Urban Buffer: The area within the within the 500 ft. buffer
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that is classified as forested (includes individal trees plus foresfragments).

¢ Highest Priority Area for Planting Treatments in the Urban Buffer  : This is the land
area that is currently not forested (but potentially will support trees) in the urban zone,
where fire risk is moderate or higher and thelocation was identified as delivering
sediment to streams. These are considered the firtine of planting for urban forestry,
based on an ecosystem threat basis. These acres are mapped Rigure 34.
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Highest Priority Areas:
Planting in Urban Zones

Target Tree Planting Locations:

1. Reduces fire risk in the Urban Zone
2. Reduces sediment delivery to streams
3. Increases Urban Forest cover
4. Builds on Existing Forest Cover
5. Crosses Multiple Communities

4 178 Acres to be Treated

e i
¢ < PSS
.' ; -%. \ . -

Watersheds

- Forest and Trees
- Highest Planting Priority
Urban Areas + 500 ft buffer

0 15 3 6 9 12

e \iles
Figure 29. Highest priority areas for planting in urban zones to meet multiple objectives.
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Table22. Highest priority urban planting treatment areas to meet multiple objectives within the urban intermix zone.

Region Watershed Watershed Area Urban Forested Highest Priority
Acres classified Buffer Area within Treatment
as Urban (500 ft. the Urban Areas for Fire
(Acres) buffer in Buffer Risk and Areas
acres) (acres) Producing
Sediment to

Streams
Pago 6,683 1,536 2,907 1,371 289
Ylig-Togcha 10,067 3,038 5,773 2,735 397
S Talofofo 15,016 3,007 5,283 2,276 652
g Ugum 4,851 189 301 111 29
AsalonseDandan 4,183 755 1,477 720 50
Inarajan 5,564 946 1,502 560 174
Manell 3,107 525 931 406 118
Geus 1,120 330 498 169 112
Toguan 903 302 391 90 89
Umatac 2,447 549 705 156 232
S Cetti 1,928 280 361 81 135
2 Taelayag 1,639 428 641 214 78
= Agat 2,511 1,378 2,036 660 145
Apra 8,283 4,137 5,951 1,813 466
Piti/Asan 1,993 1,033 1,555 522 282
Fonte 1,575 669 1,224 556 102
c Agana 8,717 5,679 8,192 2,513 324
g Mangilao 8,772 3.406 6.810 3,400 101
S Northern 44,971 19,087 | 34,682 14,671 403

Meeting Multiple Objectives: The Forest Environment Highest Priority Areas

Table 24provides similar information for the forested environment outside of the urban zones.
The purpose of this table is to illustrate the extent of forests in the watershed and identify the
Highest Priority Treatment areas based on addressinguultiple objectives.

The primary objectives met by these priorities coveall of the following: wildfire and public safety
(Issue #1), water quality and water supply (Issue #2)deforestation of native and old forestglssue
#3), urban forest sustainability, population growth and urbanization (Issue #4), degraded lands
(Issue #5), invasive species and forest health (Issue #6)'hese cross multiple S&PF programs:
Cooperative Fire, Feest Health, Forest Stewardship, Urban and Community Forestgnd Forest
Legacy
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A total of 8,20 acres have been identified as Highest Priority areas whemanting activities can
be conducted to meet these multiple objectivesT@able 24). Planting in these areas will increase
resilience of forest fragments to invasivespecies, storm events and fire. These acres are mapped in
Figure 34 and should be considered the starting place and justification for building planting
projects with stakeholders, including willing private landowners.

The cdumns in Table 24describe the following information for each watershed:

s Forested Acres/Watershed Total Acres : This column illustrates the extent of
i OAOOAA AOAAO xEOEET OEA xAOA GeepashtiaestO&T OAO
types but also to forestfragments.

* High Priority Area for Fire Treatment to Protect Forests : These areas are the acres in the
300 ft. buffer around forest fragments that are in need dfeatment within each watershed.
These acres arelte sum of the areas identified as Moderate, High, and Extreme risk for fire.
This approach identifies the magnitude of fire prone areas within each watershed.

Sediment delivery is identified in the table in two ways, because both the total delivered
sediment and the sediment yield can be used as dimensions of the sediment issue in prioritizing
for different objectives:

e Estimated Delivered Sediment : This is the estimated annual total sediment delivered
at the mouth of the watershed expressed as tons pgear. This estimate is influenced by
two factors: the number of acres identified as contributingreas,and the total watershed
area. For example, a larger watershed with a lower percentage of contributing areas and
low erosion rates per acre can produce wore total sediment than a smaller watershed
with more severe erosion. The total delivered sediment is a critical factor to consider
when setting priorities for reduction of sediment to reefs.

¢ Delivered Sediment Yield : The delivered sedimentyields as expressed in tons per acre
per year provides an indicator of the severityof erosion and sediment delivery in the
watershed. Acres targeted for planting will reduce delivered sediment fahat acre.

The final column in the summary table represents areas wine multiple threats exist, and planting
trees will mitigate these risks and threats (Highest Priority Treatment Areas).

¢ Highest Priority Treatment Areas to Address Multiple Objectives: This column
identifies the acres where one would get thenost benefit for the cost of treatmentz the
highest priority areas that will meet multiple objectives. These acres combine risks to meet
multiple objectives by: (1) being within 300-ft of a forest edge (forest at risk of fire and
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fragmentation), (2) delivering sediment to streams, and (3) having moderate extreme fire
behavior risk. The acres represented here are a conservative estimate for actual treatment
needed, as actual projestmplementation will include neighboring areas.

Current efforts toward planting restoration projects to meet some of these objectives are in Cetti
Bay, with a 50@acre planting project to mitigate reef damage from Kilo Wharf Expansion Project.
These priority area maps will assist in the refinement of planting to target those areas producing
the most sediment.

Similar watershed restoration projects can be brokered using these Priority Areas with
stakeholders and partners, including the DoD, US EPA, NOAA Fisheries, and the National Park
Service.

Guam Forest Action Plan 202 2030 Page |98



Figure 30. Highest piority areas for planting along forest edges to meet multiple objectivé®10 SWARS
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