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1 Introduction

Under a Naval Facilities Engineering Command (NAVFAC) contract for Architect-Engineer
Services for Environmental Planning to Support Strategic Forward Basing Initiatives and in
support of the Marine Corps Relocation Initiative to Various Locations on Guam, the TEC Joint
Venture received Task Order (TO) 0016 with subsequent modifications and TO 0007 Mod 04 for
Natural Resources (NR) Surveys on Guam. The purpose of these TOs is to provide the necessary
data to support the Environmental Impact Statement (EIS) for the Joint Guam Program Office
actions relating to the relocation of the Marines by filling existing data gaps identified in the
Final Natural Resources Survey and Assessment Report of Guam and Certain Islands of the
Northern Mariana Islands (NAVFAC, 2007). Natural resource surveys were conducted on
Department of Defense (DoD) and non-DoD lands on Guam (Figure 1-1).

This report provides a summary of the natural resource surveys performed under the TOs. The
detailed survey reports developed by the TEC JV team members are found in this report’s
appendices.

1.1 DoD Lands and non-DoD Lands Considered

To meet the anticipated increase in personnel and to support proposed training activities,
construction is planned at numerous military properties and non-DoD lands on Guam. DoD lands
included the following: Andersen Air Force Base (AAFB), including AAFB Finegayan and Potts
Junction; Andersen South; Air Force Barrigada; Navy Barrigada; North Finegayan; South
Finegayan; Navy Main Base, including Inner Apra Harbor, Camp Covington, and Orote Point;
and the Naval Munitions Site (NMS). Non-DoD lands included the Harmon Annex, Route 1
River Crossings, Route 15 Lands, Proposed Option Road A, and the former Federal Aviation
Administration (FAA) Parcel. Figure 1-2 identifies the locations of these parcels on Guam.

1.2 Natural Resources Surveys

In order to assess the potential impacts to natural resources resulting from the buildup on DoD
lands and non-DoD lands, a variety of natural resource surveys were conducted. These surveys
included avian, butterfly, fruit bat, reptiles and amphibians (herpetofauna), marine waters, tree
snail, and vegetation. Appendix A contains the descriptions of many species that were observed
during the surveys. Table 1-1 identifies the surveys that were performed at each location. For
each survey type a detailed technical report was prepared and these are provided in Appendices B
through 1.

1.3 Structure of the Report

Chapter 1 is this introduction. Chapter 2 identifies the methodologies that were utilized for each
survey. Survey methodologies were generally conducted in an identical manner on each parcel;
although, if there was a change in methodologies, the differences are noted. Chapters 3 through
13 provide a summary of the results of the natural resources surveys that were conducted on each
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parcel. The detailed survey reports provided by the project team are found in Appendices B
through I.

Table 1-1

Natural Resources Surveys Conducted on Each Parcel

Survey
RG2S Avian | Butterfly AL RIEPEe- Marine L2 Vegetation
Bat fauna Snail
Air Force
Andersen AFB \ \ N N
AAFB Finegayan S S S
Potts Junction v S
Andersen South \ \ N N N
Air Force Barrigada \ \ S S
Navy
Main Base
Inner Apra Harbor y
Oscar and Papa Wharves N
Polaris Point N N N N
Camp Covington Wetlands N
Orote Point \ N N
NMS N \ \ \
NORTH Finegayan \ \ \ \
South Finegayan N N N
Navy Barrigada
Non-DoD
NMS Proposed Access
Road Option A v v v v
Former FAA Parcel N N N N
Route 15 Lands* \ N N N N
Route 1 Crossings N N N N
Harmon Annex**

Notes: *Route 15 Valley not surveyed due to access issues.
** The Harmon Annex was not surveyed as similar habitat exists on nearby parcels.




Natural Resources Survey Report
December 23, 2010

2 Methods

In order to support the EIS analysis, a field program was conducted to collect necessary data not
available through past studies. The field program gathered data on vegetation, herpetofauna,
avifauna, tree snails, butterflies, fruit bats, and marine species occurring within specified DoD
and non-DoD lands.

The field program was originally proposed in the Guam Natural Resource Surveys Draft
Sampling Plan (AECOM, 2007) and finalized in the Guam Natural Resource Surveys Pre-Final
Sampling Plan, Revision 1 (AECOM, 2008) based on Navy comments. Field surveys for fruit
bats and butterflies were performed using protocols approved by the Navy and not incorporated in
the sampling plan. Field studies commenced following the approval of this document.

The data collected as part of the field program will be included in the EIS to assist in the
assessment of potential impacts to the following: federally threatened, endangered, and candidate
species and their habitats; species of biological or cultural significance; and to terrestrial and
aquatic habitats from the development of infrastructure for proposed basing and training facilities.

A key component of the field effort was to survey several terrestrial transects on each property.
Table 2-1 shows the number and length of transects that were surveyed on each parcel. The
transects were placed within each parcel to provide representative converge of the various
habitats and natural resources surveyed. The length of each individual transect is identified in
Table 2-1 and within the various natural resource survey reports provided in the appendices.

2.1 Herpetofauna

Two separate efforts documented herpetofauna on DoD and non-DoD parcels. One effort,
completed by the TEC JV biologists surveyed herpetofauna on ten parcels. The other effort,
which was completed by NAVFAC Pacific biologists, surveyed herpetofauna on three parcels. A
description of the methods used for each effort is provided in Subchapters 2.1.1 and 2.1.2.

2.1.1 Herptofauna Survey - Andersen AFB; Andersen South; Navy
Barrigada; FAA Property; NMS; North Finegayan; Orote Point; RT15
Lands; South Finegayan; and Proposed Access Road Option A

Herpetological surveys were conducted between the February 17, 2008 and October 21, 2009 on
the following locations: AAFB; Andersen South; Navy Barrigada; FAA Property; NMS; North
Finegayan; Orote Point; RT15 Lands; South Finegayan; and Proposed Access Road Option A.
The surveys were conducted on the 10 parcels and 53 transects. The surveys were conducted
nocturnally (targeting gecko species) and diurnally (targeting skink species) to increase the
possibility of encountering as many species as possible within appropriate habitats along survey
transects within each parcel. Multiple transects were established to survey each parcel’s habitats
(e.g., forest, grassland, etc.). The surveys were performed by up to three biologists on each
transect utilizing both glue-board and visual surveys, as described below. The herpetofauna
survey reports that further details the methods are located in Appendix B.
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Table 2-1

Number and Length of Terrestrial Survey Transects for Each Parcel

Total
Site e e Length of Individual Transects
Transects Length
(m)
DoD Parcels
Transect 1 is approx. 183 m in length.
Transects 2 and 3 are 305 m in length.

Andersen AFB 7 2,100 | Transect 4 is approx. 427 m in length.
Transects 5, 6, and 7 are 400 m in
length.

Transects 1 — 6 are 152 m in length.

Andersen South ! 1,150 Transect 7 is 500 m in length.

Air Force Barrigada 3 550+ ;er?gtiect is Approximately 5050 m in

. . Transects 1 and 2 are 76 m long.

Main Base - Orote Point 4 375 | Transects 3 and 4 are 152 m long.
East Transect is approximately 400 m in

Main Base — Polaris > 650" length.

Point West East is approximately 250 m in
length

E:/Ic?\l/ri]ngasr?v_\/ectgngs 1 1,700* | Transect is 1,700 m in length.
Transect 1 is approximately 1,000 min

NMS 11 3,795 | length. .

' All other transect are approximately 137
m long.
. Transects 1 and 2 are 152 m in length.

Navy Barrigada 3 550 Transect 3 is 250 m in length.
Transects 1-8 are 133 m in length.

North Finegayan 9 1,700 | Transect 9 is approximately 516 m in
length

South Finegayan 2 150 Transects 1 and 2 are 76 m in length

Non-DoD Parcels

Former FAA Parcel 3 450 Transects 1 -3 are 152 m in length.
Transect 1 is approximately 250 m in
length.

Route 15 Lands 3 1,300 ;er?gtiect 2 is approximately 550 m in
Transect 3 is approximately 500 m in
length.

Route 15 Valley** 1 500 Transect is 500 m in length

AAFB Finegayan 2 1,000 Transects are 500 m in length

NMS Proposed Access
Road

No formal transects were utilized for this parcel. Surveys occurred
within discontinuous forested areas.

Notes: * Length approximated.
** Parcel not surveyed due to access issues.
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2.1.1.1 Glue-Board Surveys

Glue-board surveys were conducted to capture small, cryptic species that may be more difficult to
identify from a brief encounter during a visual survey. Size of the animal, placement of the trap,
habitat type, and weather all have varying effects on the probability of capturing reptiles using
glue boards. On each transect, two “mouse” glue boards were set at 15 meter (m) intervals, one
on the ground and one in a nearby tree; if a tree was not available, only a ground trap was used at
that particular station. All glue boards were set in the shade adjacent to and approximately 1 m
from the transect. If rain was heavy or persistent, trapping was aborted.

The times at which traps were set, checked, and removed on each transect were recorded. During
diurnal glue-board surveys, traps were checked no more than four hours from opening, but were
usually checked after two hours. If mortality rates were greater than 15 percent, traps were
repositioned to a more protected location to reduce mortality. During nocturnal glue-board
surveys, traps were left open for no more than 14 hours unless mortality rates were greater than
20 percent, in which case traps were closed earlier. The aim was to maintain mortality rates below
10 percent.

When checking traps, personnel returned to the beginning of the transect without disturbing the
transect. Traps were checked in the same order as they were set. Humane removal of individuals
from glue boards was imperative. When removed, animals were released slowly from the boards
so that the glue released with minimal strain. If for some reason the glue was less yielding, a thin
line of vegetable oil was applied to the attachment location.

2.1.1.2 Visual Surveys

Visual surveys were performed to identify species that might not be captured on a glue board.
Visual surveys were conducted both nocturnally and diurnally. Day surveys commenced between
0800 and 1000 hours and night surveys between 1830 and 2030 hours. Search speed was set at
approximately 0.5 kilometers per hour. All visual surveys were conducted by two trained
biologists simultaneously, each assigned to opposite sides of a transect. If the transect was too
narrow, searchers were staggered, but not further apart than 4 m.

When a species was encountered, the time, location along the transect, species, rain, and perch
information were all recorded. Any unidentified individuals were captured where possible to aid
in identification. In some instances, photographs were taken to verify identification and to
document interesting occurrences.

2.1.2 Herptofauna Survey - AAFB Finegayan, Air Force Barrigada, and
Polaris Point

Herpetofauna surveys were conducted by NAVFAC Pacific biologists on AAFB Finegayan,
North Finegayan, Air Force Barrigada, and Polaris Point between August and November 2008.

Reptiles and amphibians were sampled by visual surveys on transects and glue board, trapping on
the same transects. Visual surveys were performed during the morning and evening hours.
Adhesive traps were placed every 15 m on the transect up to 15 traps. One trap was placed on the
ground and one was stapled to the nearest tree at approximately breast height. Ground traps were
placed between 0800 am and 0900 am and left out for four hours. Tree traps were placed at the
same time but left overnight. Tree traps were checked in the late afternoon so that lizards could be
removed before nightfall. For more information regarding this survey, refer to Appendix C.

5
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2.2 Vegetation

Qualitative and quantitative vegetation surveys were conducted on DoD and non-DoD parcels.
Descriptions of the surveys are provided below. The vegetation survey reports that further detail
the methods of the surveys, the dates each parcel was surveyed, etc., are located in Appendix D.

2.2.1 Qualitative Surveys

General walk-over surveys (qualitative) were conducted from July 7 to July 9, 2009 and
December 9, 2009 to January 20, 2009 at the following parcels:

« AAFB (the specific task was to document the presence of host plants for butterfly species
that are candidates for listing under the Endangered Species Act (ESA).

« North Finegayan, NMS Almagosa Basin, and the proposed NMS Proposed Access Road.

« Route 15 upper plateau lands (Firing Range Option A lands being considered in the EIS).

Surveys consisted of walking transect lines in areas where the identities of specific vegetation
communities were uncertain, where edges of certain mapped community types were uncertain, or
in areas where specific activities are proposed (e.g., the proposed Access Road Option A and
Andersen AFB, where new utility lines are proposed).

Plants specifically searched for are Federal- or Guam-listed species or are those identified in the
Guam Comprehensive Wildlife Conservation Strategy as species of greatest conservation concern
(GDAWR 2006). Also searched for were host plants for ESA-candidate butterfly species. Plant
names referred to in the text are based on Raulerson (2006).

2.2.2 Quantitative Surveys

Two separate efforts documented herpetofauna on DoD and non-DoD parcels. One effort,
completed by Navy contractor biologists, surveyed herpetofauna on ten parcels. The other effort,
which was completed by NAVFAC Pacific biologists, surveyed herpetofauna on three parcels. A
description of the methods used for each effort is provided in Subchapters 2.2.2.1 and 2.2.2.2.

2.2.2.1 Vegetation Survey - Andersen AFB; Andersen South; Navy Barrigada; FAA
Property; NMS; North Finegayan; Orote Point; RT15 Lands; South
Finegayan; and Proposed Access Road Option A

The goal of the quantitative vegetation surveys is to locate Federal- or Guam-listed species or
ones identified in the Guam Comprehensive Wildlife Conservation Strategy as species of
conservation concern and to characterize the habitat types through a visual walk and conducting a
point-quarter survey over the entire length of each transect. Vegetation surveys were conducted
using the following methods:

« Quantitative surveys were performed along several transects within each parcel. Along
each transect, stations were placed at a minimum of every 50 m to identify species. At
each station, quarter plots were placed, and the tree that was greater than 2 centimeters
diameter at breast height (cm dbh) closest to the transect in each quarter was measured at
dbh.
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« Within a 5-m radius around the station plot, the presence or absence of ungulate sign
(deer and pigs) was noted and vegetation was counted and identified to species for tree
seedlings that were smaller than 2cm dbh.

« Ground cover was assessed with a 50-cm by 50-cm polyvinyl chloride (PVC) square grid
or quadrat frame. At each station the frame was dropped in one of the cardinal directions
approximately 1 m from the station center. The types of ground cover recorded were litter
(dead vegetation), rock, bare soil, or live vegetation.

« All observations were recorded in a field log book or on data sheets.

Quantitative surveys were performed by Navy Contractor biologists during February, March, and
April of 2008.

2.2.2.2 Vegetation Survey - AAFB Finegayan, Air Force Barrigada, and Polaris
Point

In addition, vegetation surveys were conducted by NAVFAC Pacific biologists on AAFB
Finegayan, Air Force Barrigada, and Polaris Point between August and November, 2008. The
results of those surveys are provided in Appendix C.

2.3 Butterfly Surveys

From September 28 to October 2, 2009 and January 25 to 31, 2010, butterfly surveys were
conducted on three transects at Andersen AFB, one transect on Andersen South, and one transect
on Air Force Barrigada. The butterfly survey consisted of two methods: timed counts and baited
traps. Descriptions of these methods are provided in the sections below. A butterfly survey report
is provided in Appendix (E).

2.3.1 Timed Counts

Timed counts were conducted along linear transects within each of the three parcels. At 30-m
intervals, two biologists stood back-to-back and enumerated the observations of all butterfly
species within a 5-minute period. The areas investigated along the transect consisted of 20-m
diameter circle plots. The biologists communicated with each other frequently throughout the
survey period so as not to count the same individual butterfly twice.

2.3.2 Baited Traps

Two baited traps were placed on each transect during daylight hours. The bait consisted of a
mixture of mashed ripe bananas, apple cider, sugar, and yeast (Photo 2-1). At the end of the
trapping period, which lasted approximately six hours, the traps were checked, and captured
butterflies were noted and then released.
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Photo 2-1 A baited butterfly trap hanging on a survey transect.

2.4 Marine Surveys

Inner Apra Harbor is a natural embayment formed by tectonic activity along the Cabras Fault.
Apra Harbor is a deep-water lagoon bounded on the north by Cabras Island and the long, curving
Glass Breakwater. Two rivers — the Apalacha and Atantano — drain the volcanic mountain land
to the east of Apra Harbor and empty into the inner harbor (Randall and Holloman, 1974).
Although naturally formed, Inner Apra Harbor has been extensively modified by dredging,
construction, and fill by the U.S. Navy since 1945 (Paulay et al., 2001). The inner harbor was
dredged, changing the southernmost part of the original lagoon from a reef-choked, silty
embayment into a harbor with a nearly uniform depth and mud bottom.

2.4.1 Marine Fauna and Flora Survey — Inner Apra Harbor
The specific objectives of the marine surveys were the following:
e Quantitative assessments of corals.
o Quantitative assessment of select macro-invertebrates.
e Fish census.
o Assessment of essential fish habitat (EFH).
o Assessment of endangered species (including federally listed, proposed for listing, and

candidate species, as well as those similarly listed or otherwise recognized by Guam) to
include abundance and preferred habitat, if any.
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e A subjective evaluation of survey areas using the four criteria for Habitat Areas of
Particular Concern (HAPCs):
1. The ecological function provided by the habitat is significant.
2. The habitat is sensitive to human-induced environmental degradation.
3. Development activities are, or will be, stressing the habitat type.
4. The habitat is rare.

Survey methods are summarized below and further details can be found in the marine survey
report in Appendix F. Three separate marine survey efforts were conducted: Inner Apra Harbor;
Oscar and Papa Wharves; and Polaris Point. Studies of the Inner Harbor occurred between May
21 and May 29, 2008. Marine surveys of Oscar and Papa Wharves occurred in March 2010. The
methods for each effort are described in the following subchapters.

The general ecological condition of an approximately 145 ha area was assessed by a modified
manta tow method. Two observers were towed behind a boat piloted along the 6,188-m boundary
of the study area. Visibility was limited to less than 5 m because of high turbidity of the water.
The locations and general surface coverage of corals were noted by the observers. Based upon
these observations, three sites (Abo Cove, Transect 1, and Transect 2) were selected for benthic
surveys, and five sites (Wharves S, T, U, V, and X) were selected for surveys of vertical wharf
faces. A 100-m transect line was established along the 2-m isobath at Abo Cove. For Transects 1
and 2, in open areas of the harbor floor away from wharves or the shoreline, a global positioning
system (GPS) tracking unit in a waterproof housing was towed by a diver swimming along the
harbor floor. Lengths of the tracks were calculated with SigmaScan Pro 5.0 (SPSS, Inc., 1999).
At Wharves S, V, and X, 100-m transects were established. At Wharves T and U, 50-m transects
were established, because access to larger wharf areas was not granted. GPS coordinates were
recorded for the ends of all transects.

Both Oscar and Papa Wharves are obstructed by large shipyard facilities that limited access to
wharf faces. During the survey period, two large crane barges were moored at Oscar Wharf while
a large dry dock occupies virtually all of Papa Wharf’s main face. Therefore, transect lengths
were limited to a 50-m stretch of wharf face at Oscar Wharf and a 50-m stretch of wharf face at
the back of Papa Wharf where this wharf s with Romeo Wharf. GPS coordinates were recorded
for transect locations at each wharf.

Benthic Cover - Benthic quadrats were surveyed along transects established for coral,
invertebrate, and fish surveys. Six transects, each 50 m long, were established at a fixed depth (3—
5 m) throughout Inner Apra Harbor. The percentage cover of algae, corals, and sponges in five
0.25-square meter (m?) quadrats was quantified in situ for each transect. Macrophotographs of the
representative species were taken. Voucher specimens of algae were collected to establish a
reference collection of algae from Inner Apra Harbor. In situ cover estimates of turf algae were
troubled by poor visibility and, therefore, removed from the data set prior to analysis.

Corals - Coral communities were assessed quantitatively along the transects by an observer using
the point-quarter method of Cottam et al. (1953). Points were established 3 to 10 m apart on each
transect. Each point served as a focus of four equal-sized quadrants arrayed around the point.
Within each quadrant, the coral closest to the central point was located. This coral’s identity,
distance from the point, length, and width were recorded. If no corals lay within 1 m of the point,
that quadrant was recorded as having no corals.

Macroinvertebrates — All conspicuous solitary epibenthic macroinvertebrates occurring within 1
m of either side of the transect lines at Abo Cove and Wharves S, T, U, V, and X were identified

9
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and enumerated by an observer swimming along the transect line. For this study, conspicuous is
defined as being larger than 50 millimeters (mm) in size and as being clearly visible to an
observer without the need for overturning rocks or digging into the substrate. Cryptic,
microscopic, nocturnal, and highly motile species that avoid humans (e.g., crabs and shrimps)
were not included within the scope of this study. Species diversity and abundance were recorded
in 10-m intervals along the transect line.

Fishes — Fish were surveyed visually along transect lines. Observations were constrained by poor
visibility and all species had to be counted on a single pass along the transect line. At Abo Cove,
the line was deployed along the bottom as the diver observed and counted fishes. Along wharf
faces, three transects were run (where possible): just below the surface (subsurface), at mid-depth
(the principal transect line), and at the bottom of the wharf wall. All fishes observed 0.5 m above
or below the principal transect line were counted on subsurface and mid-depth transects; at the
bottom, all fishes observed 1 m to the seaward side (away from the wharf face) of the transect
line were counted.

At two stations located in open areas of the harbor away from wharves or the shoreline, GPS
tracking was used to census fishes. Here, one diver utilized a GPS unit set on timed-tracking
mode and towed above him in a waterproof housing and recorded all benthic species observed
within 1 m to either side of an imaginary line directly in front of the diver (Colin and Donaldson,
in review). Observations were recorded during the course of the swim just above the bottom
substrate. Pelagic species could not be observed because of poor visibility. Fishes were identified
to species. Reference photographs and video were taken with an underwater digital camera or
underwater digital video camera, but image quality tended to be extremely poor because of turbid
conditions.

EFH - Extremely poor visibility on transects at all stations limited the ability to collect data on
EFH. Underwater photographs taken along the transect line to estimate benthic structure used by
different species were essentially useless. Similarly, measures of rugosity (benthic structural
complexity), limited to the edge of a shallow reef at Abo Cove, were made under near-zero
visibility and were fraught with error. Therefore, it was possible only to make qualitative
descriptions of habitats used by fishes.

2.5 Avian Surveys

Four surveys were conducted during 2008, during the following periods: February 16-25; March
27 - April 6; June 24-28; and December 9-19. In 2009, additional surveys were conducted during
July 16-19 and September 21-24. Both roadside and forest bird surveys were utilized to
characterize avian communities at various sites. The avifauna survey report that further details the
methods of the surveys is located in Appendix G.

In addition, surveys were conducted by NAVFAC Pacific biologists on AAFB Finegayan, Air
Force Barrigada and Polaris Point between August and November 2008 (Appendix C).

2.5.1 Roadside Survey

A modified point-count methodology, in conjunction with a line transect (i.e., existing roadways)
was used to enumerate bird detections (Bibby et al., 2000) for the roadside surveys. Total
numbers of species detections (no direction or distance data were collected) were recorded (either
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by visual observations or song, or both) within one 3-minute survey period at each pre-
determined station; no surveys were replicated. In order to minimize double-counting, survey
stations were positioned a minimum of 150 m apart. All surveys were conducted either during the
morning from sunrise to 1000 hours, or in the evening after 1700 hours.

For the Air Force Barrigada, AAFB Finegayan, and Polaris Point parcels, the roadside bird
surveys methodologies varied from the avian surveys conducted on other parcels. Because the
sites varied in size, the avian surveys consisted of a point count survey along each transect (count
stations every 100 m on the transect) and/or, depending on the site, a roadside breeding bird type
survey. Surveys started between 0600 and 0700 hours and were completed by 1100 hours. Due to
the small size of the areas surveyed the number of stations at each site was fewer than 10. For the
breeding bird surveys avian identification was performed along roadside survey routes. Each
survey route utilized available Base roadways in areas planned for development. Sampling
locations (i.e., stops) were at approximately 500-m intervals. At each stop, an 8-minute point
count was conducted. During the count, every bird seen within a 0.25-mile radius or heard was
recorded.

2.5.2 Forest Bird Survey

In forested habitat, bird detections were enumerated using a point-count methodology along
variable-length straight-line transects (Bibby et al., 2000). Survey stations were placed a
minimum of 150 m apart so as to minimize double-counting. All bird species were recorded (by
either visual observations or song, or both) within one 8-minute survey. All station surveys were
conducted during the morning hours from sunrise to 1000 hours. As in the roadside surveys, no
surveys were replicated. Although direction and distance measurements were recorded, only
relative abundance among species will be discussed.

For the Air Force Barrigada, AAFB Finegayan, and Polaris Point the forest bird surveys
methodologies, varied from the avian surveys conducted on other parcels. Forest birds were
surveyed using the variable circular plot (VCP) method (Scott et al. 1986). All birds seen or heard
during an 8-minute count period at each station were recorded with the detection type (audio,
visual, or combined detection) and the distance to the bird when first detected, estimated to the
nearest meter. Observations between stations were not recorded.

2.5.3 Endangered Avian Species

Although all avian surveys recorded any ESA-listed, Guam-listed, or other species of concern,
two species warranted specific survey efforts.

Mariana Swiftlet (Aerodramus bartschi)

During the station-count surveys for Mariana fruit bats, observers also searched for the ESA- and
Guam-listed endangered Mariana swiftlet. Searches were used to determine whether this species
utilized the areas for foraging, movement between foraging areas, and roosting or nesting. In
addition to noting the occurrence of the swiftlets (if they occurred), all avian species heard or
observed were recorded during fruit bat station-count surveys.

Mariana Common Moorhen (Gallinula chloropus guami)

The Camp Covington wetland on Navy Main Base was identified as a habitat requiring species-
specific surveys to determine whether the ESA-listed endangered Mariana common moorhen was

11



Natural Resources Survey Report
December 23, 2010

present. Eleven listening stations were strategically positioned around the wetland habitat.
Surveys were conducted during the morning hours from sunrise to 1000 hours. Survey stations
were placed a minimum of 150 m apart so as to minimize double-counting. All moorhen
detections (visual or auditory) were recorded within one 8-minute survey; no surveys were
replicated.

2.6 Tree Snail Surveys

Surveys for partulid tree snails were designed to locate, identify, and assess the distribution and
abundance of partulid tree snails on DoD and non-DoD lands proposed for use under the EIS.
Tree snail surveys occurred in 2008 and September, October, and December, 2009, and in
January, 2010. Surveys targeted four species of partulid tree snail (Gastropoda: Partulidae):

« Fat Guam Partula tree snail (Partula gibba)

« Guam or Pacific tree snail (Partula radiolata)
« Mt Alifan tree snail (Partula salifana)
Fragile tree snail (Samoana fragilis)

Three of these tree snails (humped tree snail, Guam tree snail, and fragile tree snail) are federal
candidate species for listing under the ESA (U.S. Fish and Wildlife Service [USFWS], 2010). The
Government of Guam lists all four species as endangered (Guam Department of Aquatic and
Wildlife Resources [GDAWRY], 2006).

2.6.1 Locations

Tree-snail surveys were carried out along select transects situated at nine locations on Guam:
AAFB, Andersen South, Air Force Barrigada, Former FAA parcel, Route 15 Lands, North
Finegayan, South Finegayan, NMS, and Proposed Access Road Option Road A. To increase the
possibility of detecting the four target species, transects were set up within habitat containing
known host plants known to be used by partulid tree snails.

2.6.2 Methods

Three survey methods were used to determine the presence of tree snails at each survey location:
general visual surveys, detailed visual surveys, and quadrat surveys. These methods are
specifically designed to target partulid tree snails and are adapted from those utilized in previous
tree snail assessments (Hopper and Smith, 1992; Smith et al., 2008). A description of each
method follows.

e General visual surveys - General visual surveys involved up to two trained observers
walking each transect searching likely tree snail habitat for the presence of snails. During
the general visual survey period, observers also noted specific areas that included an
abundance of known partulid host plants, and areas where detailed visual surveys would
subsequently occur. Information on known partulid host plant species was obtained from
Hopper and Smith (1992). Host species for the tree snails are identified as the following:
Alocasia macrorrhiza, Annona reticulata, Asplenium nidus, Barringtonia asiatica, Cocos
nucifera, Cycas micronesica, Derris trifoliata, Hernandia nymphaeifolia, , Intsia bijuga,
Mammea odorata, Neisosperma oppositifolia, Phymatodes scolopendria, Pandanus
dubius, Piper guamensis, and Triphasia trifolia
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o Detailed visual surveys — These were conducted at locations along each transect where
known partulid host plants were abundant. At each location, observers intensively
examined the leaves and stems of known partulid host plants for up to 30 minutes. If live
tree snails were observed, quadrat surveys (see below) were completed. Following each
plant examination, leaf litter was investigated for partulid shells for up to 10 minutes. If
snail shells were observed, the location and condition of the shell (e.g., weathering,
fragmentation, color intensity or bleaching) that may indicate recent presence of the
snails were noted. If live partulid tree snails or their empty shells were found during the
detailed visual survey period, the location was recorded as supporting tree snails.

e Quadrat surveys - If live partulid tree snails were located within the 30-minute detailed
visual survey period, four 25-m? quadrats were established under the densest understory,
as determined by a spherical densitometer. All partulid tree snails occurring within the
quadrats and to a height of 2 m were identified to species, and their shell length and
height measured to the nearest 0.1 mm with sliding vernier calipers. Host plant species
and vertical height of the host plant to 0.5 m were recorded for each partulid tree snail
observed.

During the quadrat surveys, temperature (in degrees Celsius [°C]), relative humidity (RH), and air
movement (by the Beaufort scale) were measured with miniature probes in microhabitats
inhabited by partulid tree snails to quantify inhabited microhabitat features (Crampton, 1925).
Temperature, humidity, and air-movement measurements were also taken in uninhabited areas to
assess their suitability for supporting tree snail populations. Comparisons of data from inhabited
and uninhabited forest will provide a clearer characterization of suitable microclimatic conditions
suitable for tree snail survival. The tree-snail survey report that further details the methods of the
surveys is located in Appendix H.

2.7 Fruit Bat Surveys

2.7.1 Survey Locations

Mariana fruit bat surveys were conducted from locations positioned in forest areas containing
known Mariana fruit-bat roosting and foraging vegetation. The survey locations were situated on
the east side of Route 15 in the northeast region of Guam, stretching from the Lumuna area
through the Asdonlucas area south to Pagat Point. In addition NAVFAC Biologists performed
surveys on North Finegayan, Orote Point and Navy Barrigada (NAVFAC, 2008). These locations
were not associated with any of the designated transects used for vegetation, bird, tree snail, or
herpetological surveys.

2.7.2 Methods

Station-count surveys (Utzurrum et al., 2003) were conducted to determine the presence of
solitary Mariana fruit bats, locate aggregations or colonies, and assess the location of fruit bat
flight paths. Surveys were carried out between 0510 and 0745 hours. Each location was surveyed
four times, twice each by two trained observers. The survey locations were chosen as vantage
points that provided wide and unimpeded views of potential fruit-bat habitat and flight paths.
Binoculars and a spotting scope were used to detect and count fruit bats at each location.
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While carrying out station-count surveys for Mariana fruit bats, the observers collected anecdotal
observational data on the phenological phases (flowering and fruiting) of plants, focusing on
species that may be used as food sources by Mariana fruit bats. The fruit bat survey report, which
includes details of the survey methods, is provided in Appendix I.

2.8 River Crossing Investigations

Investigations occurred at the crossings of five rivers that flow under Marine Corps Drive (Route
1). All of the rivers empty into the shallow bays of Guam’s western coast and ultimately the
Philippine Sea. At these five crossings, the bridges require modification as some do not meet
current load requirements and all are not rated for Anti-Ballistic Missile (ABM) transport. These
study areas for the river crossings included terrestrial and aquatic habitats 30.5 m upstream and
downstream of the bridges. The riverine habitats were also identified through snorkel surveys, in
which the benthic substrate, fish, and floral populations were noted. Also, avian surveys were
performed in the vicinity of the bridge locations.
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3 Andersen AFB

Herpetofauna, butterfly, vegetation, avian, and tree snail surveys were conducted on Andersen
AFB (AAFB). Three study areas comprise the main portion of Andersen AFB: Northwest Field,
North Ramp, and the proposed utility corridors along Route 9. The locations of the transects in
these three areas are shown on Figures 3-1, 3-2, and 3-3, respectively.

At AAFB, seven transects were surveyed. Two transects were set in degraded forest in the North
Ramp area (Figure 3-1), with the shrub Wickstroemia elliptica being the dominant species, but
also containing Morinda citrifolia and Hibiscus tiliaceus trees. Two transects (Figure 3-2) were
located in the Northwest Field Area in native limestone forest habitat predominated by Guamia
mariannae, Aglaia mariannensis, Premna obtusifolia, Neisosperma oppositifolia, and Pandanus
tectorius trees. The final three transects were located within the southern portion of the facility at
proposed utility corridors near the base boundary with Route 9 (hereafter referred to as the Route
9 Boundary Transects) (Figure 3-3).

Herpetofauna, vegetation, and avian surveys were also conducted on two other parcels associated
with the AAFB. These parcels are AAFB Finegayan and Potts Junction (Figure 3-4).

3.1 Herpetofauna Surveys

Two survey efforts identified herptofauna associated within the select areas of AAFB. Subchapter
3.1.1 identifies herptofauna observed within the Northwest Field, North Ramp, and proposed
utility corridors along Route 9. Subchapter 3.1.2 identifies herptofauna observed within AAFB
Finegayan.

3.1.1 Herpetofauna — Northwest Field, North Ramp, and Proposed Utility
Corridors

Nine herpetofauna species were captured or observed on AAFB. Table 3-1 identifies the species
and their status. For more information on the herpetofauna survey and results, please refer to
Appendix B.

The capture of moth skink (Photo 3-1), a Guam-listed endangered species, at AAFB is
noteworthy. The distribution and abundance of this native skink on Guam is unknown, due to the
variability of information presented by authors. The skink was captured on Transect 7, Station 16.

The continued widespread presence of the curious skink and the brown treesnake, as well as other
introduced amphibian species, is of concern because of each species’ potentially deleterious
impacts to Guam’s native fauna (Rodda et al., 1999, Kraus et al., 1999, Wiles et al., 2003, Christy
et al., 2007a). Of particular concern is the potential of the other introduced species to serve as
additional food sources for the brown treesnake (Fritts and Rodda, 1998, Christy et al., 2007a).
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Table 3-1

Herpetofauna Captured or Observed on Andersen AFB

Group Species Status
Curious skink (Carlia ailanpalai) Introduced
Skinks Pacific blue-tailed skink (Emoia caeruleocauda) Native
Moth skink (Lipinia noctua) Native*
House gecko (Hemidactylus frenatus) Introduced
Geckos — - -
Mutilating gecko (Gehyra mutilata) Native
Snak Brown treesnake (Boiga irregularis) Introduced
nakes
Brahminy blind snake (Ramphotyphlops braminus) Introduced
o Marine toad (Rhinella marinus) Introduced
Amphibians
Greenhouse frog (Eleutherodactylus planirostris) Introduced
Note: *Identified in the Guam Comprehensive Wildlife Conservation Strategy (GCWCS) as
Endangered/ Species of Greatest Conservation Need (SOGCN) (GDAWR, 2006).

Photo 3-1 Moth skink, Lipinia noctua
3.1.2 Herptofauna — AAFB Finegayan
In 2008, the NAVFAC Pacific biologists performed herpetofauna surveys along two transects in

AAFB Finegayan (Figure 3-4). The transects were identified at Transect East and Transect West.
Table 3-2 identifies the herptofauna that were observed.
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Table 3-2

Herpetofauna Captured or Observed on AAFB Finegayan

Group Species Status
Curious skink (Carlia ailanpalai) Introduced
Skinks Pacific blue-tailed skink (Emoia caeruleocauda) Native
Moth skink (Lipinia noctua) Native*
House gecko (Hemidactylus frenatus) Introduced
Geckos — - -
Mutilating gecko (Gehyra mutilata) Native
Snakes Brown treesnake (Boiga irregularis) Introduced
Amphibians Marine toad (Rhinella marinus) Introduced
Note: *Identified in the Guam Comprehensive Wildlife Conservation Strategy (GCWCS) as
Endangered/ Species of Greatest Conservation Need (SOGCN) (GDAWR, 2006).

3.2 Vegetation Survey

On the AAFB, vegetation surveys were performed within along Transects 5, 6, and 7 proposed
utility corridors (Subchapter 3.2.1), the AAFB Finegayan (Subchapter 3.2.2) and the Potts
Junction Property (Subchapter 3.2.3).

In addition to the qualitative survey performed as part of this work, the Air Force previously
performed a more in-depth vegetation survey (Andersen AFB, 2008). The results of this study
indicated that in east AAFB, the North Ramp project area consists primarily of developed land,
but there are small areas of mixed herbaceous scrub and mixed limestone forest- in the northern
portion of the site. The South Ramp project area consists primarily of developed land, but there
are small areas of Ochrosia mariannensis edge and mixed herbaceous scrub habitats in the
eastern portion of the site (Andersen AFB, 2008).

In West AAFB, Northwest Field (NWF), the Munitions Storage Area (MSA), and surrounding
areas consist primarily of mixed limestone forest, Vitex-dominated forest, mixed herbaceous
scrub, mixed shrub, Casuarina equisetfolia forest, and developed land (Andersen AFB. 2008).

3.2.1 Vegetation — Proposed Utility Corridors

A qualitative vegetation survey was performed within areas of proposed utility lines on AAFB
(Transects 5, 6, and 7). A primary purpose of this survey was to determine if there were any host
plants for the two federal-candidate butterfly species Hypolimnas octocula mariannensis and
Vagrans egista. These host plants (Elatostema calcareum, Procris pedunculata, and Maytenus
thompsonii) were not observed on any of the transects. Transects were in disturbed limestone
forests ranging from highly degraded to somewhat degraded with a primarily indigenous
understory.

Two Tabernaemontana rotensis trees were observed on Transect 6 in flower and fruit.
Tabernaemontana is considered an SOGCN by the Government of Guam (GDAWR, 2006).
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Several trees of the uncommon Geniostoma micranthum, an endemic species, were observed on
Transect 7. For more in-depth analysis of the vegetation on Andersen AFB, please refer to
Appendix D.

3.2.2 Vegetation — AAFB Finegayan

In 2008, the NAVFAC Pacific biologists performed quantitative surveys along Transect East and
Transect West in AAFB Finegayan (Figure 3-4). The results for both transects are as follows:

Transect East — On the transect the number of trees per hectare (ha) was calculated at 3,183
trees/ha. The mean dbh (cm) (with 95 percent confidence interval) was calculated to be 10.86
(9.11-12.61). Vitex parviflora, Pandanus tectorius, and Spathodea campanulata were the
dominant species in the tree layer. Chart 3-1 identifies the species composition along the transect.
Sida sp., Piper guahamense, Polypodium punctatum, Chromo odorata, and Chamaecrista
nictitans were the dominant non-woody species. Ungulate impacts were quite extensive at the site
and appear to be causing fragmentation of the habitat.

@ Guamia marrianae

B Neisosperma
oppositifolia

O Hibiscus tiliaceus

0O Aglaia mariannensis

H Vitex parviflora

@ Pandanus tectorius

B Spathodea campanulata

0 Ficus tinctoria

W Premna obtusifolia

Chart 3-1 Tree Species Composition at AAFB Finegayan, East Transect

Transect West — On the transect the number of trees per hectare (ha) was calculated at 3,695
trees/ha. The mean dbh (cm) (with 95 percent confidence interval) was calculated to be 6.46
(4.85-11.31). Vitex parviflora and Hibiscus tiliaceus were the dominant species in the tree layer.
Chart 3-2 identifies the species composition along the transect. Piper guahamense, Polypodium
punctatum, Chromo odorata, Stachytarpheta urticifolia, and Chamaecrista nictitans were the
dominant non-woody species. It was observed during the survey that deer and pigs are having a
pronounced effect on the habitat, preventing regeneration of many native tree species and
reducing diversity.

18




Natural Resources Survey Report
December 23, 2010

1 20R%
0,
250

@ Guamia marrianae
B Neisosperma oppositifolia
0O Cycas circinalis
21% . -
48% 0O Hibiscus tiliaceus

B Morinda citrifolia

@ Cestrum diurnum

B Aglaia mariannensis

O Vitex parviflora

13% m Pandanus tectorius

Chart 3-2 Tree Species Composition at AAFB Finegayan, West Transect

3.2.3 Vegetation — Potts Junction Property

In July, 2009, a qualitative study was performed on the Potts Junction parcel (Figure 3-4). The
parcel is dominated by a highly disturbed shrub/grassland vegetation community with few native
species. Much of the site is low vegetation including Bidens alba, Passiflora suberosa, and
Fimbristylis cymosa with patches of grass including Pennisetum purpureum, Pennisetum
polystachion, and Saccharum spontaneum. There are patches of trees or shrubs including
Buddleja asiatica, Spathodea campanulata, Hibiscus tiliaceus, and Leucaena leucocephala and
some patches of the fern Pteris vittata. There are some Cocos nucifera trees near the boundary
with the Starts Golf Course.

3.3 Butterfly Survey

A butterfly survey was performed in the wet season (September, 2009) and at the start of the dry
season (January, 2010) on Transects 5, 6, and 7 (Figure 3-3). The survey consisted of timed
counts and baited traps.

The transects were located in a forested area with a canopy 6-12 m in height with moderate to
dense undergrowth. On Transect 5, between the 130 m and 190 m mark, a clearing presents a
break in the forest canopy and is vegetated with grasses and a few small isolated trees.

3.3.1 Timed Counts

Five butterfly species were identified during the timed counts:
e Lemon Emigrant (Catopsilia pomona)

Monarch (Danaus plexippus)

Blue-banded King Crow (Euploea eunice)

Blue Moon (Hypolimnas bolina)

Common Mormon (Paplio polytes)
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None of the five species are considered endangered or threatened, and these species are fairly
well distributed throughout Guam and portions of the Mariana Islands (Schreiner and Nafus,
1997). Table 3-3 identifies the numbers of individuals and species observed within the various
sampling plots on Andersen AFB in September 2009 and January 2010.

In September 2009, the Common Mormon and Blue-banded King Crow were the two most
common butterflies sighted. The Common Mormon and the Blue-banded King Crow comprised
46 and 43.6 percent of the total sightings at AAFB, respectively. Approximately 62 percent (57 of
92 sightings) of the total sightings of the Blue-banded King Crow occurred within two plots along
Transect 5 associated with a road cut.

In January 2010, the Blue-banded King Crow and the Common Mormon were the two most
common butterflies sighted, comprising 64.5 and 24.8 percent of the total sightings, respectively.
Similar to the September findings, a majority of the total sightings on the Blue-banded King
Crow (152 of 182 [83.5 percent]) occurred within the first 120 m of Transect A. These sightings
also comprised 53.9 percent of the total sightings on AAFB.

The January sightings total of 282 individuals is approximately one-third higher than the
September total of 211. Although there were two additional species sighted in September (Blue
Moon and Monarch), the total number of individuals of these two species was only three. All of
the species sighted are widely distributed throughout the Mariana Islands.

The Mariana Eight-Spot butterfly (Hypolomnas octocula mariannensis) and the Mariana
wandering butterfly (Vagrans egistina), which are both candidate species for listing by the United
States Fish and Wildlife Service (USFWS) under the Endangered Species Act of 1973, were not
observed on any transect. Moreover, the host plants for this species (refer to Subchapter 3.2.1)
were also not observed on AAFB.

3.3.2 Baited Traps

Two baited traps were placed on the transects in the morning and retrieved in the late afternoon.
On Transect 5, the traps were placed within a forested area in the beginning of the transect
(September 2009 and January 2010) and a second trap was placed within a clearing in the
September survey and near the end of the transect in the January survey. On Transects 6 and 7,
the traps were placed in forested areas at the beginning and the end of the transects in both the
September and January surveys.

No butterflies were captured in the baited traps on AAFB in September 2009. In January 2010,
one Blue-banded King Crow was captured on Transect 6.
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Table 3-3

Butterfly Sightings on AAFB — Transects 5, 6, and 7

September 2009 January 2010
Distance Species Distance on Species
Transect on Common Blue- Lemon Blue Monarch Transect Common Blue- Lemon
Transect Mormon banded | Emigrant | Moon Mormon banded | Emigrant
King King
Crow Crow
10 1 0 40
40 30 1 9
70 1 4 60 28
100 2 6 90 1 24
130 2 29 2 2 120 51
160 3 28 4 1 180 2
190 220 1 1
230 250 1
5 260 280 3
290 1 310 3 1
320 1 340 2 2
350 370 2
380 2 400 2 4
TOTAL 12 68 6 2 1 | TOTAL 18 160
Percent of Percentage
Sightings 135 76.4 6.7p 2.3 1.1 of Sightinggs 10.1 89.9 0
0 0
30 20 1
60 2 50 2 1
90 8 2 3 80 2
120 8 1 110 2 1
150 3 2 140 1
180 5 1 170 3 6
210 3 1 200 3 3
6 240 1 3 230 2 7
270 2 260 1
300 3 1 290 2 1
330 2 320 2 4
360 6 350 2 6
390 5 17 380 3 1 1
TOTAL 45 22 12 0 0 | TOTAL 25 3 29
Percent of Percent of
Sightings 57.0 27.9 15.2 0.00 0.00 Sightings 43.9 5.3 50.9
0 2 1 0 3
30 30 2 1
60 1 60 2 2
920 1 90 5
120 3 120 1
150 2 150 2 4
180 3 2 180 1 6
210 4 210 4 1
7 240 4 240 1 1
270 270 4 1
300 8 300 2
330 6 340 1
360 4 370
390 2 400 3
TOTAL 40 2 1 0 0 | TOTAL 27 19 1
Percent Percent
Sightings 93.0 4.7 2.3 0 0 Sightings 57.4 40.4 2.1
Total | ndividual | g; 92 19 2 1 Individuals | 7, 182 30
s sighted sighted
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3.4 Avian Surveys

Avian surveys were performed within the Northwest Field, North Ramp, and Proposed utility
corridors (Subchapter 3.4.1); AAFB Finegayan (Subchapter 3.4.2) and the Potts Junction parcel
(Subchapter 3.4.3)

3.4.1 Avian Survey — Northwest Field, North Ramp, and Proposed Utility
Corridor.

Within AAFB, roadside avian surveys were performed at the Northwest Field (Figure 3-5) and
North Ramp (Figure 3-6), and forest bird surveys were performed at Northwest Field, North
Ramp, and on the proposed utility corridors along Route 9 (Figure 3-4). Table 3-4 lists the species
observed.

With the exception of the Micronesian starling, all other observed species are common to Guam.
Table 3-5 specifies the resident status of the observed species. The nomenclature follows Gill et
al. (2008). For more information on the avifauna survey and results, refer to Appendix G.

Table 3-4

Species Identified During Roadside and Forest Bird Surveys -- AAFB

Base / Survey Number of Species and Nurgfber Nu-lr;10t;{2lr of
Parcel Type Stations Number of Detections . i
Species | Detections
. Black Francolin (41)
Rgﬁfvséde 17 Island Collared Dove(25) (11) 3 54
y Yellow Bittern (2)
NW Field Forest Black Francolin (17)
: Island Collared Dove (6)
Bird 8 4 28
Surve Black Drongo (1)
y Eurasian Tree Sparrow (4)
Black Francolin (14)
North Roadside 6 Island Collared Dove (4) 4 36
Ramp Survey Black Drongo (11)
Eurasian Tree Sparrow (7)
Island Collared Dove (1)
Prp.posed Forest Black Drongo (1)
Utility Bird 12 I ; 4 4
Corridors Survey Yg ow B|_ttern (1.)
Micronesian Starling (1)
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Table 3-5

Residence Status of Avifaunal Species Identified during Roadside and
Forest Bird Surveys - AAFB

Species

Residence Status®

Yellow Bittern (Ixobrychus sinensis)

Common native resident - breeding

Island Collared Dove (Streptopelia bitorquata)

Common introduced resident - breeding

Black Drongo (Dicrurus macrocercus)

Common introduced resident - breeding

Eurasian Tree Sparrow (Passer montanus)

Common introduced resident - breeding

Black Francolin (Francolinus francolinus)

Common introduced resident - breeding

Micronesian Starling (Aplonis opaca)

Guam-listed endangered species
Uncommon native resident - breeding

Note:
' Reichel and Glass 1991.

3.4.2 Avian Survey - AAFB Finegayan

NAVFAC Pacific biologists performed an avian survey on two transects within AAFB
Finegayan. The results of the survey are presented in Table 3-6. All four observed species are

common introduced residents the island of Guam.

Table 3-6

Avian Species Detected During AAFB Finegayan

Avian Species

Status on Guam

Black Drongo (Dicrurus macrocercus)

Common introduced resident - breeding

Eurasian Tree Sparrow (Passer montanus)

Common introduced resident - breeding

Philippine Turtle Dove (Streptopelia bitorquata)

Common introduced resident - breeding

Chicken (Gaullus sp.)

Common introduced resident - breeding

Note: Status and nomenclature follow Wiles, 2005.

3.4.3 Avian Survey - Potts Junction Property

On July 16, 2009, a site reconnaissance was performed to identify avian species within the Potts
Junction parcel. Only two introduced resident species were identified. Table 3-7 identifies the
avifauna that were observed. Both observed species are common introduced residents the island

of Guam.
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Table 3-7

Avian Species Detected During Potts Junction Survey

Avian Species Status on Guam

Black francolin (Francolinus francolinus) Introduced resident, breeding

Island collared-dove (Streptopelia bitorquata) | Introduced resident, breeding

Note: Status and nomenclature follow Wiles, 2005.

3.5 Tree Snail Surveys

General and detailed visual surveys were completed on Transects 5, 6, and 7 at AAFB (Figure 3-
3). No living partulid tree snails or their shells were observed during any of the surveys
conducted along the transects.

Table 3-8

Partulid Tree Snail General and Detailed Visual Survey Results on Department of Defense
Lands, Guam - AAFB

Number of
General Visual Survey Detailed Visual Survey Transect Transect Partulid Tree
Date Date Length (m) Snails

Observed
October 12, 2009 October 23, 2009 5 400 0
October 1, 2009 October 2, 2009 6" 400 0
September 25, 2009 September 25, 2009 7 400 0

! Manokwar flatworms (Platydemus manokwari) recorded along the transect.

Shells of the introduced Giant African Snail (Achatina fulica) and both live individuals and shells
of the introduced snail Satsuma mercatoria (no common name) were seen at all five transects.
Additionally, live introduced Manokwar flatworms (Platydemus manokwari) were observed
along Transect 6.

No partulid tree snails were observed on the transects on AAFB. However, since there were
several known host plant species present throughout the survey area, the possibility that tree
snails are present in habitat associated with the surveyed transects cannot be dismissed.

Because no live partulid tree snails were observed during either the general or detailed visual
survey, no quadrat surveys were completed. Therefore, temperature, humidity, and air-movement
measurements were not taken in areas not inhabited by tree snails.

The presence of flatworms on AAFB is of note, especially since the species was not targeted
during the tree-snail surveys and is more likely seen nocturnally when these flatworms are active;
flatworms were likely present but undetected at all locations. This flatworm is known to feed on
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juvenile partulid tree snails in the wild on Guam and Pacific tree snails in captivity, and is
believed to be the primary threat to the continued existence of partulid tree snails on Guam, the
Northern Mariana Islands, and potentially Oceania (Hopper and Smith, 1992). These authors
reported that on Guam, where flatworm abundance was high, partulid tree-snail colonies were
rapidly declining.

For more information on the tree snail survey, refer to Appendix H.

3.6 Threatened/Endangered Species and Species of Concern

Several threatened and endangered and Guam-listed SOGN species were identified on AAFB
during the natural resource surveys. These species are identified in the following sections.

3.6.1 Herptofauna

During the herptofauna survey, a moth skink was captured on Transect 7, Station 16. Also, a
moth skink was observed on AAFB Finegayan. The skink is a Guam-listed endangered species.

3.6.2 Vegetation

During the qualitative vegetation survey, two Tabernaemontana rotensis trees were observed on
Transect 6. The species is considered an SOGCN species on Guam.

3.6.3 Avifauna

No federally listed endangered or threatened avian species were identified during any of the
surveys. One Guam listed endangered species, Micronesian starling, was recorded from the
Forest Bird Survey along the Route 9 survey (Transect 6; Station 3) on September 24, 2009. This
species was also observed in the same area the day before when the transect was being
established.

It is also of note that the federally endangered Mariana crow was not detected during the surveys.
Critical habitat has been designated north of AAFB on the Guam National Wildlife Refuge
(Figure 3-8). Critical habitat has been designated for the Guam Micronesian Kingfisher north of
AAFB on the Guam National Wildlife Refuge (Figure 3-9)

3.6.4 Fruit Bats
On January 28, 2010 on AAFB, a federally listed threatened Mariana fruit bat (Pteropus

mariannus mariannus) (locally known as fanihi), was sighted. The fruit bat was observed during
the day roosting in a Guamia tree on Transect 6 at the 50 m station.
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4 Andersen South

Herpetofauna, vegetation, butterfly, avian, tree snail, and fruit bat surveys were conducted on
Andersen South. Seven transects were surveyed within Andersen South (Figure 4-1): Transects 1
through 3 were within the central area; Transect 4 was in the southwestern sector; Transects 5 and
6 were in the northwestern sector; and Transect 7 was located in the southeast sector. Transect 7
was established as to provide data for the anticipated relocation of Route 15.

All seven Andersen South transects were surveyed for herpetofauna. Four of the seven transects
were located in forest where Guamia mariannae, Aglaia mariannensis, Neisosperma
oppositifolia, and Premna obtusifolia were dominant. Two were in degraded Leucaena
leucocephala-dominated forest, and one was in non-forested, grassy habitat that traversed
pavements.

4.1 Herpetofauna Surveys

A total of nine herpetofauna species were captured or observed on Andersen South. Table 4-1
identifies the species and their status. For more information on the herpetofauna survey and
results, please refer to Appendix B.

Table 4-1

Herpetofauna Captured or Observed on Andersen South

Guild Species Status
Skinks Curious skink (Carlia ailanpalai) Introduced
Pacific blue-tailed skink (Emoia caeruleocauda) Native
Gecko House gecko (Hemidactylus frenatus) Introduced
Mutilating gecko (Gehyra mutilata) Native
Snakes Brown treesnake (Boiga irregularis) Introduced
Brahminy blind snake (Ramphotyphlops braminus) | Introduced
Other Monitor lizard (Varanus indicus) Introduced
- Marine toad (Rhinella marinus) Introduced
Amphibians Greenhouse frog (Eleutherodactylus planirostris) Introduced

The continued widespread presence of the brown treesnake and curious skink, as well as other
introduced amphibian species, is of concern because of each species’ potential deleterious
impacts to Guam’s native fauna (Rodda et al., 1999, Kraus et al., 1999, Wiles et al., 2003, Christy
et al., 2007a). Of particular concern is the potential of the other introduced species to serve as
additional food sources for the brown treesnake (Fritts and Rodda, 1998, Christy et al., 2007a).

4.2 Vegetation

Quantitative surveys were performed along seven transects in the forested sectors (Figure 4-1).
The results of the survey are provided in the following subchapters.
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4.2.1 Trees

A total of 20 tree species were identified on the transects, of which 12 are native to Guam (Chart
4-1). The overall density for the six transects was calculated at 21.96 trees per 100 m” The native
pago (Hibiscus tiliaceus) is an important species in these forests. Pago had the highest relative
density (approximately 24 percent) and highest frequency among species, with specimens
quantified on five of the six transects. Pago was also the third most dominant species at Andersen
South, following the introduced pickle tree (Averrhoa bilimbi) and endemic paipai (Guamia
mariannae). Averrhoa bilimbi and another introduced species, tangantangan (Leucaena
leucocephala), followed pago with the next highest frequencies. Averrhoa bilimbi was common
along the transects in the central sector, but it was recorded on every transect at Andersen South.
Aside from pickle tree, other non-native species in the survey, such as papaya (Carica papaya)
and custard apple (Annona reticulata), produce edible fruits that are likely dispersed by ungulate
activity.

Chart 4-1

Relative Density of Tree Species at Andersen South, Transects 1-6
(N = native)

(N Scaevola taccada
Pimenta racemaosa
Cestrum diurnum

(N) Ficus tinctosia

(N) Aglaia mariannensis
Vitex parviflora
Triphasia trifolia
Annona reticulata

Carica papaya
(N) Glachidion marianum

(N) Pandanus tectorius

({N) Eugenia reinwardtiona

(N) Cycas micronesica

(N) Premna obtusifolia

{N) Neisosperma oppositifolio
(N) Morinda citrifolia
(N) Guamia mariannae

Averrhoa bilimbi

Leucaena leucacephala

(N) Hibiscus tiliaceus
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w

10 15 20 25
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Native Guam tree species had a collective relative density of 60 percent along the Andersen
South transects. Molave tree (Vitex parviflora) is a rapidly spreading introduced species that is
becoming dominant in many of Guam’s forests (Department of Agriculture, 2005), but Vitex
accounted for less than 2 percent of the relative density at Andersen South, with only two
specimens quantified on the transects. The introduced Bay Rum Tree (Pimenta racemosa), a
relative of allspice (P. dioica), was encountered in the northwestern sector. Although this single
tree was the only specimen quantified at Andersen South (Transect 5), it was fairly large, with a

28



Natural Resources Survey Report
December 23, 2010

basal area of over 1,700 square centimeters (cm?). Bay-rum can be invasive, particularly in
southern Guam.

One species that was noticeably absent or present only in low numbers at Andersen South is
dugdug or dokdok, the native seeded breadfruit (Artocarpus mariannensis). A few trees were
seen but not surveyed on Transect 4. Dugdug is a characteristic species of native limestone
forests in northern Guam (Fosberg, 1960). Specimens of native breadfruit were observed in other
sectors of Andersen South (i.e., east of Transect 1) that were not included in the sampled areas.
The recruitment and distribution of seeded breadfruit at Andersen South may be affected by
typhoons and ungulate activity, as in other areas of the island.

For Transect 7, the overall density for this transect was calculated at 3,300 trees per hectare.
Fourteen species of tree were encountered throughout the survey. The introduced Leucaena
leucocephala had the highest relative density (approximately 42 percent) of all species (Chart 4-
2). Tangantangan and Averrhoa bilimbi were the only introduced tree species encountered in this
survey, yet accounted for approximately 54 percent of the relative density and 41 percent of the
relative dominance of all species combined. Premna obtusifolia was the most encountered native
tree species and had the highest relative density (approximately 15 percent) of all native species.

In addition, a vegetative survey was performed for the host plants (Procris pedunculata and
Elatostema calcareum) for the Mariana eight-spot butterfly (Hypolimnas octocula mariannensis)
and the host plant (Maytenus thompsonii) for the Mariana Wandering Butterfly (Vagrans
egistina). Only individuals of Maytenus thompsonii were observed on Andersen South.

Chart 4-2

Relative Density of Tree Species at Andersen South, Transect 7
(N = native)

(N) Aidia cochinchinensis
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(N) Maytenus thompsonii
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Averrhoa hilimbi

(N) Premna obtusifolia
Leucaena leucocephala
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4.2.2 Seedlings

Plots conducted at stations along the six transects quantified more native than introduced
seedlings of woody species. Native species had a mean density of approximately 4 seedlings/m?;
in comparison, introduced species had a mean density of less than 2 seedlings/m?.

4.2.3 Habitat Quality

The habitat quality at Andersen South may be described through the level of ungulate activity,
percentage of native species, and overall species richness. Of the six transects, the calculated
species richness was highest for Transect 4. The forest along Transect 4 is the most intact among
the six areas sampled in terms of canopy. The native species ratio is also higher than at other
Andersen South transects, with 10 of the 14 tree species either native or endemic to Guam or the
Northern Mariana Islands.

The ground cover at Andersen South was quantified for all transects. For Transects 1-6,
calculations showed that, of the four categories of cover, leaf litter had the highest mean
frequency, at 11.7 (Chart 4-3). Transects in the central sector of Andersen South had high levels
of leaf litter mostly beneath pickle tree stands. The measure of ungulate activity for all transects
revealed that rooting and rubbings were the most common observations, with mean frequencies of
0.59 and 0.50, respectively. For Transect 7, the frequencies for rock, soil, leaf litter, and live
vegetation were 4, 37, 40, and 15, respectively.

Chart 4-3

Mean Frequency of Ground Cover along all Transects at Andersen South
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Threatened/Endangered Species and Species of Concern

No species listed as threatened or endangered were identified within Andersen South during the
current survey.

Species of Concern

The only species of concern identified within Andersen South during the current survey was the
native cycad or fadang (Cycas micronesica) (Photo 4-1). The GDAWR lists fadang among the
island’s SOGCNs because of the threat from the introduced Asian cycad scale (GDAWRDA,
2006). Both healthy and injured cycads were noted in the survey. Seven specimens were
quantified, with the highest density of cycads observed on Transect 4, at 3.61 trees per 100 m°.
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Incidental species that are not regulated or managed under local or federal law were also noted on
the transects. These included water root orchid or saiyaihayon, tall shield orchid (Nervilia
aragoana), and Zeuxine fritzii, an inconspicuous ground orchid.

4.3 Butterfly Survey

On Andersen South, the butterfly survey was conducted on Transect 7 (Figure 4-1). The forest
canopy is approximately 10 m in height, with moderate to heavy undergrowth.

4.3.1 Timed Counts

Three butterfly species were identified during the timed counts in September 2009 and January
2010. These were:

o Lemon Emigrant, Catopsilia Pomona.
e Blue-banded King Crow, Euploea Eunice.
e Common Mormon, Paplio polytes.

None of the three species observed on Andersen South are considered endangered or threatened
and all are widely distributed in the Mariana Islands. Table 4-2 identifies the numbers of
individuals and species observed within the various sampling plots on Andersen South in
September 2009 and January, 2010.

On Andersen South the Common Mormon was the most numerous sighted butterfly in both
September 2009 and January 2010, comprising 88.8 and 56.3 percent of the total sightings,
respectively. The numbers of butterflies sighted, on average, also decreased between September
and January. This reduction in abundance may be the result of natural cycles in butterfly
population, the relatively short observation periods involved, or other factors.

The Mariana Eight-Spot butterfly and the Mariana wandering butterfly, which are both candidate
species for listing by the United States Fish and Wildlife Service (USFWS) under the Endangered

Species Act of 1973, were not observed on any transect. Moreover, the host plants for these
species were not observed along the transects during the vegetation surveys.

4.3.2 Baited Traps

Butterfly traps were set at the 0 and 470 meter mark on the transect. The baited traps were placed
on each transect during daylight hours. No butterflies were captured on Andersen South.
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Butterfly Sightings on Andersen South Transect 7 — September 2009 and January 2010

Table 4-2

September 2009 January 2010
Disgince Species Distance Species
Transect | Common | Blue-banded | Lemon T o . Common bELudee_ q Lemon
Mormon | King Crow | Emigrant | '"@NS€Cl | Mormon s S Emigrant
0 3 0 3 3
20 4 30 1
40 2 60
60 4 90 3 1
80 4 1 2 120 3 1
100 1 150 1
120 6 180
140 16 210 2
160 10 1 240 1 1 1
180 2 270 2
200 4 300
220 4 330 1
240 4 360 1
260 1 390 2
280 3 420 1 2
300 3 2 450 1
320 3 1 480 1
340 4
360 3
380 3 2 1
400 2
420 1 1
440 3
460 1
480 3
500 2
TOTAL 95 6 6 TOTAL 18 12 2
Percent Percent
of of
Sightings 88.8 56 | 5.6 Sightings 56.3 375 6.3

4.4 Avian Surveys

In addition to the forest bird surveys along the seven transects on Andersen South, roadside bird
surveys (Figure 4-2) were also conducted in the morning. Table 4-3 lists the species identified
during the surveys.
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Table 4-3

Species Identified during Roadside and Forest Bird Surveys — Andersen South

Number Species and Number of | Total Number
of Stations Number of Detections Species | of Detections

Eurasian Tree Sparrow (5)
Black Francolin (4)
Roadside 21 Pacific Golden Plover (1) 5 13
Island Collared Dove (2)
Yellow Bittern (1)

Pacific Golden Plover (1)
Island Collared Dove (1)
Yellow Bittern (1)

Black Francolin (3)

Survey Type

Forest Bird 10

All of the observed species are common to Guam. With the exception of the Pacific golden
plover, all the observed species breed on Guam (Table 4-4). For more information on the
avifauna survey and results, refer to Appendix G.

Table 4-4

Residence Status of Avifaunal Species Identified during the
Roadside and Forest Bird Surveys — Andersen South

Avifaunal Species Residence Status”
Yellow Bittern (Ixobrychus sinensis) Common resident native - breeding
Common Pigeon (Columba livia) Common introduced resident - breeding
Island Collared Dove (Streptopelia bitorquata) Common introduced resident - breeding
Eurasian Tree Sparrow (Passer montanus) Common introduced resident - breeding
Black Francolin (Francolinus francolinus) Common introduced resident - breeding
Pacific Golden Plover (Pluvialis fulva) Common visitor — not breeding2
Notes:
*Reichel and Glass 1991;
**Johnson et al. 2006.

4.5 Tree Snail Surveys

A general survey and a detailed visual survey were completed on Transect 7 on October 1, 2009
and October 9, 2009, respectively. No living partulid tree snails or their shells were observed
during any of the surveys conducted along the transect. Because no live partulid tree snails were
observed during either the general or detailed visual survey, no quadrat surveys were completed.
Therefore, temperature, humidity, and air-movement measurements were not taken in areas not
inhabited by tree snails.
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No partulid tree snails were observed on Andersen South during the survey. However, since there
were several known host plant species present throughout the survey area, the possibility that tree
snails are present in habitat associated with the surveyed transects cannot be dismissed.

Shells of the introduced Giant African Snail (Achatina fulica) and both live individuals and shells
of the introduced snail Satsuma mercatoria (no common name) were seen along the transect.

4.6 Threatened and Endangered Species

No federally-listed or Guam-listed threatened or endangered species or species of concern were
identified on Andersen South. The native cycad (Cycas micronesica), a Guam SOGCN, was the
only species of concern identified within Andersen South during the current surveys. The plant
was observed on several transects with the highest density occurring on Transect 4.
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5 Air Force Barrigada

On Air Force Barrigada (sometimes referred to as Air Force Communications Annex Barrigada),
natural resource surveys preformed included herpetofauna, vegetation, and avian surveys. Figure
5-1 identifies the locations of the ecological transects. At Air Force Barrigada, one transect was
surveyed.

5.1 Herpetofauna Surveys
Reptiles and amphibians were sampled by visual surveys on transects and glue board trapping on
the same transects. Four species of reptiles and one amphibian species were documented (Table
5-1).

Table 5-1

Observed Herpetofauna - Air Force Barrigada

Group Species Status
Skinks Curious skink (Carlia ailanpalai) Introduced

Pacific blue-tailed skink (Emoia caeruleocauda) Native
House gecko (Hemidactylus frenatus) Introduced

Geckos Mourning gecko (Lepidodactylus lugubrus) Native
Amphibians | Marine toad (Rhinella marinus) Introduced

Notes: It is likely that brown tree snakes, monitor lizards, and mutilating
geckos are also present on Air Force Barrigada.

5.2 Vegetation Survey

On Air Force Barrigada the number of trees per hectare (ha) was calculated at 6,309. The mean
dbh (with 95 percent confidence interval) was calculated to be 4.50 cm (range 3.85-5.15 cm).
Leuceana leucocephala comprised the entire tree layer and Polypodium punctatum,
Stachytarpheta urticifolia, and Chromlaenao odorata were the dominant non-woody species.

5.3 Avian Survey

An avian survey was performed by NAVFAC Pacific biologists on Air Force Barrigada
(Appendix C). Three introduced, resident breeding species were identified. The identified species
were the following:

« Black francolin
« Island collared dove
« Chicken
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No threatened or endangered bird species were documented.

5.4 Threatened/Endangered Species and Species of Concern

No threatened/endangered species or species of concern were observed on Air Force Barrigada
during the course of the surveys.
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6 Navy Barrigada

On Navy Barrigada, natural resource surveys performed included herpetofauna, butterfly,
vegetation, avian, and tree-snail surveys. Figure 6-1 shows the locations of the ecological
transects.

Three transects were surveyed at Navy Barrigada. The transects were located in forested habitats
where Hibiscus tiliaceus, Leucaena leucocephala, Guamia mariannae, and Aglaia mariannensis
were the most common species.

6.1 Herpetofauna Surveys

Seven herpetofauna species were captured or observed on Navy Barrigada. Table 6-1 identifies
the species and their status. For more information on the herpetofauna survey and results, please
refer to Appendix B.

Table 6-1

Herpetofauna Captured or Observed on Navy Barrigada

Group Species Status
Skinks Curious skink (Carlia ailanpalai) Introd.uced
Pacific blue-tailed skink (Emoia caeruleocauda) Native
House gecko (Hemidactylus frenatus) Introduced
Gecko Mourning gecko (Lepidodactylus lugubris) Native
Mutilating gecko (Gehyra mutilata) Native
. Greenhouse frog (Eleutherodactylus planirostris) Introduced
Amphibians —
Hong Kong whipping frog (Polypedates megacephalus) Introduced

The continued widespread presence of curious skink, as well as other introduced amphibian
species, is of concern because of each species’ potential deleterious impacts to Guam’s native
fauna (Rodda et al., 1999, Kraus et al., 1999, Wiles et al., 2003, Christy et al., 2007a). Of
particular concern is the ability of the introduced species to serve as additional food sources for
the brown treesnake (Fritts and Rodda, 1998, Christy et al., 2007a).

6.2 Vegetation

Much of Navy Barrigada is comprised of improved and unimproved roads, open fields, and
weedy vegetation, with the remaining forested areas mainly concentrated around Mount
Barrigada between two antenna fields. The goal of the vegetation surveys is to locate endangered
plant species or species of concern and to characterize the habitat types through a visual walk and
conducting a point-quarter survey over the entire length of each transect.
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Quantitative surveys were performed along three transects in the forested sectors: Transect 1
along an east-west axis near the toe of Mt. Barrigada; and Transect 2 along a north-south axis to
the southwest of Transect 1. Both transects were within a limestone forest community west of the
antenna field. A third transect, Transect 3, was located in limestone forest east of the antenna
field.

6.2.1 Trees

Tree density, dominance, and frequency were quantified using the point-center quarter method,;
the results were summarized for both transects. A total of 20 species were quantified along the
transects. The highest dominance observed was for the banyan tree (Ficus prolixa), an overstory
species with numerous aerial roots that contribute to its large footprint. The species with the
second- and third-highest dominances were pago (Hibiscus tiliaceus) and fagot (Neisosperma
oppositifolia), which typically occupy the overstory. All three species are native to Guam.

The point-center quarter observations revealed the highest frequencies were for pago, followed by
fagot and paipai (Guamia mariannae), which is a native forest understory species. Two
introduced species — custard apple (Annona reticulata) and lemonchina (Triphasia trifolia) — had
the next-highest frequency values. Although they are not native components, these species have
become naturalized in other limestone forests around the island.

Native species had a combined relative density of approximatley 77 percent, far exceeding the
relative density of introduced species for both transects at Navy Barrigada. The overall density of
trees was calculated at 43.55 trees per 100 m® (Chart 6-1). The native species pago, fagot, and
paipai had the three highest relative densities (approximately 29 percent, 14 percent, and 9
percent, respectively).

The overall density for Transect 3 was calculated at 4,632 trees per hectare. Seven species of tree
were encountered throughout the survey. The introduced Annona reticulata and Leucaena
leucocephala had the two highest relative densities of all species observed (Chart 2), and were the
only introduced species encountered throughout the survey. Together, these two species
accounted for approximately 58 percent of the relative density and 47 percent of the relative
dominance. Hibiscus tiliaceus was the most encountered native tree species and had the highest
relative density (approximately 17 percent) and relative dominance (approximately 31 percent) of
all native species.

6.2.2 Seedlings
A comparison of the woody seedling density revealed a higher density for Transect 2. The density

of woody seedlings was greater in Transect 2 than in Transect 1. Both transects, however, showed
markedly higher densities of native over introduced species.
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Chart 6-1

Relative Density of Tree Species, Navy Barrigada Transects 1 and 2
(N = native)
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6.2.3 Habitat Quality

The habitat quality at Navy Barrigada may be described through the level of ungulate activity,
percentage of native species, and overall species richness.

There was no ungulate activity quantified at the transect stations during the survey. Transects 1
and 2 had a higher level of species abundance than did transect 3. The ground- cover observations
revealed a high frequency of leaf litter. Bare soil, rock, and live vegetation had relatively low
mean frequencies for Transects 1 and 2 (Chart 6-3). For Transect 3, rock, bare soil, litter, and live
vegetation had frequescies of 2,16, 22, and 8, respectively.

Chart 6-3

Ground Cover Frequencies in the Study Plots for Transects 1 and 2

Ground cover

14
12

Mean Frequency

[ T S T = O = ) I 0 o]
1

- ﬁ [

Rock Soil Litter Live Vegetation

6.2.3.1Threatened and Endangered Species and Species of Concern
Threatened and Endangered Species

In an earlier survey, BioSystems Analysis, Inc. (1989) identified no threatened or endangered
species at Navy Barrigada. Likewise, no plant species listed as threatened or endangered were
identified within Navy Barrigada during the current survey.

Live specimens of the Pacific tree snail (Partula radiolata) were found on fagot (Neisosperma
oppositifolia) along Transect 2 in the central sector (Photo 6-1). The Pacific tree snail is listed as
endangered on the local and federal endangered species lists.

Species of Concern

The current survey found one species of concern — fadang (Cycas micronesica) - which is
considered a SOGCN by the GDWAR (Photo 6-1). Fadang was found along Transects 1 and 2,
with densities of 3.81 and 0.61 trees per 100 m?, respectively. Specimens were not in good health
and were often topped by epiphytes, such as Bird’s Nest Fern (Asplenium nidus). BioSystems
Analysis, Inc. (1989) cited fadang among the dominant species in the limestone forest at Navy
Barrigada.
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Photo 6-1 Cycas micronesica in limestone forest along Transect 2, Navy Barrigada.

6.3 Butterfly Surveys

On Navy Barrigada, one 250-m transect (Transect 3, depicted on Figure 6-1) was surveyed. This
transect is located in a forested area, with a canopy of approximately 6-8 m or tall with several
small clearings on or near the transect. The forested area is located adjacent to a large, maintained
grass field associated with communication towers. The transect began approximately 15 m from
the forest’s edge.

6.3.1 Species Observed
Four butterfly species were identified during the timed counts. The species were as follows:
o Blue-banded King Crow
« Blue Moon
e« Common Mormon
e Common Evening brown
None of the four species are considered endangered or threatened, and all are fairly well-

distributed throughout Guam and the Northern Mariana Islands. For a description of each species,
refer to Appendix E.
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Table 6-2 identifies the numbers of individuals and species observed within the various sampling
plots on Navy Barrigada in September, 2009, and January, 2010.

On Navy Barrigada, the Common Mormon was the most frequently observed butterfly in
September and January, comprising 73.2 and 52.5 percent of the total sightings, respectively.
The numbers of individuals and species showed little variation between September and January.

The Mariana Eight-Spot butterfly (Hypolomnas octocula mariannensis) and the Mariana
wandering butterfly (Vagrans egistina), which are both candidate species for listing by the United
States Fish and Wildlife Service (USFWS) under the Endangered Species Act of 1973, were not
observed on the transect.

Table 6-2

Butterfly Sightings at Navy Barrigada — September 2009 and January 2010

September 2009 January 2010
Distance SRScioy Distance CRSeloy
Blue- Blue- .
on Common banded Blue on Common banded Blue | Evening
Transect | Mormon : Moon | Transect | Mormon : Moon | Brown
King Crow King Crow
0 2 6 0 2 6 1
30 2 2 30 3
60 7 60 2 1
90 7 2 1 90 7 1
120 3 120 1 2
150 2 150 4 3
180 2 180 4
210 1 210 - -
240 4 240 2 1
TOTAL 30 10 1 TOTAL 21 17 1 1
Percent Percent
of 73.2 24.4 2.4 of 52.5 42.5 2.5 2.5
sightings sightings

6.3.2 Baited Traps

Two baited traps were placed on the transect during daylight hours. The trap was placed at the
start of the transects, and at approximately the 60 meter mark near a clearing. Two individuals of
evening brown butterfly were captured in September 2009. In January 2010, one evening brown
was captured.

6.4 Avian Surveys
On Navy Barrigada, roadside surveys (Figure 6-2) were conducted in the evening and forest bird

surveys were conducted in the morning. Table 6-3 lists the species identified as part of the
surveys.
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All of the observed species are common to Guam. Table 6-4 specifies the resident status of the
observed species. The nomenclature follows Gill et al., 2008. For more information on the
avifauna survey and results, refer to Appendix G.

Table 6-3

Species Identified during Roadside and Forest Bird Surveys — Navy Barrigada

. Total
Survey Type Numt_>er Species and _ Numbgr Number of
of Stations Number of Detections of Species .
Detections

Pacific Golden Plover (18)
Black Drongo (9)

Western Cattle Egret (8)
Roadside 6 Island Collared Dove (6) 7 53
Eurasian Tree Sparrow (6)
Black Francolin (3)
Yellow Bittern (3)

Forest Bird 4 - none - - hone - - none -

Table 6-4

Residence Status of the Avifaunal Species Identified during the Roadside and Forest Bird
Surveys — Navy Barrigada

Avifaunal Species Residence Status®
Yellow Bittern (Ixobrychus sinensis) Common resident native - breeding
Island Collared Dove (Streptopelia bitorquata) Common introduced resident - breeding
Black Drongo (Dicrurus macrocercus) Common introduced resident - breeding
Eurasian Tree Sparrow (Passer montanus) Common introduced resident - breeding
Black Francolin (Francolinus francolinus) Common introduced resident - breeding
Pacific Golden Plover (Pluvialis fulva) Common visitor — not breeding 2
Western Cattle Egret (Bubulcus ibis) Common visitor — not breeding
Notes: *Reichel and Glass 1991; **Johnson et al. 2006.

6.5 Tree Snail Surveys

General and detailed visual surveys were conducted on Transect 3 at Navy Barrigada (Figure 6-
1). No living partulid tree snails or their shells were observed (Table 6-5).

Shells of the introduced Giant African Snail (Achatina fulica) and both live individuals and shells
of the introduced snail Satsuma mercatoria (no0 common name) were seen on the transects.
Additionally, live introduced Manokwar flatworms (Platydemus manokwari) were observed
along Transect 3 (Table 6-5). Because no live partulid tree snails were observed during general
or detailed visual surveys, no quadrat surveys were completed; therefore, temperature, humidity,
and air movement measurements were not taken in areas not inhabited by tree snails.
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Table 6-5
Partulid Tree Snail General and Detailed Visual Survey Results on Department of Defense
Lands, Guam — Navy Barrigada

General Visual Survey Detailed Visual Transect N = osf P{:}rtulld
Date Survey Date Transect Length (m) Tree Snails
Observed
September 29, 2009 October 29, 2009" 3? 250 0
October 7, 2009" November 6, 2009* 3 250 0
1 Survey was completed over the course of two days due to poor weather conditions.
2 Flatworms recorded along the transect.

No partulid tree snails were observed. However, since there were several known host plant
species present throughout the survey area, the possibility that tree snails are present in habitat
associated with the surveyed transects cannot be dismissed.

The presence of flatworms on Navy Barrigada is of note — especially since the species was not
targeted during the tree-snail surveys. As flatworms are more likely to be seen nocturnally when
they are active, flatworms were likely present but undetected at all locations. This flatworm is
known to feed on juvenile partulid tree snails in the wild on Guam and Pacific tree snails in
captivity, and is believed to be the primary threat to the continued existence of partulid tree snails
on Guam, the Mariana Islands, and potentially Oceania (Hopper and Smith, 1992). The authors
reported that on Guam where flatworm abundance was high, partulid tree snail colonies were
rapidly declining.

6.6 Fruit Bat Surveys

NAVFAC biologists surveyed two locations on Navy Barrigada in May 2008. No bats were
sighted during this survey. For more information on the fruit bat survey and results, refer to
Appendix I.

6.7 Threatened and Endangered Species

No threatened or endangered avifauna, butterfly, herpetofauna
species or fruit bats were identified on Navy Barrigada. No
partulid snails were identified as part of the tree snail survey;
however, during the vegetation survey, live specimens of the
Pacific tree snail, Partula radiolata were found on a fagot,
Neisosperma oppositifolia plant along Transect 2 in the central
sector (Photo 6-2). The Pacific tree snail is listed as endangered on
the local and federal endangered species lists. Moreover, several
known host plant species present throughout the survey area, the
possibility that tree snails are present in habitat associated with the
surveyed transects cannot be dismissed.

Photo 6-2 Partula radiolata on Neisosperma leaf at Transect 2, Navy Barrigada.
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7 North Finegayan

On North Finegayan, natural resource surveys performed included herpetofauna, vegetation,
avian, and tree-snail surveys. Figure 7-1 identifies the locations of the nine ecological transects
where the surveys were performed. Also, for vegetation surveys, additional transects and survey
locations were utilized. The location of these transects and other survey locations are presented
when discussed in the respective discipline.

Nine transects were surveyed at North Finegayan. All nine transects were located in secondary
forest, dominated by Pandanus tectorius, Guamia mariannae, Vitex parviflora, and Hibiscus
tiliaceus.

7.1 Herpetofauna Surveys

Ten herpetofauna species were captured or observed on North Finegayan. Table 7-1 identifies the
species and their status. For more information on the herpetofauna survey and results, please refer
to Appendix B.

Table 7-1

Herpetofauna Captured or Observed on North Finegayan

Guild Species Status
Curious skink (Carlia ailanpalai) Introduced
Skinks Pacific blue-tailed skink (Emoia caeruleocauda) Native
Moth skink (Lipinia noctua) Native*
House gecko (Hemidactylus frenatus) Introduced
Mourning gecko (Lepidodactylus lugubris) Native
Gecko
Mutilating gecko (Gehyra mutilata) Native
Pacific slender-toed gecko (Nactus pelagicus) Native*
Snakes Brown treesnake (Boiga irregularis) Introduced
Other Monitor lizard (Varanus indicus) Pre-historic
Amphibian Marine toad (Rhinella marinus) Introduced
Notes: * This species is identified by the Guam Comprehensive Wildlife Conservation
\?érlzl;egies (GCWCS) as SOGCN/Endangered - species of with the highest conservation
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The capture of two Guam- listed endangered species (i.e., moth skink and Pacific slender-toed
gecko [Photo 7-1]) is noteworthy. The distribution and abundance of this native skink on Guam is
unknown, due to the variability of information presented by authors. The Pacific slender-toed
gecko is a rarely seen gecko. The moth skink was captured on Transect 9, Station 17. The pacific
slender-toed Gecko was captured on Transect 9 at stations 9, 15, 16, 24, 28, 30, and 34.This study
added records of the species at North Finegayan.

Photo 7-1 Photo of the Pacific slender-toed gecko, Nactus pelagicus

The continued widespread presence of the brown treesnake and curious skink, as well as other
introduced amphibian species, is of concern because of each species’ potential deleterious
impacts to Guam’s native fauna (Rodda et al., 1999, Kraus et al., 1999, Wiles et al., 2003, Christy
et al., 2007a). Of particular concern is the potential of the introduced species to serve as
additional food sources for the brown treesnake (Fritts and Rodda, 1998, Christy et al., 2007a).
For more information on the herpetofauna survey and results, please refer to Appendix B.

7.2 Vegetation
Vegetation surveys on North Finegayan consisted of the following:

« Quantitative Survey - The current quantitative survey areas at North Finegayan
comprised three vegetation types: limestone forest, coconut grove, and disturbed/weed
community. A disturbed/weed plant community occurred at forest edges and in patches
within the forest.

« Qualitative Survey - A qualitative survey was conducted in North Finegayan. The full
vegetation survey report is provided in Appendix D.
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7.2.1 Quantitative Survey
7.2.1.1 Trees

Native species comprised nearly three-quarters of the relative density of tree species in the six
transects in the limestone forest at upper North Finegayan (Chart 7-1). Thirteen of the 19 species
(or approximately 68 percent) encountered on the transects were native trees. It is notable that
Vitex parviflora, an introduced species, is a dominant component of these forests in terms of basal
area, absolute dominance, and frequency. Vitex had the highest relative density (about 22
percent), followed by native kafu or screwpine (Pandanus tectorius) and endemic paipai (Guamia
mariannae) trees, with densities of about 17 percent each. Vitex is a Philippine species that was
introduced to Guam prior to 1970 (Stone, 1970) and has since become a common component of
its forests (Donnegan et al., 2002).

In the forests of the southern sector (Transects 1 and 2), the three species with the highest relative
densities were Guamia mariannae, Pandanus tectorius, and Neisosperma oppositifolia, which
collectively accounted for 62 percent of the overall density. Native species had a combined
density of 87 percent; two of these species, Guamia and Aglaia, are endemic to the Mariana
Islands, and had a combined density of 27 percent. The non-native element was composed of
Triphasia trifolia and Vitex parviflora, with a combined density of 13 percent.

Non-native species (Vitex, Cestrum, and Triphasia) accounted for 45 percent of the relative
density in the limestone forest of the north-central sector of North FinegayanNorth Finegayan
(Transects 3 and 4). Native species made up slightly more than half of the overall density, but
endemic species (Guamia and Aglaia) accounted for only 8 percent of the relative density.

The limestone forest in the northeastern sector of North Finegayan (Transect 5) contained similar
relative densities of the introduced Vitex and the endemic Guamia trees. Vitex parviflora and
African tulip (Spathodea campanulata) trees were the non-native species, with a combined
relative density of about 32 percent. The three endemic species (Guamia, Eugenia palumbis, and
Maytenus thompsonii) accounted for about 30 percent of the relative density.

Transect 6, located along the coast of the Haputo Ecological Reserve Area (ERA) embayment,
was located within a coconut (Cocos nucifera) grove. A disturbed/weed plant community
occurred at forest edges and in patches within the forest. The area is located close to sea level
below the limestone plateau of the main annex. Nonag (Hernandia peltata), an indigenous tree,
had a relative density of about 22 percent; coconut palms comprised the remainder of the trees
(Chart 7-2).

The west-central sector of North Finegayan in the vicinity of Pugua Point (Transect 7) contains
limestone forest with a native species density of 66 percent and a pronounced Merrilliodendron
megacarpum component (Chart 7-3). Merriolliodendron megacarpum is an indigenous species
found in only a few localities on Guam because of its restricted habit. Non-native species
accounted for 34 percent of the relative density; Annona, Triphasia, and Carica are successful
introductions that have long been naturalized in native forests. Endemic species (Guamia and
Aglaia) accounted for 14 percent of the relative density. The native cycad, Cycas micronesica,
had a low density of only 3 percent.
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Chart 7-1

Relative Density of Tree Species in Transects 1 to 5 and Transect 8, North Finegayan
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Chart 7-3
Relative Density of Tree Species on Transect 7 — North Finegayan.
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The limestone forest along Transect 7 in lower North Finegayan is a distinctive community
composed of a stand of faniok (Merrilliodendron megacarpum) trees that provide habitat for the
Pacific tree snail (Partula radiolata). The forest is situated close to sea level along the base of an
escarpment and overlies Karstic limestone substrate. From north to south, the site transitions from
faniok-dominated forest to a more mixed community.

Transect 8 in the North Finegayan annex was a coconut (Cocos nucifera) grove in the Haputo
ERA embayment along the western coast. The area is located close to sea level below the
limestone plateau of the main annex. Nonag (Hernandia peltata), an indigenous tree, had a
relative density of about 22 percent; coconut palms comprised the remainder of the trees along
this transect.

Transect 9 sampled a forested area on the east side of the parcel. The overall density for this
transect was calculated at 1,435 trees per hectare. Only four species of tree were encountered
throughout the survey. The introduced Vitex parviflora was the most dominant species
encountered along this transect, and the only introduced species observed. Vitex parviflora had a
relative density of 55 percent (Chart 7-4) and a relative dominance of 93 percent. Hibiscus
tiliaceus and Pandanus tectorius, together, had a relative density of 44 percent, yet only
accounted for approximately 6 percent of the relative dominance within the transect. One
individual of Cocos nucifera was encountered.
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Chart 7-4

Relative Density of Tree Species on Transect 9 — North Finegayan
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7.2.1.2 Seedlings

The percentage of native woody seedlings quantified along the transects exceeded 80 for
Transects 4 and 8 in the northern and northwestern sectors on the upper plateau, and for Transect
7 along the west-central coast. Elsewhere, less than 60 percent of the seedlings were native.

The mean woody seedling density for all transects at North Finegayan was slightly higher for
native species (1.71 seedlings per m?) than for introduced species (1.12 seedlings per m?).

7.2.1.3 Habitat Quality

Certain aspects of the plant communities may provide a general indication of the quality of the
habitat at North Finegayan. These include ungulate activity, presence of erosion, the percentage
of native plant species, and overall species richness.

Analysis of individual transects revealed significantly lower species richness in the coconut grove
of Transect 6 compared to all other sites. This transect was in the lower plateau and lacked many
of the woody species observed in the remaining seven transects. Similar species richness values
were observed for Transect 5 in the northeastern sector and for Transect 8 in the northwestern
sector, which are both on the upper plateau.

The ground cover along Transects 1-8 at North Finegayan showed a high mean frequency of litter
and relatively low mean frequencies of bare soil and rock (Chart 7-5). Along Transect 9, the rock,
soil, litter, and live vegetation frequencies were 0, 1, 71, and 18, respectively. Thus, for all
transect on North Finegayan, litter comprised the overwhelming majority of ground cover, with
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live vegetation being the second most common ground cover. Rock and soil was rarely
encountered as ground cover.

Chart 7-5

Mean Frequency of Ground Cover along Transects at North Finegayan
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Ungulate activity was observed most frequently in the form of rubbings on tree trunks and
browsing. Soil disturbance, such as wallows, was less frequently observed at North Finegayan.
An example of the type of ungulate disturbance observed at North Finegayan- is shown in Photo
7-2. Ungulates, most likely feral pigs, have toppled a fadang (Cycas micronesica) specimen,
possibly to feed on the pith material in the trunk.

Photo 7-2 Ungulate damage to Cycas micronesica, Transect 8, North Finegayan

51



Natural Resources Survey Report
December 23, 2010

7.2.2 Qualitative Survey

On January 15, 2010 a qualitative survey was performed on eight transects (Figure 7-1) located in
a secondary forest in the northeast portion of North Finegayan. No listed or rare species were
observed. A small patch of Procris pedunculata, the host plant for the Mariana Eight-spot
Butterfly, was observed scattered in one area of cockscomb limestone. The cockscomb limestone
area also has some large (rising to nearly 6 m in height) Cycas micronesia, a SOGCN plant
species. For more information on the results of this survey, refer to Appendix D.

7.2.3 Threatened and Endangered Species and Species of Concern -
Vegetation

Threatened and Endangered Species

None of the locally-listed or federally-listed endangered plants were detected during the current
survey in North Finegayan.

Species of Concern

Species of concern are those plants that have biological or cultural significance as determined by
recognized authorities or regulatory agencies. The Guam Department of Agriculture/ Division of
Agquatic and Wildlife Resources currently lists three plants among the SOGCNSs for the island,
based on certain criteria.

Two SOGCNSs are present at North Finegayan: faniok (Merrilliodendron megacarpum), fadang
(Cycas micronesica). According to the Guam Comprehensive Wildlife Conservation Strategy,
faniok is threatened by herbivory, typhoons, and development (Department of Agriculture, 2005).
A faniok stand is present along Transect 7 close to sea level in the west-central sector of the
installation. Fadang is typically distributed over limestone and volcanic substrates, but
populations island wide are in decline from infestation by the Asian cycad scale (Aulacaspis
yasumatsui) (Department of Agriculture, 2005). Fadang was quantified only on Transect 7 in the
west-central sector and on Transect 8 in the northwestern sector of the upper plateau. These areas
also had the most native tree species among those surveyed.

7.3 Avian Surveys

Forest bird surveys (Figure 7-1) and roadside surveys (Figure 7-2) were conducted in the
morning. Table 7-2 identifies the species observed as part of the surveys.

All of the observed species are common to Guam. Table 7-3 specifies the resident status of the

observed species. The nomenclature follows Gill et al., 2008. For more information on the
avifauna survey and results, refer to Appendix G.
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Table 7-2

Species Identified During Roadside and Forest Bird Surveys — North Finegayan

Survey Number of Species and Number of Vol
Type Stations Number of Detections Species Number of
Detections
Pacific Golden Plover (53)
Black Francolin (13)
Roadside 13 Eurasian Tree Sparrow (7) 5 81
Island Collared Dove (6)
Black Drongo (2)
Island Collared Dove (7)
Forest Bird 17 Black Francolin (2) 3 10
Eurasian Tree Sparrow (1)

Table 7-3

Residence Status of the Avifaunal Species Identified during the Roadside and Forest Bird

Surveys — North Finegayan

Avifaunal Species

Residence Status®

Island Collared Dove (Streptopelia bitorquata)

Common introduced resident - breeding

Black Drongo (Dicrurus macrocercus)

Common introduced resident - breeding

Eurasian Tree Sparrow (Passer montanus)

Common introduced resident - breeding

Black Francolin (Francolinus francolinus)

Common introduced resident - breeding

Pacific Golden Plover (Pluvialis fulva)

Common visitor — not breeding *

Notes:

! Residence status obtained from Reichel, J. D. and P. O. Glass, 1991, Checklist of the birds of the Mariana
Islands. ‘Elepaio, 51(1): 3-10.

?Residence status obtained from Johnson, O.W., Goodwill, R. & Johnson, P.M. 2006, Wintering ground fidelity
and other features of Pacific Golden-Plovers Pluvialis fulva on Saipan, Mariana Islands, with comparative
observations from Oahu, Hawaiian Islands. Wader Study Group Bull. 109: 67-72.

7.4 Tree Snail Surveys

In 2008 a survey was performed on North Finegayan centered on the southern area and at Haputo
Beach, and along the cliff line at Pugua Point in the central western area of the base (Appendix H;
Smith et. al., 2008). The only colonies found were at Haputo Beach and Pugua Point. At Pugua
Point the colony was made up of Samoan fragilis and Partula radiolata while the colony
Comprised both Partula gibba and Partula radiolata at Haputo Beach.

In addition, a general and detailed visual survey was completed on Transect 9 at North Finegayan
(Table 7-4). No living partulid tree snails (or their shells) were observed during any of the
surveys conducted along the transect. No partulid tree snails were observed on Transect 9 in
North Finegayan, but since there were several known host plant species present throughout the
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survey area, the possibility that tree snails are present in habitat associated with the surveyed
transects cannot be dismissed.

Table 7-4

Partulid Tree Snail General and Detailed Visual Survey Results on Department of Defense
Lands, Guam — North Finegayan

General Visual Detailed Visual Transect | Number of Partulid
Survey Date Survey Date Transect Length (m) Tree Snails
Observed
21 January 2010 21 January 2010 NFIN - 9 500 0

Note: Because no live partulid tree snails were observed during general or detailed visual surveys, no quadrat
surveys were completed; therefore, temperature, humidity, and air movement measurements were not taken in
areas not inhabited by tree snails.

Shells of the introduced Giant African Snail (Achatina fulica) and both live individuals and shells
of the introduced snail Satsuma mercatoria (no common name) were seen along the transect.

7.5 Fruit Bat Surveys

NAVFAC biologists surveyed three locations over 10 days on North Finegayan from February to
June 2008. Two bats were observed during this survey, one below the cliff line of the Haputo
reserve and the other crossing Route 3A. For more information on the fruit bat survey and results,
refer to Appendix I.

7.6 Threatened and Endangered Species

No federally-listed threatened or endangered avifauna, butterfly, herpetofauna, or tree snail
species were identified at North Finegayan. However as noted above the federally threatened
Fruit Bat was sighted at North Finegayan.

The capture of two Guam- listed endangered species (i.e., moth skink and Pacific slender-toed
gecko occurred on North Finegayan. The moth skink was captured on Transect 9, Station 17. The
pacific slender-toed Gecko was captured on Transect 9 at stations 9, 15, 16, 24, 28, 30, and 34.

Two SOGCN plant species are present at North Finegayan: faniok (Merrilliodendron
megacarpum) and fadang (Cycas micronesica). According to the Guam Comprehensive Wildlife
Conservation Strategy, faniok is threatened by herbivory, typhoons, and development
(Department of Agriculture, 2005). Procris pedunculata, the host plant for the Mariana Eight
Spot butterfly was observed scattered at North Finegayan.

The Haputo Ecological Reserve Area provides habitat for the Pacific tree snail (Partula
radiolata) and the last remaining colony of Mariana tree snails (Samoana fragilis) on Guam.
These species are among the endemic tree snails locally-listed as endangered and federally-listed
as candidate species.
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8 South Finegayan

On South Finegayan, the natural resource surveys performed included: herpetofauna, vegetation,
and avian surveys. Figure 8-1 identifies the locations of the natural resource surveys’ transects.
On South Finegayan, both transects consisted primarily of Hibiscus tiliaceus and Leucaena
leucocephala; bare ground was also common.

8.1 Herpetofauna Surveys
A total of five herpetofauna species were observed on South Finegayan. Table 8-1 identifies the
species and their status. For more information on the herpetofauna survey and results, please refer
to Appendix B.

Table 8-1

Herpetofauna Observed on South Finegayan

Guild Species Status
Skink Curious skink (Carlia ailanpalai) Introduced
inks
Pacific blue-tailed skink (Emoia caeruleocauda) Native
House gecko (Hemidactylus frenatus) Introduced
Gecko — - -
Mutilating gecko (Gehyra mutilata) Native
Amphibian | Marine toad (Rhinella marinus) Introduced

The continued widespread presence of the curious skink as well as of other introduced amphibian
species is of concern because of each species’ potential deleterious impacts to Guam’s native
fauna (Rodda et al., 1999, Kraus et al., 1999, Wiles et al., 2003, Christy et al., 2007a). Of
particular concern is the potential for the introduced species to serve as additional food sources
for the brown treesnake (Fritts and Rodda, 1998, Christy et al., 2007a). For more information on
the herpetofauna survey and results, please refer to Appendix B.

8.2 Vegetation
8.2.1 Trees

Calculation of the relative density of tree species on South Finegayan shows that the non-native
Vitex, tangantangan, and papaya (Carica papaya) comprise 67 percent of the trees, with the
remaining five species, all of which are native species comprising 33 percent; none are endemic
to Guam or the other Northern Mariana Islands. The low native tree component may be attributed
to past clearing activities at the site, which is adjacent to a fenced area enclosing what appears to
be a hazardous waste remediation site. For more information on the vegetation survey and results,
please refer to Appendix D.
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Chart 8-1
Relative Density of Trees at South Finegayan — Transects 1 and 2
(N = native)
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8.2.2 Seedlings

The mean woody seedling density at South Finegayan was lower for native species (1.46
seedlings/m?) than for introduced species (4.06 seedlings/m?). Chart 8-2 illustrates this difference
between native and introduced seedling density. As can be seen in the figure, there are substantial
variation in the number of seedlings per square meter along the transects.

Chart 8-2

Seedling Density of Woody Species at South Finegayan

Mean Wody
Seedling Density/SM

Native Introduced
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8.2.3 Habitat Quality

Certain aspects of the plant communities may provide a general indication of the quality of the
habitat at South Finegayan. These include ungulate activity, presence of erosion, the percent of
native plant species, and overall species richness.

Ungulate activity at South Finegayan fell into two categories: rubbings and soil disturbance. The
ground cover at South Finegayan was primarily in the form of litter. Little live vegetation was
detected.

8.2.4 Threatened and Endangered Species and Species of Concern -

No species listed as threatened or endangered, either by the Federal or local government, were
observed along the transects at South Finegayan. Moreover, no species of concern were observed
along the transects.

8.3 Avian Surveys

On South Finegayan, forest bird surveys (Figure 8-1) and roadside surveys (Figure 8-2) were
conducted in the morning. Table 8-2 identifies the species observed as part of the surveys.

Table 8-2

Species Identified During Roadside and Forest Bird Surveys — South Finegayan

Number of Species and Number of Total Number

Survey Type Stations Number of Detections Species of Detections

Pacific Golden Plover (53)
Island Collared Dove (28)
Black Drongo (16)
Eurasian Tree Sparrow (14)
Common Pigeon (3)
Yellow Bittern (1)

Roadside 11 5 115

Forest Bird 4 Island Collared Dove (4) 1 4

All of the observed species are common to Guam. Table 8-3 specifies the resident status of the
observed species. The nomenclature follows Gill et al., 2008. For more information on the
avifauna survey and results, refer to Appendix G.

8.4 Threatened and Endangered Species

No threatened or endangered species were identified on South Finegayan during the natural
resource surveys.
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Table 8-3

Residence Status of the Avifaunal Species Identified during the Roadside and Forest Bird
Surveys — South Finegayan

Avifaunal Species

Residence Status®

Yellow Bittern (Ixobrychus sinensis)

Common resident native — breeding

Island Collared Dove (Streptopelia bitorquata)

Common introduced resident — breeding

Black Drongo (Dicrurus macrocercus)

Common introduced resident — breeding

Eurasian Tree Sparrow (Passer montanus)

Common introduced resident — breeding

Pacific Golden Plover (Pluvialis fulva)

Common visitor — not breeding *

Notes::

! Residence status obtained from Reichel, J. D. and P. O. Glass, 1991, Checklist of the birds of the Mariana Islands.

‘Elepaio, 51(1): 3-10.

2 Residence status obtained from Johnson, O.W., Goodwill, R. & Johnson, P.M. 2006, Wintering ground fidelity and
other features of Pacific Golden-Plovers Pluvialis fulva on Saipan, Mariana Islands, with comparative observations from

Oahu, Hawaiian Islands. Wader Study Group Bull. 109: 67-72.
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9 Main Base — Orote Point and Inner Apra Harbor and
Polaris Point

The natural resource surveys on Main Base were in both terrestrial and aquatic habitats. The
terrestrial habitats surveys were Orote Point, Polaris Point, and the Camp Covington Wetlands.
The aquatic habitat that was surveyed consisted of portions of Inner Apra Harbor.

Subchapter 9.1 documents the herpetofauna survey conducted within Orote Point and Polaris
Point. Subchapters 9.2 and 9.3 discuss the vegetation and avian surveys, respectively, conducted
at Orote Point and Polaris Point. The locations of the survey sites are identified on Figure 9-1. In-
water marine surveys associated with Inner Apra Harbor are documented in Subchapter 9.4. The
locations of the survey sites in Inner Apra Harbor are identified on Figure 9-2.

Five transects were surveyed at Orote Point (Figure 9-1). Guamia mariannae, Aglaia
mariannensis, Ficus tinctoria, Triphasia trifolia, and Pandanus tectorius dominated Transects 1,
2, 3a, and 3b. Transect 4, located below the Spanish Steps toward the beach, was almost entirely
Cocos nucifera. Two northwest-southeast running transects were surveyed within the vegetated
areas of Polaris Point.

9.1 Herpetofauna Surveys

Herptofauna surveys were conducted on Orote Point and Polaris Point. The results of the surveys
are provided in Subchapters 9.1.1 and 9.1.2, respectively.

9.1.1 Orote Point
A total of seven herpetofauna species were captured or observed on Orote Point. Table 9-1 lists
the species and their status. For more information on the herpetofauna survey and results, please
refer to Appendix B.

Table 9-1

Herpetofauna Captured or Observed on Orote Point

Guild Species Status
Skinks Curious skink (Carlia ailanpalai) Introduced
Pacific blue-tailed skink (Emoia caeruleocauda) Native
House gecko (Hemidactylus frenatus) Introduced
Gecko Mourning gecko (Lepidodactylus lugubris) Native
Mutilating gecko (Gehyra mutilata) Native
Snakes | Brown treesnake (Boiga irregularis) Introduced
Other Monitor lizard (Varanus indicus) Introduced
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The continued widespread presence of the brown treesnake and the curious skink, as well as other
introduced amphibian species, is of concern because of each species’ potential deleterious
impacts to Guam’s native fauna (Rodda et al., 1999, Kraus et al., 1999, Wiles et al., 2003, Christy
et al., 2007a). Of particular concern is the potential for introduced species to serve as additional
food sources for the brown treesnake (Fritts and Rodda, 1998, Christy et al., 2007a).

9.1.2 Polaris Point
In 2008, the NAVFAC Pacific biologists performed herpetofauna surveys along two transects in
Polaris Point (Figure 9-1). Table 9-2 identifies the herptofauna that were observed. Eight

herptofauna species were identified at Polaris Point. The species observed include the endangered
moth skink and five introduced species.

Table 9-2

Herpetofauna Captured or Observed on Polaris Point

Group Species Status
Curious skink (Carlia ailanpalai) Introduced
Skinks Pacific blue-tailed skink (Emoia caeruleocauda) Native
Moth skink (Lipinia noctua) Native*
Geckos House gecko (Hemidactylus frenatus) Introduced
Mutilating gecko (Gehyra mutilata) Native
Snakes Brown treesnake (Boiga irregularis) Introduced
Amphibians Marine toad (Rhinella marinus) Introduced
Other Monitor lizard (Varanus indicus) Introduced
Note: *Identified in the Guam Comprehensive Wildlife Conservation Strategy (GCWCS)
as Endangered/ Species of Greatest Conservation Need (SOGCN) (GDAWR, 2006).

9.2 Vegetation

Vegetation surveys were performed on Orote Point and Polaris Point. On Orote Point,
guantitative surveys were performed along a transect in the upper plateau to the west of the old
runway in the southern sector of Orote. The area has a rugged limestone karst topography.

On Polaris Point, a qualitative vegetation survey was performed by Navy biologists in 2008.
Subchapter 9.2.2 details the results of the survey at Polaris Point.

9.2.1 Orote Point
9.2.1.1 Trees

Surveys were performed along a transect in the upper plateau to the west of the old runway in the
southern sector of Orote. The area has a rugged limestone karst topography.
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Based on the transect results, the overall density in this sector of Orote is approximately 5,030
trees per ha. The limestone forest was characterized by native fagot (Neisosperma oppositifolia)
trees, which comprised 28 percent of the relative density, or approximately 1,414 trees per ha.
The next highest densities were for the well-established but non-native trees tangantangan
(Leucaena leucocephala) and Lemon China (Triphasia trifolia), with densities of 16 percent and
14 percent, respectively. Collectively, introduced species, including papaya (Carica papaya),
comprised 33 percent of the relative density (Chart 9-1). The remaining 67 percent of the relative
density comprised native species, including the Mariana Islands endemic species Aglaia
marianennsis and Tabernaemontana rotensis.

Absolute cover or dominance was highest for native Ficus rolix, at 20.84 m?/ha, Pisonia grandis,
at 16.20 m?ha, and Tristiropsis acutangula, at 15.93 m*ha; each had total basal areas exceeding
2,000 cm?. These species occupy the uppermost canopy of the forest. In comparison, non-native
Leucaena leucocephala, Triphasia trifolia, and Carica papaya, which occupy the forest
understory, had relatively modest absolute cover values less than 3 m%ha.

Absolute frequency was led by native fagot (Neisosperma oppositifolia), a mid- to upper-canopy
tree, with a value of 56.25. The naturalized species, Triphasia trifolia and Leucaena
leucocephala, had the next highest absolute frequencies, at 37.50 each. Leucaena is well-
distributed on Orote Point, forming buffers between the periphery of the forest and cleared areas.
Leucaena had a density of 59.23 trees per 100 m? (5,923 trees per ha) and an absolute frequency
of 75 in forests sampled near the Kilo Wharf extension project on the northern coast of the Point.

Chart 9-1

Relative Density of Trees along Orote Point Transect 1
(N = native)
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9.2.1.2 Seedlings
The woody seedling composition in plots at Orote Point consisted of about 84 percent native

seedlings, with a seedling density of 4.04 seedlings/m® Introduced seedlings comprised
approximately 15 percent, with a density of 0.76 seedlings/m’.
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The native woody seedling density seemed to reflect the higher relative density of native tree
species quantified in the point-center quarter transect.

9.2.1.3 Habitat Quality

Certain aspects of the plant communities may provide a general indication of the quality of the
habitat at Orote Point. These include ungulate activity, the presence of erosion, the percentage of
native plant species, and overall species richness. The species richness curve does not show a
definite asymptote to indicate that richness has leveled off.

The mean frequency of ground cover in four categories was calculated based on quadrats. The
mean frequencies for the categories of rock and vegetative litter were close to one another; live
vegetation was very low, and no bare soil was observed in quadrats.

Orote Point is considered free of ungulates because of its topography and relative isolation.
Nonetheless, the area was surveyed for soil disturbance or other activity attributed to ungulates,
but no ungulate sign was recorded at Orote Point along the vegetation transect.

9.2.1.4 Threatened and Endangered Species and Species of Concern — Orote Point
Threatened and Endangered Species

Guam’s only federally-listed plant species, the fire tree or trongkon guafi (Serianthes nelsonii), is
known to occur only at the northern tip of the island (USFWS, 1994). BioSystems Analysis, Inc.
(1989) identified ufa-halomtano (Heritiera longipetiolata), an endangered species by the Guam
ESA (5 GCA, Chapter 63), as the only listed species within Orote Peninsula. No specimens of
Heritiera longipetiolata were found in the 2008 survey, which sampled the forest on the southern
region of the Peninsula opposite the ammunition wharf.

Notable Species and Species of Concern
The following species of concern were identified within Orote Point during the current survey:

« Tabernaemontana rotensis (Apocynaceae) is an endemic tree with distribution limited to
the islands of Guam and Rota. The species was proposed for federal listing under the U.S.
Endangered Species Act but this candidacy status was removed in 2004.
Tabernaemontana is considered an SOGCN by the Government of Guam (Department of
Agriculture, 2006). One live specimen of Tabernaemontana was encountered in the
current vegetation survey, which appeared to be a healthy tree with a basal area of 26.96
cm?. No flowers, fruits, or seedlings were observed.

« Pisonia grandis (Nyctaginaceae) is an indigenous tree considered important to the
recovery of the Micronesian kingfisher (Halcyon cinnamomina cinnamomina) as nesting
habitat. A density of 157 trees per ha was calculated for the survey at Orote.

« Cycas micronesica (Cycadaceae) is listed by the Guam Department of Agriculture as an
SOGCN. This native cycad is under threat by an introduced insect, the Asian scale
(Aulacaspis yasumatsui).
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o Tristiropsis acutangula (Balsalminaceae) is an indigenous tree of limited distribution on
Guam. Orote had the highest density of Tristiropsis (approximately 236 trees per ha)
among all DOD and non-DOD lands investigated in the current survey.

« Zeuxine fritzii (Orchidaceae) is an indigenous ground orchid found on forest floors. Feral
pigs are known threats because of their rooting activities.

9.2.2 Polaris Point
9.2.2.1 Trees

At Polaris Point the number of trees per hectare (ha) was calculated at 5,004 trees/ha. The mean
dbh (cm) (with 95 percent confidence interval) was calculated to be 6.12 (5.03-7.21). Leuceana
leucocephala comprised 88 percent of the tree layer Chart 9-2 identifies the species composition
along the transect.

Chart 9-2

Tree Species Composition at Polaris Point

20R292%
%

@ Leuceana leucocephala
® Hibiscus tiliaceus
0 Casuarina equisetifolia

0 Papaya carica

B Morinda citrifolia
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9.2.2.2 Threatened and Endangered Species — Polaris Point Plant Species

No threatened and endangered species or species of concern were identified at Polaris Point.

9.3 Avian Surveys

On the Main Base, avian surveys occurred on Orote Point, Polaris Point, and the Camp Covington
Wetlands.

9.3.1 Orote Point

On Orote Point, both roadside (Figure 9-3) and forest bird surveys (Figure 9-1) were conducted in
the morning. Table 9-3 lists the species observed as part of the surveys.
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Table 9-3

Species Identified During the Roadside and Forest Bird Surveys — Orote Point

Island Collared Dove (1)
Black Drongo (4)

Survey Tvoe Number of Species and Number of | Total Number
y 1yp Stations Number of Detections Species of Detections
Pacific Golden Plover (50)
Black Francolin (12)
Roadside 5 Whimbrel (11) 5 78

Island Collared Dove (1)
Forest Bird 8 Yellow Bittern (1) 3 3
Black Francolin (1)

All of the observed species are common to Guam. Table 9-4 specifies the resident status of the
observed species. The nomenclature follows Gill et al. 2008. For more information on the

avifauna survey and results, refer to Appendix G.

Table 9-4

Residence Status of the Avifaunal Species Identified during the Roadside and Forest Bird
Surveys — Orote Point

Avifaunal Species

Residence Status’

Yellow Bittern (Ixobrychus sinensis)

Common resident native — breeding

Island Collared Dove (Streptopelia bitorquata)

Common introduced resident — breeding

Black Drongo (Dicrurus macrocercus)

Common introduced resident — breeding

Black Francolin (Francolinus francolinus)

Common introduced resident — breeding

Whimbrel (Numenius phaeopus)

Common visitor — not breeding

Pacific Golden Plover (Pluvialis fulva)

Common visitor — not breeding *

NOTES:

Mariana Islands. ‘Elepaio, 51(1): 3-10.

1 Residence status obtained from Reichel, J. D. and P. O. Glass, 1991, Checklist of the birds of the

2 Residence status obtained from Johnson, O.W., Goodwill, R. & Johnson, P.M., 2006, Wintering
ground fidelity and other features of Pacific Golden-Plovers Pluvialis fulva on Saipan, Mariana Islands,
with comparative observations from Oahu, Hawaiian Islands. Wader Study Group Bull. 109: 67-72.

9.3.2 Polaris Point

On Polaris Point, aviafauna surveys were conducted by NAVFAC Pacific biologists along two
transects (Figure 9-4). Four species were observed and are provided in Table 9-5.
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Table 9-5

Avian Survey Results — Orote Point

Avifaunal Species Residence Status®
Yellow Bittern (Ixobrychus sinensis) Common resident native — breeding
Black Drongo (Dicrurus macrocercus) Common introduced resident — breeding
Philippine Turtle Dove (Streptopelia bitorquata) Common introduced resident - breeding
. Uncommon resident to Guam, nests in
Brown noddy (Anous stolidus) numbers on Gocos Island ®

NOTES:
1 Residence status obtained from Reichel, J. D. and P. O. Glass, 1991, Checklist of the birds of the
Mariana Islands. ‘Elepaio, 51(1): 3-10.

2 Residence status obtained from Johnson, O.W., Goodwill, R. & Johnson, P.M., 2006, Wintering
ground fidelity and other features of Pacific Golden-Plovers Pluvialis fulva on Saipan, Mariana Islands,
with comparative observations from Oahu, Hawaiian Islands. Wader Study Group Bull. 109: 67—72.

3 USGS, 2010

Three of the species observed in the survey at Polaris Point are common to Guam. However, on
species, the brown noddy, nest in numbers on nearby Cocos Island but have not successfully
nested on Guam since the brown tree snake populations peaked in the 1970s and 1980s (USGS,
2010).

9.3.3 Avian Endangered Species Survey

The Camp Covington wetland (Figure 9-4) was identified as a habitat resource requiring special
surveys to determine whether the federally endangered Mariana Common Moorhen (Gallinula
chloropus) was present. Eleven listening stations were strategically positioned around the wetland
habitat. Surveys were conducted during the morning hours from sunrise to 1000 hours.

Survey stations were placed a minimum of 150 m apart to minimize double-counting. All
moorhen detections were recorded (by visual observation or by song) within one 8-minute
survey; no surveys were replicated. Though weather conditions were variable, data quality was
not compromised by surveying in inclement weather.

No federally endangered Mariana Common Moorhens were detected during the Endangered
Species Survey conducted at the Camp Covington wetland complex.

9.4 Inner Apra Harbor

Within Apra Harbor, marine investigations occurred along the wharves of Polaris Point, Oscar
and Papa Wharves (Figure 9-5), and Abo Cove and Wharves S, T, U, V and X (Figure-9-6).
Marine surveys were accomplished through visual observation of scientists.
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9.4.1 Benthic Cover
9.4.1.1 Oscar and Papa Wharves

Mean surface coverage of the vertical substrate along the transects at Oscar and Papa Wharves is
presented in Chart 9-3. The harbor floor not sampled. Substrate coverage was divided into seven
abiotic and biotic features at the sites. The mean biotic coverage in ten quadrat samples was 20.63
percent at Oscar Wharf and 55.63 percent at Papa Wharf. Sponges were the predominant biotic
cover organisms at Oscar Wharf, ranging from 0-18.75 percent cover; macroalgae were
predominant at Papa Wharf, ranging from 12.5-62.5 percent cover.

9.4.1.2 Abo Cove and Wharves S, T, U, V and X

A total 70 benthic taxa were recorded and quantified during this study. The total number of taxa
recorded is low compared to benthic surveys in other parts of the harbor. Mean surface coverage
of the vertical substrate and along the transects is presented in Chart 9-4. The average species
richness of the quadrats is also low compared to similar studies in other parts of Guam. There was
a large difference in the total number of species and in species richness between quadrats from
Abo Cove and the wharf transects. The most authentic “natural” site (Abo Cove) is significantly
less taxon-rich than the wharf sites.

Turbidity and sediment deposition are most likely the most important causal factors for this
difference. Caulerpa verticillata is a green alga that copes well with increased levels of
sedimentation and reduced salinities. Exceptionally large specimens of this alga were found in
Abo Cove, probably a result of relatively low herbivore pressure. The distribution of the seagrass
species Halophila japonica also seems to be restricted to Abo Cove in the inner harbor.

Turbidity is high throughout the inner harbor, but the vertical orientation of hard substrates (and
probably ship activity) at the wharves results in a lower amount of sediment deposition, favoring
the growth of epilithic biota adapted to low-light conditions. Although very different from Abo
Cove, the benthic assemblages of the wharves contain interesting taxa as well. Some of the taxa
recorded here do not appear in the most recent taxonomic treatises for Guam. For example, the
very abundant Celleporaria sibogae and the rather uncommon Lichenopora sp. are most likely
new bryozoan records for Guam, as this group has been virtually unstudied in the region (Paulay,
2003). Diversity measures mimic the differences in species richness between the inner harbor
sites. Sponges contribute most to the benthic diversity of the wharves. A number of these
probably also constitute new records for Guam, and others are infrequently encountered
elsewhere around the island as they are typically confined to deep water, caves, or other cryptic
habitats.

As with taxonomic richness and diversity, the benthic assemblages of Abo Cove differ
significantly from the wharf sites in having a low overall biotic cover. This is a direct result of the
Abo Cove site being a mostly horizontally oriented sedimentation flat. In contrast, the biotic
assemblages of the wharves are best developed on the shallow vertical surfaces. It is important to
note, however, that corals are the main constituents of the biotic assemblages at Abo Cove, while
the wharves are predominantly covered by crustose algae and sponges.
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Chart 9-3

Percent Coverage of Algae, Sponges (Porifera), Corals (Cnidaria), and other Covertypes at
Oscar and Papa Wharves
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Chart 9-4

Percent Coverage of Algae, Sponges (Porifera), Corals (Cnidaria), and other Covertypes at Abo
Coves and Wharves S, T U, V, and X
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9.4.1.3 Polaris Point

Sand and mud are the most significant components of benthic cover at Polaris Point, accounting
for more than 42-48% of the total cover by depth in all zones. Mean surface coverage of the
vertical substrate along the transects at Polaris Point is presented in Chart 9-5. Abiotic cover
exceeded biotic cover in all sectors. Macroalgae comprised a very minor proportion of benthic
cover in all sections and depths. Padina boryana, Dictyota bartayersiana and Halimeda opuntia
accounted for most of the macroalgae observed at this site.

9.4.2 Corals
9.4.2.1 Oscar and Papa Wharves

Species richness was highest at Oscar Wharf, where six species occurred on the transect; only
three species occurred on the transects at Papa Wharf. Leptastrea purpurea, Pocillopora
damicornis and Porites lobata were the most frequently observed species. Three species,
Dendrophyllia sp., Psammocora haimeana, and Porites rus occurred on the transect only at Oscar
Wharf.

9.4.2.2 Abo Cove and Wharves S, T, U, V and X

A total of 13 species of scleractinian corals encountered on six transects in Abo Cove and
Wharves S, T, U, V, and X. An additional 13 species of scleractinian corals were observed on
substrates adjacent to the transects. Two species of non-scleractinian anthozoans were also
recorded. Therefore, a cumulative total of 28 species of corals and related organisms, representing
11 families and 13 genera, was observed at the study site. This count represents a minimum,
because several corals could be identified only to genus in the field and, therefore, may consist of
more than one species.

Species richness was highest at X-ray Wharf, where eight species occurred on the transect; only
four species occurred on transects at Above Cove and Tango, Uniform, and Victor Wharves.
Porites lutea and Pocillopora damicornis were the most common species, occurring on five of
the six transects. Seven species occurred on only one transect, and three of these species were
represented by single observations.

Poritid corals were predominant in coverage, averaging some 83 percent relative coverage on
transects. Similarly, Porites spp. occurred at high frequencies on transects, although smaller
species, such as Pocillopora damicornis and Leptastrea purpurea, exhibited high frequencies as
well. The harbor floor consists of fine-grain sediments unsuitable for settlement by coral larvae.
Consequently, few corals were encountered on Transects 1 and 2 on the harbor floor. Small
colonies of Porites lutea were observed on scattered pieces of debris and old pilings that provided
the only hard substrate available for settlement of larvae. With the exception of what appeared to
be the remains of an old pier extending perpendicularly from Victor Wharf, the amount of debris
was greater near the wharves. No corals were observed on the harbor floor at distances of 20 m or
more.

The fourth root-transformed relative coral coverage data were analyzed by non-metric
multidimensional scaling (NMDS). The two-dimensional NMDS plot shows the biotic affinities
between the sites (low stress) and reveals differences not only between Abo Cove and the wharf
sites, but between Sierra Wharf and the four remaining wharves. Uniform Wharf and X-ray
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Chart 9-5

Percent Coverage of Algae, Corals (Cnidaria), and other Covertypes
at Polaris Point
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Wharf cluster together, as do Tango Wharf and Victor Wharf. Coral communities on the four
southern wharves are more similar to each other than to either Sierra Wharf or Abo Cove.

9.4.2.3 Polaris Point

Nine species of scleractinian corals, representing 3 families and 3 genera were encountered on the
transect lines off Polaris Point. Species richness was generally greater on the deeper transects.
Leptastrea purpurea was the most common species, occurring on all transects and in the largest
numbers. Porites lutea (5 transects) and Porites rus (4 transects) were also common but the latter
species was more abundant. Two species, Porites compressa and P. densa, were seen on one
transect only.

Leptastrea purpurea had the greatest density on the shallow (2m) transect while Porites lobata
had the greatest on the deep (4m) transect in the western most area. In the center portion of the
survey area, Leptastrea purpurea had the greatest density on the shallow transect but on the deep
transect both Porites rus and P. lobata had much higher densities. In eastern portion of the site,
Porites lutea had the greatest density on the shallow transect while P. rus had the greatest density
on the deep transect.

9.4.3 Macroinvertebrates
9.4.3.1 Oscar and Papa Wharves

Seventeen species of solitary macroinvertebrates were encountered on the transect at Papa Wharf,
and 12 species were recorded on the transect at Oscar Wharf. As noted at other sites in Inner Apra
Harbor (Smith et al., 2008), 100 percent of the macroinvertebrates encountered on the transects
were suspension feeders. Bivalve mollusks (seven species) and solitary ascidians (eight species)
dominated the macroinvertebrate fauna at both wharves, and mean densities were generally
greater at Papa Wharf. The bivalves Malleus decurtatus and Spondylus squamosus were
remarkably more abundant at Papa Wharf, as was the ascidian Rhopalaea circula. Mean densities
ranged from less than 1.0 individual/20 m* (several species) to 55 individuals/20 m? (Spondylus
squamosus at Papa Wharf). Spondylid bivalves occurred at the greatest density encountered at
both sites

9.4.3.2 Abo Cove and Wharves S, T, U, V and X

Twenty species of solitary macroinvertebrates in four phyla were encountered on the transects,
and ten additional species were observed in areas adjacent to the transects. Three of the species
on transects occurred as single observations, and one species, Phallusia nigra, is reported as non-
indigenous (Paulay et al., 2001a; Lambert, 2002, 2003). The greatest diversity (i.e., 16 species, or
80 percent of the diversity on transects) was found on the vertical face at Victor Wharf (Transect
V), and the least (i.e., eight species) on the coral reef at Abo Cove (Transect A). Bivalve mollusks
and ascidians dominated the macroinvertebrate fauna in terms of both diversity and density.
Remarkably, 100 percent of the macroinvertebrate species encountered on transects were
suspension feeders. Of the total 30 species of solitary macroinvertebrates, all but three are
suspension feeders — the three being detritus feeders. The predominance of suspension feeders in
lagoonal environments, such as the inner harbor, may be a result of nutrient enrichment by
terrestrial runoff and the extended residence time of waters in the lagoon.
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Densities of solitary macroinvertebrates ranged from less than one individual of a species to more
than 90 individuals/10 m? with bivalve mollusks and ascidians being predominant. The hammer
oyster Malleus decurtatus occurred in the greatest densities (up to 9.3 oysters/ m? at Victor
Wharf), with thorny oysters, Spondylus spp., and jewel box clams, Chama spp., also abundant.
Among ascidians, Rhopalaea circula reached a density of 6.3 individuals/ m? at Tango Wharf.
The greatest total density was observed at Victor Wharf (Transect V), where there were 143.7
macroinvertebrates/10 m?; the lowest total density was 4.4 macroinvertebrates/10 m? at Abo
Cove. As noted above for benthic coverage, this pattern may be explained by the greater
availability of hard substrate for post-larval settlement on the vertical faces of the wharves, as
compared to the sediment-laden horizontal substrate on the reef at Abo Cove.

The harbor floor is largely depauperate of epibenthic macroinvertebrates. The substrate of the
harbor consists predominately of a sticky, fine silt/mud sediment that is easily resuspended.
Observed species were associated with debris that provided hard substrate, with the exception of
the detritivorous snail Bittium sp. Generally, the volume of debris, and therefore the number of
macroinvertebrates, diminished with distance from the wharves. Although few epibenthic
macroinvertebrates were observed on the harbor floor, large numbers of burrow openings were
present, indicating an abundance of infaunal organisms.

Comparison of macroinvertebrate community structure across transects by cluster analysis
indicates considerable contrast for horizontal and vertical substrates. The macroinvertebrate
community on vertical faces of the wharves form a single large clade that is distinctly different
than the community inhabiting the horizontal substrate at Abo Cove. As noted for benthic cover,
the similarity between Uniform Wharf and Victor Wharf is high. However, for solitary
macroinvertebrates, X-ray Wharf is more similar to these communities than to the community at
Tango Wharf. The Abo Cove macroinvertebrate community is distinctly different from the
communities on the wharf faces, which clustered together.

Possibly the most abundant solitary invertebrates were neither epibenthic nor conspicuous. The
pelagic thecosomate gastropod cf. Styliola subula was abundant in surface waters adjacent to all
surveyed wharves.

9.4.3.3 Polaris Point

The distribution and abundance of epibenthic macroinvertebrates observed on the surveyed
transects provided a total of 41 species from 5 phyla. There were 9 species of sponges (Porifera:
Demospongiae), 3 species of polychaete worms (Annelida), 6 species of gastropods (Mollusca),
15 species of bivalves (Mollusca), species of shrimps and crabs (Crustacea), and species of sea
squirts (Ascidea). Haliclona sp. (blue) was the most common species of sponge observed. The
polychaete annelid Sabellastarte spectabilis was found all of the transects. Among gastropod
molluscs the most commonly observed species was Cerithium munitum, the dead shells of which
were seen on 4 of the 6 transects. Bivalve molluscs tended to be more common, with Malleus
decurtatus and Saccostrea cucullata both observed on all transects, while Lithophaga sp. was
seen on transect 6 and Spondylus squamosus on transect 5, respectively. Alpheus djiboutiensis
was the most commonly seen shrimp but was observed only on 2 transectssimilarly, the crab
Calcinus spp. was observed on 2 transects, as well. As for sea squirts, the most common species
was Rhopalaea circula, which was observed on all 6 transects.

Densities of macroinvertebrate species tended to be quite low, although some bivalves tended to
have the greatest densities across sectors. For example, Malleus decurtatus was quite dense along

72



Natural Resources Survey Report
December 23, 2010

the shallow (2m) in the center portion of the surveyed area. Among ascidians, Ascidia sp. had the
greatest density on the shallow transect.

9.4.4 Fish

9.4.4.1 Oscar and Papa Wharves

Thirty-five species of fishes were observed on transects surveyed at both wharves. As with other
sites within the Inner Apra Harbor surveyed previously (Smith et al., 2008), this low level of
species richness represents an impoverished fish fauna (there are about 1,000 species of reef and
near-shore fishes reported from the Mariana Islands; Myers and Donaldson, 2003; unpublished
data). Components of this fauna, however, are indicative of protected, turbid lagoons or bays of
Guam, of which there are relatively few compared to clear water reefs, and thus constitute a
relatively unique assemblage of fishes.

Two invasive species were observed at both wharves. One, Neopomacentrus violescens
(Pomacentridae, damselfishes), has been reported previously (Myers, 1999; Myers and
Donaldson, 2003). This species was found more recently on Tango, Uniform and X-ray Wharves
(Smith et al., 2008). The second species, Amblygliphididon ternatensis (Pomacentridae), was
reported from Sierra, Tango, Uniform and Victor Wharves. These damselfishes occur elsewhere
in the western Indo-Pacific region in natural habitats somewhat similar to those found in Inner
Apra Harbor (Myers, 1999).

Species richness (the number of species observed) ranged from 15 (n = 57 individuals) at Oscar
Wharf to 29 (n = 1347 individuals) at Papa Wharf. Generally, species richness was greater on or
adjacent to mid-wall and top-wall transects at both wharves, where corals, hanging debris, and
oyster shells provided shelter for various species, but especially damselfishes, cardinalfishes and
juvenile butterflyfishes. Bottom-transects at both wharves had the lowest number of species and
individuals. These included burrowing gobies (mainly Oplopomus oplopomus) and transient
snappers (Lutjanus fulvus).

9.4.4.2 Abo Cove and Wharves S, T, U, V and X

Sixty-two species of fishes were observed on transects surveyed within the Apra Inner Harbor.
While this number indicates an impoverished fish fauna (there are approximately 1,000 species of
reef and nearshore fishes known from the Mariana Islands; the fauna seems representative of
protected, turbid lagoons or bays of Guam. Further, at least three species appear to be invasive or
new records for Guam and the Mariana Islands. These species are the following: N. eviolescens,
A. ternatensis and Rhamdia cypselurus (Apogonidae; cardinalfishes). These species has not been
reported previously from the Mariana Islands. All three species occur elsewhere in the western
Indo-Pacific region in natural habitats somewhat similar to those found in Inner Apra Harbor
(Myers, 1999).

Species richness between stations ranged from 2 (harbor floor, Transect 2) to 29 (UniformWharf-
bottom, Transect UB). Generally, species richness was greater on the bottom at stations, where
debris provided shelter for various species. Some wharf walls (mid-depth transects), however,
supported relatively high numbers of species, as well.

Densities of fish species refers to the number of individuals/m* Small, structure-associated
cardinalfishes had the greatest density among stations. Apogon lateralis (Apogonidae) densities
where high at Sierra Wharf (20/m? at mid-depth and 4.4/m* at subsurface depth), Victor Wharf,
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Uniform Wharf, and X-ray Wharf (2.06/m? at mid-depth). Another cardinalfish, the apparently
invasive Rhabdamia cypselerus, had relatively high densities at Sierra Wharf and Tango Wharf.
Both species tended to occur in aggregations of several individuals. The invasive damselfish,
Amblyglyphididon ternatensis (Pomacentridae), was relatively dense at Victor Wharf (2.24/m? at
mid-depth) and Sierra Wharf (1.16/m? at subsurface depth). This species occurred in aggregations
as well; many were juveniles. Densities of other species were low to very low and ranged from
0.0033/m? to 1.0/m’.

9.4.4.3 Polaris Point

A total of 47 species were observed at the Polaris Point site. Species richness ranged from 1 on
transect to 26. Mean (= SE) species richness was 10.7 (x 2.8) for all transects combined. The
number of fishes per transect ranged from 3 to 661. The mean (£ SE) number of fishes per
transects was 117.7 for all transects combined. Overall, species richness and abundance were
highest on shallow transects while diversity was highest on deeper transects. The assemblage of
fishes was similar to those reported for other Inner Harbor habitats with coral (Smith et al., 2008)
or no coral but debris on sand or silty substrata (Smith et al., 2008; Donaldson et al., 2010).

The density of each reef fish species observed on transects ranged from 0.01. to 2.8 fish per m2.
Most species had densities of less than 0.1 per m2, but two species of cardinalfishes associated
with structure, Apogon lateralis and Apogon leptacanthus (Apogonidae), were found at densities
of 2.8 and 2.7 per m2 , respectively. The burrowing shrimp goby Cryptocentrus strigilliceps
(Gobiidae) was found at relatively high densities on shallow transects.

9.4.5 Summary
9.4.5.1 Oscar and Papa Wharves

As shown in a previous study (Smith et al., 2008), the artificial and most anthropogenically-
impacted habitats, wharves, might contribute most to the biotic richness and diversity of the inner
harbor. The synoptic account of the benthic invertebrates is indicative of unique benthic fauna,
especially so for the sponges. Hence, more extensive taxonomic surveys are warranted to assess
the biological value of the inner harbor, as well as its potential as an area for potential
establishment of invasive species.

The coral fauna of the study area consisted of 19 species of scleractinian corals, and an additional
two taxa including a stony hydrozoan and an octocoral. The predominant corals were Pocillopora
damicornis, Porites lobata, and Leptastrea purpurea. The coral assemblage in Inner Apra Harbor
is characteristic of environments with high levels of sedimentation and turbidity, with the most
common species, in order of tolerance to these conditions, being Porites lutea, Pocillopora
damicornis, and Leptastrea purpurea (Amesbury et al., 1977). Coral species (Smith et al., 2008;
this report).

Macroinvertebrates communities on the vertical surfaces of Oscar and Papa Wharves were only
moderately diverse, with species observed on or near transects. This pattern is consistent with that
reported for similar localities within the inner harbor (Smith et al., 2008). For corals, availability
of sediment-free hard substrate for sessile and sedentary macroinvertebrates is a limiting factor on
horizontal surfaces. Macroinvertebrate assemblages on both wharves were dominated by
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suspension feeding species, which comprised 100 percent of the species occurring on transects
and 90 percent of all species observed.

The species richness and diversity of the fish faunas of Oscar and Papa Wharves, like elsewhere
in the inner harbor (Smith et al., 2008), are relatively low compared to habitats elsewhere on
Guam. These fauna are highly adapted and representative of protected and turbid habitats usually
associated with mangroves, estuaries, and back reefs, with some exceptions. A considerable
amount of habitat is provided by artificial shelter in the form of wharves and jetsam and debris
(pilings, frames, storage units, etc.), and the microhabitats found on or adjacent to these were
utilized by many species of fishes. Larval fishes of these species could have settled and recruited
to these habitats and microhabitats, either through natural stochastic processes or by transport
(e.g., bilge water), and became established at each of the wharves. Many of the individuals of
these species were juveniles or subadults. Alternatively, some species, particularly those that
swim actively in the water column, may have colonized these habitats as adults after swimming to
them from outside of the inner harbor.

9.4.4.2 Abo Cove and Wharves S, T, U, V and X

This study shows a clear difference between the most authentic inner harbor habitats at Abo Cove
and the manmade wharfs (Chart 9-4). Ironically, the artificial and most anthropogenically
impacted habitats of the wharfs might contribute most to the biotic richness and diversity of the
inner harbor. The synoptic account of the benthic invertebrates is indicative of unigue benthic
fauna, especially so for the sponges.

The coral fauna of the study area consisted of 30 species, or about 10 percent of the coral fauna of
Guam (see Randall, 2003). The predominant corals were massive Porites spp., one of which
exceeded 1 m in diameter at Abo Cove. The coral assemblage in Inner Apra Harbor is
characteristic of environments with high levels of sedimentation and turbidity, with the most
common species, in order of tolerance to these conditions, being Porites lutea, Pocillopora
damicornis, and Leptastrea purpurea (Amesbury et al., 1977). Coral species richness is highest
on relatively sediment-free, hard substrates on vertical faces of wharves.

Macroinvertebrates communities in the inner harbor were only moderately diverse, with 30
species observed on or near transects. As for corals, availability of sediment-free hard substrate
for sessile and sedentary macroinvertebrates is a limiting factor on horizontal surface. On the
harbor floor, macroinvertebrates were limited to scattered debris that provided the only hard
substrate available. Macroinvertebrate assemblages in the inner harbor were dominated by
suspension feeding species, which comprised 100 percent of the species occurring on transects
and 90 percent of all species observed. Except for a single species of marine snail, no
macroinvertebrates were observed on the soft sediments of the harbor floor.

The species richness and diversity of the fish fauna within the Inner Harbor are relatively low
compared to habitats elsewhere on Guam. However, the fauna are highly adapted and
representative of protected and turbid habitats usually associated with mangroves, estuaries, and
back reefs, with some exceptions. A considerable amount of habitat is provided by artificial
shelter in the form of wharves, and the microhabitats found on or adjacent to those wharves was
utilized by many species of fishes. Larval fishes of these species could have settled and recruited
to these habitats and microhabitats, either through natural stochastic processes or by transport
(i.e., bilge water), and became established at each of the stations. Many of the individuals of these
species were juveniles or subadults. Alternatively, some species, particularly those that swim
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actively in the water column, may have colonized these habitats as adults after swimming to them
from outside of the inner harbor.

Perhaps the only unusual species present at most or all stations are the bottom dwelling,
burrowing goby species that may be specific only to sand bottoms in back bay or estuarine areas.
The extent of the distribution of these species is not well known, however, because of the
generally poor visibility encountered in such areas (i.e., Inner Apra Harbor and Sasa Bay in
western Guam, and the estuaries of the Pago, Ylig, and Talofofo Rivers in eastern Guam).

9.4.5.3 Polaris Point

While this site is seemingly unremarkable in terms of diversity, it should be noted that the coral
colonies observed on the slope here are of relatively recent origin, ca. 60+ years (R.H. Randall,
personal communication), and are the product of settlement and colonization of previously-
disturbed habitat. Nine species of corals were observed during the survey and of these, certain
species (e.g., Porites lobata, P. lutea, and P. rus) are important for reef building and for
providing habitat for other species. Sand and mud accounted for most benthic cover, with
macroalgae (6 species) playing such a minor part. Among significant macroinvertebrates, 41
species were observed. More prominent groups included sponges, bivalve molluscs, and the
gastropod Cerithium munitum. The burrowing shrimp Alpheus djiboutiensis, commensal with the
shrimp goby Cryptocentrus strigilliceps, was seen on shallow transects. Fish species richness was
relatively low at this site.

9.5 Fruit Bat Surveys

NAVFAC biologists surveyed one location on Orote Point during this survey in April 2008. No
Fruit bats were observed. For more information on the fruit bat survey and results, refer to
Appendix .

9.6 Threatened and Endangered Species

No federally-listed threatened or endangered avifauna were identified on the Navy Main Base.
However, a Guam-listed endangered species: moth skink (herptofauna) was observed on Polaris
Point.

During the marine survey, a green turtle was observed from the boat in waters between Abo Cove
and the southern end of Victor Wharf. Chelonia mydas is listed as a threatened species under the
federal ESA. The observed individual was small (0.5-1.0 m carapace length).

Because of the fine-grained, muddy composition of the shoreline of Inner Apra Harbor, the
beaches in the vicinity are not considered as potential nesting sites for endangered and threatened
marine turtles known to occur in the seas around Guam. The nearest documented nesting beaches
are near Gabgab Beach, in the outer harbor. Therefore, it is assumed that the individual sighted
was foraging.
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10 Naval Munitions Site

On Naval Munitions Site (NMS, formerly known as Naval Magazine) and along the Proposed
Access Road Option A, natural resource surveys performed included herpetofauna, vegetation,
and avian surveys. Figure 10-1, NMS — Northern Transects Map, and Figure 10-2, NMS -
Southern Transects Map, show the locations of the ecological transects. Figure 10-3 identifies the
location of Proposed Access Road Option A.

At the NMS, eleven transects were surveyed. Ten of the eleven transects were situated almost
entirely in native forest consisting of Premna obtusifolia, Aglaia mariannensis, and Guamia
mariannae. Some transects passed over streams and swampy ground where Cocos nucifera,
Pandanus tectorius, and Hibiscus tiliaceus were dominant. One transect was dominated by
Miscanthus floridulus.

10.1 Herpetofauna Surveys

At NMS, herpetofauna surveys were conducted within the NMS and within a corridor for the
potential Proposed Access Road Option A. The results of the surveys within the NMS are
presented in Subchapter 10.1.1. The results of the surveys conducted within the proposed access
road corridor are presented in Subchapter 10.1.2.

10.1.1 NMS - Results

Six herpetofauna species were captured or observed on NMS. Table 10-1 identifies the species
and their status. For more information on the herpetofauna survey and results, please refer to
Appendix B.

The capture of moth skink and Pacific slender-toed gecko at NMS is noteworthy. The distribution
and abundance of this native skink on Guam is unknown, due to the variability of information
presented by authors. Since the transect on which the species was caught was the only transect
not to be visually searched at night, the number of moth skink detected during this survey might
have been higher if a night search had been conducted.

The continued widespread presence of the brown treesnake and the curious skink, as well as other
introduced amphibian species, is of concern because of each species’ potential deleterious
impacts to Guam’s native fauna (Kraus et al., 1999, Wiles et al., 2003, Christy et al., 2007a).

10.1.2 Proposed Access Road Option A

This site consisted of three transects in forested areas, situated alongside the trail leading into the
top NMS (Figure 10-3). The first two were in degraded forest of Leucaena leucocephala,
Hibiscus tiliaceus, and Flagellaria indica. The third, at the highest elevation, was primarily
native forest; Pandanus tectorius and Aglaia mariannensis were common at this location.
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Table 10-1

Herpetofauna Captured or Observed on NMS

Guild Species Status
Curious skink (Carlia ailanpalai) Introduced
Skinks Pacific blue-tailed skink (Emoia caeruleocauda) Native
Moth skink (Lipinia noctua) Native*
House gecko (Hemidactylus frenatus) Introduced
Gecko Mourning gecko (Lepidodactylus lugubris) Native
Mutilating gecko (Gehyra mutilata) Native
Pacific slender-toed gecko (Nactus pelagicus) Native*
Snake Brown treesnake (Boiga irregularis) Introduced
Marine toad (Rhinella marinus) Introduced
Eastern dwarf tree frog (Litoria fallax) Introduced
Amphibians Crab-eating frog (Fejervarya cancrivora) Introduced
Gunther’'s Amoy frog (Sylvirana guentheri) Introduced
Notes: * This species is identified by the Guam Comprehensive Wildlife Conservation
\?érlzatee.gies (GCWCS) as SOGCN/Endangered - species of with the highest conservation

Four herpetofauna species were captured or observed within the Proposed Access Road Option A
area. Table 10-2 identifies the species and their status. For more information on the herpetofauna
survey and results, please refer to Appendix B.

The continued widespread presence of Carlia fusca as well as other introduced amphibian species
is of concern because of each species’ potential deleterious impacts to Guam’s native fauna
(Rodda et al., 1999, Kraus et al., 1999, Wiles et al., 2003, Christy et al., 2007a).

Table 10-2

Herpetofauna Captured or Observed on Proposed Access Road Option A

Guild Species Status
) Curious skink (Carlia fusca) Introduced
Skinks " . . : :
Pacific blue-tailed skink (Emoia caeruleocauda) Native
Gecko House Gecko (Hemidactylus frenatus) Introduced
Amphibians | Marine Toad (Rhinella marinus) Introduced
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10.2 Vegetation
10.2.1 Quantitative Surveys

Quantitative surveys were performed along transects in ravine forest, limestone forest, and a
savanna grassland community. Due to the size of the NMS surveys, transects are divided into the
northern and southern sectors, as described below.

e Northern Sector (Transects 1 through 7).

- In the northwestern portion of NMS, ravine forest was sampled along
Transects 1 and 3, which both cross stream channels. Transect 1 was the
longest, and traversed the most variable terrain, of the seven transects
conducted in northern NMS.

- Transect 2 sampled a grassland; thus, no data are presented with respect to
trees (e.g., species, density, etc.).

- Transects 4, 5, and 6, were in the vicinity of stream channels.

- In the north-central sector, which is near active and former operations areas,
Transect 7 sampled a ravine forest.

e Southern Sector (Transects 8 through 11).

- In the southern sector of NMS, Transects 8 and 11 sampled the ravine forest
and coconut grove surrounding the Explosive Ordnance Disposal (EOD)
Range.

- Transect 9 sampled the faniok (Merrilliodendron megacarpum) forest around
Mount. Almagosa.

- Transect 10 sampled ravine forest along the Sadog Gagu River, which drains
into Fena Reservoir.

10.2.1.1 Northern Sector

Native species accounted for approximately 70 percent of the relative density among the 11 tree
species quantified along Transect 1 (Chart 10-1). The overall density for this transect was
calculated at approximately 1,203 trees per ha. The native kafu or screwpine (Pandanus tectorius)
had the highest relative density (over 50 percent) and was the most dominant species among the
11 tree species encountered on the transects.

The ravine forest sampled in Transect 3 had a density of approximately 1,700 trees per ha.
Betelnut palms (Areca catechu), which are thought to be an aboriginal introduction, had the
highest relative density (29 percent) among the seven species on the transect (Chart 10-2). Aside
from betelnut and Vitex parviflora, the transect was made up of native species that accounted for
approximately 67 percent of the relative density.

The transects in the northeastern sector (Transects 4 through 6) revealed a calculated density of
approximately 5,261 trees per ha. The native kafu (Pandanus tectorius) had the highest cover and
third-highest relative density (about 17 percent) among the 11 tree species in the transects (Chart
10-3). The introduced and often invasive BayRum Tree(Pimenta racemosa) had the highest
relative density (about 20 percent), followed closely by native pago (Hibiscus tiliaceus) with

about 19 percent. Both native gulos (Cynometra ramiflora) and introduced Lemon China
(Triphasia trifolia) had densities of about 16 percent. These five species each had relative
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densities exceeding 15 percent; in contrast, on Transect 1 the relative density of kafu was slightly
more than 50 percent and the densities of each of the remaining species were less than 14 percent.

Chart 10-1
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Chart 10-2
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Chart 10-3
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The ravine forest sampled along Transect 7 had a calculated density of approximately 1,791 trees
per ha. The four highest relative densities were for species native to Guam, and ranged from
about 33 percent to 10 percent. Introduced species accounted for less than 13 percent of the
relative density among the nine species on the transect (Chart 10-4).

10.2.1.2 Southern Sector

Transect 9 sampled the ravine forest in the valley slopes surrounding Mt. Almagosa. The overall
density was calculated at approximately 2,637 trees per hectare. The forest is characterized by the
dominant faniok (Merrilliodendron megacarpum) trees that comprised over 63 percent of the
relative density (Chart 10-5). Faniok had an absolute cover of 21.31 m#ha, well above any other
species on the transect.

Transect 10 sampled the ravine forest along the Sadog Gagu River in the southern sector of the
annex. Point-center quarter results revealed an overall tree density of approximately 1,474 trees
per ha. Two introduced and naturalized species, coconut (Cocos nucifera) and Milla (Vitex
parviflora), outranked all other species, with cover values of 13.46 m’ha and 8.02 m?ha,
respectively. Vitex also had the highest relative density (28 percent), followed by the betelnut
palm or pugua (Areca catechu) (22 percent) (Chart 10-5). The overall relative density of native
species was approximately 33 percent, which is lower than the densities observed in ravine forest
transects in the northern sectors of the annex.
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Chart 10-4
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The ravine forest in the southwestern sector of the annex was sampled along Transects 8 and 11,
located south and west of the explosive ordnance disposal (EOD) range, respectively. The survey
revealed an overall density of about 1,500 trees per ha. Coconut (Cocos nucifera) and betelnut
palms were dominant with native kafu (Pandanus tectorius) in terms of density, dominance and
frequency (Chart 10-6).

The remaining species had low relative densities. The native cycad or fading (Cycas micronesica)
was represented by two specimens with a mean basal area of 630 cm?; both trees were sampled
on Transect 8.

10.2.2 Seedlings

The study plots analyzed in the northern NMS revealed a lower native woody seedling density of
approximately 1.83 seedlings/m? compared with introduced seedlings, which had a density of
about 2.44 seedlings/m® Transect 4 in the northeastern sector had a particularly high density of
bay-rum (Pimenta racemosa) seedlings, which contributed to the higher overall density of
introduced seedling species. Bay-rum appears to be thriving in the northeastern sector, possibly in
part because of its prolific seed production.

The southern sector of NMS had a native woody seedling density of about 17.19 seedlings/m?.
This was higher than the density of introduced seedlings, which was approximately 1.06
seedlings/m® Native mapunao (Aglaia mariannensis) trees were prolific seedling producers on
Transect 9, which contributed to the higher native seedling density in southern NMS.
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Chart 10-5
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Chart 10-6
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Chart 10-7
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10.2.3 Habitat Quality

Certain aspects of the plant communities may provide a general indication of the quality of the
habitat at NMS. These include ungulate activity, the presence of erosion, the percentage of native
plant species, and overall species richness. Among the transects sampled in the northern sector of
NMS, species richness was highest for Transect 5, followed by Transects 7, 1, 6, 3, and 4,
respectively. Transect 1 and Transect 7 appear to have similar points of inflection; rarefaction
would indicate that richness is similar among these transects, although fewer samples were
obtained for Transect 7.

Species richness curves indicate a higher species richness for Transect 9 in the Merrilliodendron
megacarpum forest than for other transects in the southern sector of NMS (Transects 8, 10, and
11). Transect 9 also had the highest relative density of native versus introduced species among all
transects at NMS.

Overall, the lowest species richness in the southern sector of NMS was along Transect 11 in the
ravine forest west of the EOD Range, which contained only seven tree species. This forest
contains a high proportion of coconut (Cocos nucifera) (approximately 55 percent of the relative
density) among mostly kafu (Pandanus tectorius), betelnut (Areca catechu), and pago (Hibiscus
tiliaceus) trees. In the northern sector of NMS, the lowest species richness was observed along
Transect 4; only five species were sampled on this transect, which contained similar relative
densities of native and introduced species.

Ungulate activity was quantified at stations along Transects 1 through 11. Soil disturbance, such
as rooting, had the highest mean frequency, followed by browsing. Erosion, vegetation damage
and other disturbance from wild pigs (Sus scrofa), deer (Cervus unicolor), and carabao (Bubalis
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bubalis) are considered major problems at NMS. The ungulate activity was especially
conspicuous along Transect 11 in the southern sector of NMS, where active wallows, rooting, and
live feral pigs were observed.

10.2.4 Threatened and Endangered Species and Species of Concern
10.2.4.1 Threatened and Endangered Species

The only federally- or locally-listed species identified at NMS by BioSystems Analysis, Inc.
(1989) was the tree fern tsatsa (Cyathea lunulata), which is locally protected as an endangered
species. However, no tree ferns or other listed species were observed at NMS during the current
survey.

10.2.4.2 Species of Concern

The Guam Department of Agriculture lists fadang (Cycas micronesica) among the six plant
SOGCNSs (Department of Agriculture, 2005). This was the only SOGCN observed during the
current survey. In the northern sector of NMS, fadang had a relative density of less than 4 percent
on Transects 1 and 3; it was not sampled on other transects in the northern sector of NMS. In the
southern sector of NMS, fadang appeared only on Transects 8 and 10, where it had relative
densities of approximately 2 percent and 4 percent, respectively.

BioSystems Analysis, Inc. (1989) cited the presence of several rare but unprotected species at
NMS. These species were the following:

o Thelypteris warburgii, a fern indigenous to Guam and Papua New Guinea that occurs
only at NMS along the Bonya, Tolaeyuus and Maemong Rivers. T. warburgii is also
considered a species of concern by the USFWS (USFWS, 2005).

Eria rostiflora, an epiphytic orchid found only at NMS.

Coelogyne guamensis, an epiphytic orchid found locally only at NMS.

Nervilia platychila, a ground orchid found locally only at NMS.

Maesa sp., a tree found locally only at NMS.

Fagraea berteriana, a native tree found locally only at NMS.

Merrilliodendron megacarpum, a native tree with limited distribution on Guam.

With respect to these species of concern, the findings of the current surveys were as follows:

« Thelypteris warburgii was identified near Transects 5 and 6, with only one plant at each
site.

« Fagraea berteriana - a few specimens of were observed along Transects 1 and 9, some of
which were flowering and fruiting.

« Merrilliodendron megacarpum was quantified in the forest stands along Transect 9
around Mount Almagosa.

The following uncommon species were also noted along transects at NMS, although they are not
regulated or managed by the federal or local authorities: Hedyotis laciniata, an endemic herb of
the savannas; Tuberolabium (Trachoma) guamensis, an endemic epiphytic orchid found on Guam
and Rota; and Luisia teretifolia, an indigenous epiphytic orchid found on Guam and Rota.
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10.2.5 Qualitative Survey
10.2.5.1 NMS

A qualitative survey was performed on twelve transects within the NMS (Figure 10-1). Three
separate Merrilliodendron megacarpum stands were mapped totaling 10 acres (4 hectares). In
addition, numerous other smaller scattered patches of Merrilliodenron megacarpum were noted in
the area. Several uncommon species were observed including Dishidia puberula and Coelogyne
guamense, the latter an orchid species found primarily in the branches of large trees on high
limestone ridges and found on Guam, Rota, and Palau (Raulerson and Rinehart, 1992).

10.2.5.2 Proposed Access Road

A qualitative vegetative survey was performed along the Proposed Access Road Option A. The
proposed access road would follow an existing foot trail that traverses savanna vegetation with a
few stands of forest in minor valleys. The area surveyed was within approximately 25 m of either
side of the trail. Merrilliodendron megacarpum forest, an uncommon forest type on Guam, was
present and dominated a portion of the small forest on either side of the trail at the highest forest
stand encountered along the trail. On both sides of the trail, the Merrilliodendron megacarpum
forest did not appear to extend much, if at all, beyond the survey corridor. No threatened or
endangered or rare species were observed.

10.3 Avian Surveys

On the NMS, roadside bird surveys (Figure 10-4) and forest bird surveys were conducted in the
morning. Table 10-3 lists the species observed as part of the surveys.

Table 10-3

Species Identified during Roadside and Forest Bird Surveys — NMS

Number Total
of Number of
Species | Detections

Number of Species and

Sy Ty Stations Number of Detections

Island Collared Dove (13)
Black Francolin (11)
Roadside 23 Pacific Golden Plover (6) 5 35
Black Drongo (3)
White Tern (2)

Black Francolin (8)
White Tern (3)
Forest Bird 29 Island Collared Dove (2) 5 15
Yellow Bittern (1)
Grey-tailed Tattler (1)

With the exception of the white tern, all of the observed avian species are common to Guam.
Although the white tern is uncommon, it does breed on Guam. Table 10-4 specifies the resident
status of the observed species. The nomenclature follows Gill et al., 2008. For more information
on the avifauna species below, refer to Appendix A.
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Table 10-4
Residence Status of Avifaunal Species Identified during the Roadside and Forest Bird Surveys —
NMS
Avifaunal Species Residence Status®
White Tern (Gygis alba) Uncommon, native resident - breeding
Yellow Bittern (Ixobrychus sinensis) Common resident native - breeding

Island Collared Dove (Streptopelia bitorquata) Common introduced resident - breeding

Black Drongo (Dicrurus macrocercus) Common introduced resident - breeding
Eurasian Tree Sparrow (Passer montanus) Common introduced resident - breeding
Black Francolin (Francolinus francolinus) Common introduced resident - breeding
Pacific Golden Plover (Pluvialis fulva) Common visitor — not breeding *
Grey-tailed Tattler (Tringa brevipes) Common visitor — not breeding

Notes:

1 Residence status obtained from Reichel, J. D. and P. O. Glass, 1991, Checklist of the birds of the
Mariana Islands. ‘Elepaio, 51(1): 3-10.

2 Residence status obtained from Johnson, O.W., Goodwill, R. & Johnson, P.M., 2006, Wintering ground
fidelity and other features of Pacific Golden-Plovers Pluvialis fulva on Saipan, Mariana Islands, with
comparative observations from Oahu, Hawaiian Islands. Wader Study Group Bull. 109: 67—72.

10.4 Tree Snail Surveys

In 2008 a survey was performed at select locations in the Naval Munitions (Appendix H; Smith
et. al., 2008). Two colonies of partulid snails were found near Kitts Road. Only Partula radiolata
were found at the two locations.

Additional surveys were conducted along transects in the southern Naval Munitions site and
along the southern access road. In their report Barry Smith and Richard Randall (2010) state that
no endangered tree snails were observed at any transect surveyed. However, one dead ground
shell of Partula gibba was found near Almagosa Spring. The tree snail survey report is provided
in Appendix H.

10.5 Threatened and Endangered Species

No federally-listed threatened or endangered avifauna, herpetofauna, tree snail, or vegetation
species were identified on the NMS.

Two Guam-listed SOGCN amphibians (moth skink and Pacific slender-toed gecko) were
identified on NMS. The moth skink was identified on Transect 1, Stations 18, 47, and 50;
Transect 10, Station 14; and Transect 11, Station 18. The Pacific slender-toed gecko was
observed on Transect 8, Station 18; Transect 10, Stations 17 and 22; and Transect 11, Station 19.
Fadang (Cycas micronesica), a SOGCN plant species was observed on Transects land 3 within
the northern section of NMS and Transects 8 and 10 in the southern section of NMS.
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11 Route 1 River Crossings

Five bridges along Route 1require structural upgrades as some are not structurally sound to carry
current loads and to support the ABM Transports. At these five locations, both avian and in-
stream surveys were conducted. The five bridges cross the following rivers from south to north:
the Atantano, Aquada, Sasa, Asan, and Agana. Figure 11-1 depicts the locations of the river
crossing study areas.

At each river crossing, scientists measured the width of the stream bed at the upstream and
downstream location of the river’s crossing under Route 1. The depth was also measured
immediately upstream and downstream of Route 1. Finally, within 50 m upstream and
downstream of the bridge, the benthic substrate, flow, the height and composition of river banks,
fish species utilizing the area, and the general ecological setting were also recorded. Avian
surveys were performed at the five river crossings; however, no avifauna were observed at any
location.

The investigations were conducted twice, first during the rainy season of 2009, when some areas
were obscured due to turbid water conditions, and second during the dry season (in January
2010), when water conditions were less turbid.

11.1 Atantano River

The Atantano River crossing of Route 1 is located approximately 0.7 kilometers (km) north of the
main gate of the Apra Harbor Naval Reservation. The areas immediately adjacent to the banks are
largely undeveloped. The crossing is approximately 0.5 km upstream of the river’s confluence
with Inner Apra Harbor.

At the Route 1 crossing, the Atantano River is 13.2 m wide and 2 m deep at the downstream
location and 13.4 m wide and 2.8 m deep at the upstream location. Immediately downstream of
Route 1, the river’s banks consist of vertical sheet piling encrusted with marine life. Further
downstream, woody vegetation is present to the edge of the bank.

Upstream of the bridge, the river banks consist of vertical eroded earthen banks approximately
1.3 m in height. Immediately adjacent to the bridge, the tops of the banks are cleared, but further
upstream woody vegetation occurs to the edge of the banks. Photos 11-1 and 11-2 illustrate the
views downstream and upstream from the bridge, respectively.

Due to turbid conditions in September 2009, no in-water observations of marine life or benthic
substrate were conducted. In January 2010, snorkel surveys were performed within the river. The
benthic substrate consisted of silty sand with some isolated rocks. No submerged aquatic
vegetation was observed within the study area. Marbled eel (Anguilla marmorata) and rock
flagtail (Kuhlia rupestris) were the only fish observed within the river. Both species are native to
Guam.

In 2008, a Biological and Habitat Assessment of the Atantano River conducted by GDAWR

indicated that the river has the largest and best developed mangrove swamp on Guam (GDAWR,
2008). The report also acknowledged that the river experiences perturbations from adjacent
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shipping, docking, and oil refinery facilities. The assessment also indicated that a variety of fish
and invertebrate species utilize the river as habitat. A list of these species are the following:

Photo 11-1 Looking downstream from Route 1 at the Atantano River.

Photo 11-2 Looking upstream form Route 1 at the Atantano River.
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« Fish — Native species include: Common Glass Fish (Ambassis buruensis), Dusky Sleeper
(Eleotris fusca), Rock Flagtail (Kuhlia rupestris), snappers (Family Lutjanidae), Silver
Moony (Monodactylus argenteus), Bluespot mullet (Moolgarda seheli), Bandfin mullet
goby (Mugilogobius cavifrons), mudskipper (Periophthalmus argentilineatus), Bigmouth
Goby (Redigobius bikolanus), gobies (Stenogobius sp.), Feathered River-garfish
(Zenarchopterus dispar). Introduced species include: Mosquitofish (Gambusia affinis)
and Guppy (Poecilia reticulata.

« Invertebrates. Native species include: Ninja Shrimp (Caridina serratirostris), Shrimp
(Caridina sp.), Tahitian Prawn (Macrobrachium lar), Snail (Neritina squamipicta), and
Thiara granifera. Invasive species included leeches, Class Clitellata.

During the course of the natural resource survey, no avifauna were observed. Also, no chance
observations of herptofauna or mammals were observed either during the survey.
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11.2 Aquada River

The Aquada River crossing of Route 1 is located approximately 3.1 km north of the Atantano
River. The areas adjacent to the banks are largely undeveloped. The crossing is approximately 0.2
km upstream of the river’s confluence with Apra Harbor.

At the Route 1 crossing, the Aquada River is 9.2 m wide and 3.4 m deep at the upstream location
and 9.1 m wide and 3.2 m deep at the downstream location. Approximately 15 m upstream of the
bridge, the river narrows to less than 1 m wide and less than 0.3 m deep. During the time of the
investigation the stream had an imperceptible flow and was choked with vegetation due to a
downstream logjam that had backed up the flow. Photos 11-3 and 11-4 illustrate the views
downstream and upstream from the bridge, respectively.

Upstream of the bridge a forested area dominates the landscape (Photo 11-5). Within the forest,
numerous drainage channels were observed. The channels were mostly dry during the
investigation but evidence of hydrology (e.g., sediment staining of vegetation, drift lines, and
water-stained leaves) indicated that these channels do convey surface water to the Aquada River
during wetter periods of the year.

Downstream of the bridge, the river pools and is approximately 9 m wide and 15 m long; the pool
then empties into a swiftly-flowing stream that is less than 1 m wide. On the southern bank of the
pool, a strip of hydrophytic vegetation is present. Downstream of the pool, the river is swift-
flowing, clear, with a rocky bottom. This portion of the river flows through a forested area
dominated by palms and bamboo (Photo 11-6). The forested area has a hummaocky surface.

Due to turbid conditions in September 2009, no in-water observations of marine life or benthic
substrate were conducted. In January 2010, it was determined that damming of the water by logs
had caused stagnant conditions. Due to safety concerns, no snorkel surveys were performed.
From the bank, flagtail fish were observed swimming in the river. Upstream and downstream of
the bridge, in the portions of the river that are narrower and with increased flows, native species
such as gobies (Awaous sp., Stenogobius sp., and Sicyopus sp.) likely utilize the river as habitat.

In 2008, a Biological and Habitat Assessment of the Aquada River was conducted by GDAWR
(GDAWR, 2008). The assessment indicated that a variety of fish and invertebrate species utilize
the river as habitat. A list of these species are the following:

« Fish —species include: Giant Marbled Eel (Anguilla marmorata) and Goby (Sicyopus
spp.);

« Invertebrates. Native species include: Green Lace Shrimp (Atyoida pilipes), shrimp
(Caridina sp.), Malaysian Trumpet Snail (Melanoides tuberculata), snail (Neritina
pettiti), Mayfly larvae, Dragonfly Larvae, and Pyralid caterpillars.

During the course of the natural resource survey, no avifauna were observed. Also, no chance
observations of herptofauna or mammals were observed either during the survey.
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Photo 11-3 Looking downstream from Route 1 at the Aquada River.

Photo 11-4 Looking upstream from Route 1 at the Aquada River. Note the high water and
waterbody choked with vegetation.

93



Natural Resources Survey Report
December 23, 2010

Photo 11-5 Looking further upstream from Route 1. During the time of the investigation (January
2010), the river flowed through a 5-m wide, vegetation-choked stream bed. The river
was approximately 0.3 m foot wide and 0.2 m deep.

Photo 11-6 Looking further down stream at the wetland area south of the bridge. The wetland is
dominated by palms and bamboo. The river (see photo) is narrow and swift flowing.
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11.3 Sasa River

The Sasa River crossing of Route 1 is located approximately 1.6 km north of the Lagaus River.
The land areas adjacent to the banks are largely undeveloped. The crossing is approximately 0.7
km upstream of the river’s confluence with Apra Harbor.

At the Route 1 crossing, the Sasa River is 7.4 m wide and 0.1 m deep at the upstream location and
5.6 m wide and 0.45 m deep at the downstream location. Approximately 5 m upstream of the
bridge a logjam measuring some 20 m long was observed. Further upstream from the logjam, the
river continues to be broad and shallow, with a flat, sandy-gravel bottom with numerous gravel
bars. During the time of the investigations, the river’s flow was estimated at 0.22 meters per
second (mps).

Downstream of the bridge, the river is shallow, with a flat sandy bottom with gravel and cobbles.
Approximately 25 m downstream, a logjam occurred. The river’s banks are earthen, 1.2 m high,
and vertical. Photos 11-7 and 11-8 illustrate the views upstream and downstream from the bridge,
respectively.

Upstream and downstream of the bridge forested areas occur. Downstream of the bridge within
the study area, the vegetation is low and denser, whereas upstream of the bridge large bamboo
stands line the river banks (Photo 11-9). No submerged aquatic vegetation was observed in the
study area, although some filamentous green algae were observed on rocks immediately
downstream of the bridge.

No fish were observed during the surveys. However, the riverine habitat is similar to other rivers
on the islands that support fish species such as Guam goby (Awaous guamensis), rock flagtail
(Kuhlia rupestris), other gobies (Sicyopterus and Stiphodon sp.), and marbled eel (Anguilla
marmorata).

In 2008, a Biological and Habitat Assessment of the Sasa River conducted by GDAWR indicated
that the river does incur impacts from adjacent shipping, docking, and oil refinery facilities
(GDAWR, 2008). The assessment also indicated that a variety of fish species utilize the river as
habitat. A list of these species are the following:

« Fish — Native species include: Engel’s mullet (Moolgarda engeli), Bandfin Mullet Goby
(Mugilogobius cavifrons), Mudskipper (Periophthalmus argentilineatus), Feathered
River-garfish (Zenarchopterus dispar). Invasive species included the Mozambique tilapia
(Oreochromis mossambicus).

During the course of the natural resource survey, no avifauna were observed. Also, no chance
observations of herptofauna or mammals were observed either during the survey.
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Photo 11-7 Looking upstream from Route 1 at the Sasa River.

Photo 11-8 Looking downstream from Route 1 at the Sasa River.
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Photo 11-9 Looking upstream at the Sasa River. Here the stream is shallow and swift flowing
with coarse-grained sediments comprising the river bed. Note the near vertical banks
and large bamboo stands that line the river.

11.4 Asan River

The Asan River is located 0.6 km east of Asan Point. Upstream, residential and commercial
developments occur along the river banks. Downstream, the banks are managed as the river flows
through a national park. The crossing is approximately 100 m upstream of the river’s confluence
with Asan Bay.

The Asan River is 13.8 m wide and up to 1 m deep at the upstream location and 14.1 m wide and
up to 1 m deep at the downstream location. Upstream of the bridge, wing walls occur along the
banks. The land areas adjacent to the banks are developed with residential and commercial
properties. The river is tidally influenced, with a flat, sandy bottom.

Downstream of the bridge, the river is tidally influenced and shallow, with a flat, sandy bottom.
During periods of higher tides, wave action occurs within the river south of the bridge. Species
that inhabit this area include flagtails, eels, snapper, puffer, and goat fish. Photos 11-10 and 11-11
illustrate the views downstream and upstream from the bridge, respectively. Land areas adjacent
to the banks downstream of the bridge are mowed lawns comprising the National Park.

In 2008, a Biological and Habitat Assessment of the Asan River conducted by GDAWR indicated
that the river is channelized and heavily developed (GDAWR, 2008). The assessment also
indicated that a variety of fish and invertebrate species utilize the river as habitat. A list of these
species are the following:

« Fish — Native species include: Giant Marbled Eel (Anguilla marmorata), Dusky Sleeper

(Eleotris fusca), Rock Flagtail (Kuhlia leucisus), River Gobies (Stiphodon spp.).
Introduced species included the Mozambique Tilapia (Oreochromis mossambicus).
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« Invertebrates. Native species include: Ninja Shrimp (Caridina serratirostris), Shrimp
(Caridina sp.), Tahitian Prawn (Macrobrachium lar), Snail (Neritina pulligera), Snail
(Neritina variegata), (Septaria porcellana), and (Thiara granifera).

Upstream of the bridge, no fish species were observed. Downstream of the bridge, observed
species included species common to shallow, coastal flats, such as wrasses (Family Labridae),
Guam goby, eels, pufferfish (Family Tetraodontidae), acute-jawed mullet (Neomyxus leucisus),
and damselfish (Family Pomacentridae). In addition, in January 2010, small crabs (Decapods)
were observed in shallow-water areas along the banks.

During the course of the natural resource survey, no avifauna were observed. Also, no chance
observations of herptofauna or mammals were observed either during the survey.
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Photo 11-10 Looking downstream from Route 1 at the Asan River. Note the river's confluence
with Asan Bay and the Philippine Sea in the distance.

Photo 11-11 Looking upstream from the Route 1 at the Asan River. Note the outfalls and
engineered banks.
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11.5 Agana River

The Agana River is located approximately 2.2 km east of the Fonte River. The Agana River’s
banks are occupied by commercial and recreational properties associated with the City of
Hagatna. The crossing is approximately 100 m upstream of the river’s confluence with Agana
Bay.

At the Route 1 crossing, the Agana River is 10.6 m wide and up to 0.7 m deep at the upstream
location and 10.7 m wide and up to 0.4 m deep at the downstream location. Upstream of the
bridge, the river has a swift flow and a flat, sandy bottom with boulders. The banks are vertical
concrete walls with outfall pipes. Photos 11-12 and 11-13 depict the upstream and downstream
habitats, respectively.

Downstream of the bridge, the river has a swift flow with a flat, sandy bottom with boulders. The
banks are vertical concrete walls with outfall pipes. Species identified included the Guam goby,
damselfish, snapper, flagtail, angelfish, yellow lip emperor (Lethrinus xanthochilus), diamond-
scale mullet (Liza vaigiensis), acute-jawed mullet (Neomyxus leucisus), and keeltail needlefish
(Platybelone argalus).

In 2009, a Biological and Habitat Assessment of the Agana River conducted by GDAWR
indicated that the river is heavily channelized and developed (GDAWR, 2008). The assessment
also indicated that a variety of fish and invertebrate species utilize the river as habitat. A list of
these species are the following:

« Fish — Native species include: Indonesian Shortfin Eel (Anguilla bicolor (Giant Marbled
Eel (Anguilla marmorata) Guam Goby (Awaous guamensis) Dusky Sleeper (Eleotris
fusca) Yellow Tail Mullet (Ellechelon, Rock Flagtail (Kuhlia leucisus) False mullet
Neomyxus leucisus) river gobies (Stiphodon spp.) Feathered River-garfish
(Zenarchopterus dispar. Introduced species include: Walking Catfish (Clarias batrachus)
Common Carp (Cyprinus carpio) Mosquitofish (Gambusia affinis) Mozambique Tilapia
(Oreochromis mossambicus) Guppy (Poecilia reticulata) and Tilapia (Tilapia zillii).

« Invertebrates. Native species include: Tahitian Prawn (Macrobrachium lar).

During the course of the natural resource survey, no avifauna were observed. Also, no chance
observations of herptofauna or mammals were observed either during the survey.
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Photo 11-12 Looking downstream for Route 1 at the Agana River. Here too, note the close
proximity to the ocean.

Photo 11-13 Looking upstream from Route 1 at the Agana River.
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12 Route 15 Lands

The Route 15 Lands are immediately east of Andersen South. The Route 15 Lands comprise the
plateau area and the Sasajyan Valley. Figure 12-1 identifies the locations of the ecological
transects. Ecological surveys on the Route 15 Lands included vegetation, avian, and fruit bat
surveys. Also, for the vegetation survey, additional transects and survey locations were utilized.
The location of these transects and other survey locations are presented when discussed in the
respective discipline. Surveys on the Sasajyan Valley transect were not possible because of
access issues.

Two transects were located on top of the cliff line in limestone karst forest. The first started with
native forest which included Guamia mariannae, Aglaia mariannensis, Ficus tinctoria, and
Triphasia trifolia before opening up to a degraded forest with some Leucaena leucocephala,
Chromolaena ordata, and Stachytarpheta cayennensis. The second transect traversed through
similar native forest. The third was situated below the cliff line and consisted mostly of Cocos
nucifera.

12.1 Herpetofauna

A total of six herpetofauna species were captured or observed on the Route 15 Lands. Table 12-1
identifies the species and their status. For more information on the herpetofauna survey and
results, please refer to Appendix B.

Table 12-1

Herpetofauna Captured or Observed on Route 15 Lands

Guild Species Status
SKinks Curious skink (Carlia ailanpalai) Introduced
Pacific blue-tailed skink (Emoia caeruleocauda) Native
Gecko House gecko (Hemidactylus frenatus) Introduced
Snakes Brown treesnake (Boiga irregularis) Introduced
Other Monitor lizard (Varanus indicus) Introduced
Marine toad (Rhinella marinus) Introduced
Amphibians | Greenhouse frog (Eleutherodactylus planirostris) | |ntroduced
Eastern dwarf tree frog (Litoria fallax) Introduced

The continued widespread presence of the brown treesnake and the curious skink, as well as other
introduced amphibian species, is of concern because of each species’ potential deleterious
impacts to Guam’s native fauna (Rodda et al., 1999, Kraus et al., 1999, Wiles et al., 2003, Christy
et al., 2007a). Of particular concern is the potential of these introduced species to serve as
additional food sources for the brown treesnake (Fritts and Rodda, 1998; Christy et al., 2007a).
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12.2 Vegetation

Both guantitative and qualitative vegetation surveys were performed in the Route 15 Lands. The
results of these surveys are provided in Subchapter 12.2.1 and 12.2.2, respectively.

12.2.1 Quantitative Survey
12.2.1.1 Trees

Surveys were performed along three transects in the limestone forest communities of the Route
15 Lands. Transect 1 was located in the northeastern sector of the Route 15 parcel along a north-
south axis; Transect 2 was located to the south along a north-south axis; and Transect 3 was
located along a north-south axis on a plateau below Transect 2.

The quantitative observations from the point-center quarter survey along Transect 1 revealed an
absolute density of approximately 3,148 trees/ha. Native ading (Cycas micronesica) and ifil
(Intsia bijuga), and introduced papaya (Carica papaya) were the most dominant species, with
absolute cover values from 3.73 to 5.33 m”ha. Pengua (Macaranga thompsonii), a species
endemic to the Mariana Islands, was the next most dominant species, with an absolute cover of
3.08 m?/ha. The relative density was highest for paipai (Guamia mariannae), papaya, and
mapunao (Aglaia mariannensis), with relative densities of approximately 16 percent, 15 percent,
and 14.5 percent, respectively (Chart 12-1). These species also had the highest absolute
frequencies, indicating that they are well-distributed along the transect.

Chart 12-1

Relative Density of Trees Along Transect 1 — Route 15 Lands
(N = native)

(N) Glochidion marianum
(N) Pisonia grandis

(N) Maytenus thompsonii
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(N, Pipturus argenteus

(N) Melanolepis multiglandulosa
(N) Neisosperma oppositifolia
Triphasia trifolia

(N) Premna obtusifolia

(N) Psychotria mariana

(N) Pandanus tectorius

(N) Ixora triantha

(N) Intsia bijuga

(N) Macaranga thompsonii
(N) Cycas micronesica

(N) Morinda citrifolia

(N) Aglaia mariannensis
Carica papaya

(N) Guamia mariannae
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Transect 2 had an absolute density of 4,566 trees per ha. This was the highest overall density
among the three transects in the Route 15 project area. On this transect, the native a’abang
(Eugenia reinwardtiana) was dominant, with an absolute cover of 8.19 m%ha and an absolute
density of 1,321 trees/ha. A’abang was also well-dispersed, and had the highest frequency (57.69)
among the 12 species on the transect (Chart 12-2). Pengua had an even higher absolute cover
(5.13 m? per ha) than in Transect 1, although absolute density was lower, at 131.73 trees/ha. The
relative density of trees was highest for a’abang, at nearly 30 percent, followed by paipai
(Guamia mariannae) and kafu (Pandanus tectorius), at 20 percent and 13 percent, respectively.
Fadang (Cycas micronesica) had a lower absolute density (131.73 trees/ha), absolute cover
(218.61 cm?), and absolute frequency (7.69) than in Transect 1.

Chart 12-2

Relative Density of Trees Along Transect 2 — Route 15 Lands
(N = native)
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Transect 3, on the lower plateau, was closest to sea level of the three transects in the Route 15
Lands, but was further inland from the halophytic/xerophytic plant community along the coast.
The absolute density was approximately 3,183 trees/ha (Chart 12-3). As in Transect 2, a’abang
was a dominant component, with the highest absolute density (938 trees/ha).

12.2.1.2 Seedlings

The mean woody seedling density was calculated for the three transects at Route 15. Native
seedlings exceeded mean density of 6 seedlings per m? compared with a mean density of
approximately 1 seedling per m® for non-native species. Native seedlings outranked introduced
seedlings in every transect, especially in Transect 1. The numbers of non-native seedlings were
nearly equivalent to those of native seedlings along Transect 3, which can be attributed to the
presence of naturalized introductions such as Triphasia trifolia, pickle tree (Averrhoa bilimbi),
and custard apple (Annona reticulata), and some cultivated species, such as sweetsop (Annona
squamosa) and citrus trees.
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Chart 12-3

Relative Density of Trees Along Transect 3 — Route 15 Lands
(N = native)
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12.2.1.3 Habitat Quality

Certain aspects of the plant communities may provide a general indication of the quality of the
habitat at the Route 15 study area. These include ungulate activity, the presence of erosion, the
percentage of native plant species, and overall species richness. Species richness curves for
Transects 1 and 3 indicate higher richness for these areas than for Transect 2 in the GEDCA
parcel south of Lot 7161-R1.

Leaf and vegetative litter had the highest frequency (8.7) among the four categories of ground
cover quantified on the three transects. Live vegetation (3.9), rock (2.3), and soil (1.0) had
significantly lower frequencies. Limestone rock outcrops were prevalent along all three transects
as a natural feature of the terrain.

Ungulate activity along all three transects was highest in the form of soil disturbance (0.4), such

as rooting or wallows. Rubbing and signs of browsing had similar frequencies, each approaching
0.2, while other signs, such as scat, were least observed, with a frequency of around 0.1.
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12.2.2 Qualitative Survey

A general pedestrian survey was conducted by two biologists on the Route 15 Lands. The survey
involved walking along informal transects to document the plant community and record any
notable species. The central portion of the parcel is a flat open expanse with a network of jeep
trails through a weed/grassland community. The grassland is dominated by foxtail (Pennisetum
polystachion) about 1 m high interspersed with assorted herbs such as horseweed (Conyza
canadensis), buttonmint (Hyptis capitata) and ferns (Nephrolepis hirsutula). Scattered shrubs,
such as lada (Morinda citrifolia) and aplokating (Psychotria mariana), also dot the landscape.
Prior to clearing, the vegetation in the area most likely resembled the remnant limestone forest
communities in this eastern sector of the island.

The grassland abruptly transitions into a thick stand of native pago (Hibiscus tiliaceus) trees
towards the eastern sector. Naturalized species, such as lantana (Lantana camara), lemon China
(Triphasia trifolia), and tangantangan (Leucaena leucocephala), are common within the stand.
The composition is indicative of a mixed-shrub community, a sub-type of Fosberg’s (1960) weed
community. Species typical of a limestone forest occur sporadically in the stand. These include
fagot (Neisosperma oppositifolia) and fadang (Cycas circinalis). The invasive scarlet gourd vine
(Coccinia grandis) drapes the pago branches, forming a tangled mass that obstructs passage. The
understory, however, shows heavy disturbance by feral ungulates. Extensive rooting, rubbing,
ripped and shredded tree trunks, and pig trails were observed. Further towards the eastern cliff
line, the terrain becomes treacherous, as karst topography dominates the area. Limestone forest
species also gradually dominate the composition of the plant community, which resembles the
mixed moist forest described by Fosberg (1960). Succulent herbs, such as Lapportea ruderalis,
and ground orchids, such as Nervilia aragoana and Zeuxine fritzii, are found on the limestone
outcrops. The forest floor and outcrops are covered in a mossy layer. For more information
regarding the qualitative survey, refer to Appendix D.

12.2.3 Threatened and Endangered Species and Species of Concern

12.2.3.1 Threatened and Endangered Species

A previous survey identified 22 ufa-halomtano (Heritiera longipetiolata) trees, with 184
associated seedlings (Duenas and Associates, Inc., 2000). This species is endemic to the Mariana
Islands and is listed as endangered by the Government of Guam, which considers ungulate
damage, typhoons, and infrequent flowering as major threats to the viability of the population
(Department of Agriculture, 2006). Other threats appear to be present, since several of the trees in
Lot 7161-R1 were infested with termites or ants, or were parasitized by other plants, such as
strangling fig (Ficus spp.) (Duenas and Associates, Inc., 2000). Several trees were left intact
within a designated conservation area at the Guam Raceway Park as a required condition of the
Department of Agriculture. No Ufa-halomtano trees were observed on the transects; a single
specimen was found near Transect 2 in the adjacent parcel. The tree was mostly dead, except for
a 7-cm-diameter branch near the base. The main trunk had a dbh of 37 cm.
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12.2.3.2 Species of Concern and Notable Species
The following species of concern were identified within the Route 15 Lands:

e Cycas micronesica, which is considered an SOGCN by the Government of Guam
(Department of Agriculture, 2006). The island-wide populations are threatened by an
introduced scale insect, Aulocapsis yasumatsui.

« Elatostema calcareum (Urticaceae) and Procris pedunculata (Urticaceae), which are
indigenous succulent herbs that grow in limited habitats over limestone rock outcrops in
moist limestone forest. These plants serve as host species for the Mariana Eight Spot
butterfly (Hypolimnas octocula), which is listed as a species of concern by the USFWS.
One butterfly was found along Transect 2 in the GEDCA parcel. Other species were
noted, although they are not managed or protected by either the local or federal
governments.

e Zehneria (Melothria) guamensis (Cucurbitaceae), which is a rare endemic vine. The
species was found in one small area of Lot No. 7161-R1.

12.3 Butterfly Surveys

After the sighting of the Mariana Eight Spot butterfly on the Route 15 Lands during the
vegetation surveys an in-depth survey was performed by two NAVFAC biologists. The survey
report is provided in Appendix E.

The survey identified two areas that contained both host plants and Mariana Eight Spot butterflies
on the Route 15 Lands and one location along the Pagat Trail (Figure 12-2). No butterflies of any
species were observed in the bait pans. The survey results indicate that there is at least one
population of the Mariana Eight Spot butterfly in the area. In addition, there are two areas that
contain many of both host plant species, and which appear to be sustaining the butterfly
population.

12.4 Avian Surveys

Forest bird surveys were conducted during the mornings. No avifauna were observed on the
Route 15 Lands as part of the forest bird surveys. However, as part of the fruit bat survey, a
survey was performed for endangered avian species, specifically the Mariana swiftlet. During the
surveys, no endangered Mariana swiftlets were recorded. However, avian species that were
identified in flight or vocalizing within habitat associated with the station count locations are
shown in Table 12-2. No of the observed species are listed as threatened or endangered.
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Table 12-2

Avian Species Detected during Mariana Fruit Bat Station Count Surveys in the
Lumuna/Asdonlucas/Pagat Region, 6 - 22 October 2009.

Avian Species Status on Guam
Black francolin (Francolinus francolinus) Introduced resident, breeding
Yellow bittern (Ixobrychus sinensis) Native resident, breeding
Pacific reef heron (Egretta sacra) Native resident, breeding
Pacific golden-plover (Pluvialis fulva) Migratory or wintering species, non-breeding
White tern (Gygis alba) Native resident, breeding
Island collared-dove (Streptopelia bitorquata) | Introduced resident, breeding
Note: Status and nomenclature follow Wiles, 2005.

12.5 Fruit Bat Surveys

Surveys for the Mariana fruit bat, locally known as fanihi, (Pteropus mariannus mariannus) were
carried out in October 2009 in the Lumuna/Asdonlucas/Pagat region (adjacent to Route 15). The
fruit bat survey report is provided in Appendix I.

Throughout the 20" century, the fruit bat population on Guam steadily declined. Illegal hunting
appears to be the key reason for the fruit bat’s dramatic decline on Guam, while habitat
destruction and predation by introduced brown treesnakes (Boiga irregularis) may also be
contributing factors (Wiles et al., 1989, Wiles et al., 1995, Morton and Wiles, 2002, Brooke,
2008).

The Mariana fruit bat was reclassified as a federally threatened species by the USFWS in 2005.
The Government of Guam included the fanihi in the GCWCS as an SOGCN (GDAWR, 2006).

12.5.1 Survey Locations

Three survey locations (count stations) were situated on the east side of Route 15 in the northeast
region of Guam, stretching from the Lumuna region through the Asdonlucas area south to Pagat
Point (Figure 12-1).

The three locations were as follows:

e Location 1 - This count station was situated along the cliff line overlooking a forested
basin below and mixed forest above.

o Location 2 - Count Station 2 was located along the cliff line and provided an
unobstructed view of a forested basin below, as well as mixed forest above.
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o Location 3 - Count Station 3 was situated along the cliff line and afforded a clear view
of a forested basin below, and mixed forest and a cleared region above.

12.5.2 Results
Fruit Bat Observations

Between October 6 and October 22, 2009, 12 station count surveys were completed at three
locations (Table 12-3). No Mariana fruit bats were observed during any of the surveys.

The survey method utilized during this project relies on observing fruit bats in low light and
daytime conditions. Any fruit bats that were using the area prior to or after the survey period
would not have been detected. No fruit bats were observed during the 12 station count surveys.
However, the survey area is suitable for the Mariana fruit bat to roost and forage because it is
situated away from dense human habitation and includes several known Mariana fruit bat
roosting and food tree species. The survey area is also close (within about 12.1 km) to the last
remaining colonial roost location of fruit bats known on Guam. Therefore, it is possibile that fruit
bats use the area for roosting and/or foraging as well as flight paths.

Table 12-3

Mariana Fruit Bat Station Count Results in the Lumuna/Asdonlucas/Pagat Region

Survey Survgy S.tart Stop Time Number of Bats
Date Location Time Observed
October 6, 2009 1 0545 h 0745 h 0
October 6, 2009 2 0545 h 0745 h 0
October 13, 2009 2 0525 h 0740 h 0
October 13, 2009 3 0530 h 0740 h 0
October 14, 2009 3 0515 h 0745 h 0
October 14, 2009 1 0530 h 0740 h 0
October 20, 2009 2 0510 h 0740 h 0
October 20, 2009 1 0520 h 0740 h 0
October 21,2009 3 0510 h 0740 h 0
October 21, 2009 2 0520 h 0740 h 0
October 22, 2009 1 0520 h 0740 h 0
October 22, 2009 3 0520 h 0740 h 0
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At the time of the survey, there was loud noise associated with construction and rock-blasting
activities on the property adjacent to survey location 3. The associated noise and possibility of
hunting may prevent Mariana fruit bats from establishing permanent roosts in the area.

It is worth recognizing that three native, breeding resident avian species and one migratory avian
species were detected flying above habitat associated with the survey area.

12.6 Tree Snail Surveys

Tree Snail surveys were conducted on transects located on the Route 15 parcels. In their report
Barry Smith and Richard Randall (2010) state that no endangered tree snails were observed at any
transect surveyed. However, one dead ground shell of Partula gibba was found on Transect 2 and
one on Transect 3. The tree snail survey report is provided in Appendix H.

12.7 Threatened and Endangered Species

No threatened or endangered avifauna, herpetofauna, or tree snail species were identified on the
Route 15 parcels. Several Ufa-halomtano (Heritiera longipetiolata) trees were left intact within a
designated conservation area at the Guam Raceway Park as a required condition of the
Department of Agriculture. No Ufa-halomtano trees were observed on the transects; a single
specimen was found near Transect 2 in the adjacent GEDCA parcel.

The Mariana Eight Spot butterfly (Photo 12-1) was sighted on the Route 15 parcel (Figure 12-2).
As indicated in section 12.3, host plants for the butterfly do occur on the parcel.

Photo 12-1 Mariana Eight-Spot Butterfly
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13 Former FAA Parcel

On the former FAA parcel, natural resource surveys performed included herpetofauna,
vegetation, and avian surveys. Figure 13-1 shows the locations of the three natural resource
survey transects.

FAA parcel transects were situated in a degraded forest of white lead tree (Leucaena
leucocephala), Coconut palm (Cocos nucifera), and Sea hibiscus (Hibiscus tiliaceus).

13.1 Herpetofauna

Four herpetofauna species were captured or observed on the former FAA parcel. Table 13-1
identifies the species and their status. For more information on the herpetofauna survey and
results, please refer to Appendix B.

Table 13-1

Herpetofauna Captured or Observed on the Former FAA Parcel

Guild Species Status
Skink Curious skink (Carlia ailanpalai) Introduced
inks
Pacific blue-tailed skink (Emoia caeruleocauda) Native
. Greenhouse frog (Eleutherodactylus planirostris) Introduced
Amphibians - - -
Marine toad (Rhinella marinus) Introduced

The continued widespread presence of the curious skink, as well as other introduced amphibian
species, is of concern because of each species’ potential deleterious impacts to Guam’s native
fauna (Rodda et al., 1999, Kraus et al., 1999, Wiles et al., 2003, Christy et al., 2007a). Of
particular concern is the potential for these introduced species to serve as additional food sources
for the brown treesnake (Fritts and Rodda, 1998, Christy et al., 2007a).

13.2 Vegetation

Quantitative surveys were performed using the point-center quarter method along three transects
in the former FAA parcel. Transect 1 was located along a north-south axis in the eastern sector
and Transects 2 and 3 were located along a northwest-southeast axis in the central-southern
sector. The full vegetation survey report is provided in Appendix D.

13.2.1 Trees

Overall tree density among the three transects was lowest in the eastern sector (Transect 1), with
1,798 trees/ha and a total absolute cover of 25.85 m%ha. Pago (Hibiscus tiliaceus) was dominant,
with the highest density (687.44 trees/ha) and absolute frequency (58.82), but this native species
had a modest absolute cover of 2.03 m“ha. Pago occurred as a mid-canopy species and
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comprised approximately 38 percent of the relative density among the 11 tree species
encountered on Transect 1 (Chart 13-1). Native species had a much higher relative density
(approximately 84 percent) than introduced species (approximately 16 percent). Aside from pago,
kafu (Pandanus tectorius), lada (Morinda citrifolia) and Vitex parviflora had relative densities
greater than 10 percent. Kafu and lada are native mid-canopy species; non-native Vitex occupied
the upper canopy. Yoga (Eleocarpus joga), a native emergent canopy species, had the highest
total basal area (4,126 sq cm) and absolute cover (10.91 m*ha), although only one specimen was
encountered. Eleocarpus was not encountered along the other transects.

Chart 13-1
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Transect 2 in the central-southern sector had the highest density among the transects, with
2,856.98 trees/ha and a total absolute cover of 24.86 m?/ha. Both pago and kafu prevailed over
other species with densities of 546.19 trees/ha and absolute frequencies of 47.06. These species,
and paipai (Guamia mariannae) and fagot (Neisosperma oppositifolia), had relative densities
exceeding 10 percent (Chart 13-2). Overall, native species had a higher relative density (about 82
percent) than introduced species (about 18 percent), which was similar to the proportion observed
in the eastern sector along Transect 1. Two species, paipai and mapunao (Aglaia mariannensis),
are endemic to the Mariana Islands.

Coconut (Cocos nucifera) was dominant overall in absolute cover (12.75 m?ha), followed by
kafu, fagot and ifil (Intsia bijuga). Vitex parviflora was less dominant than in Transect 1 in
density (126 trees/ha) and absolute cover (0.93 m?/ha). The mean basal area of Vitex parviflora
(73.91cm?) was also the lowest observed among the transects.
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Chart 13-2

Relative Density of Trees Along Transect 2 — FAA Parcel
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Transect 3 had an overall tree density of 1,868.79 trees/ha and a total absolute cover of 41.24
m?/ha. The overall absolute cover was the highest among the three transects. Pago was
consistently dominant among the transects, with the highest individual density (632.09 trees/ha)
on Transect 3, and a relative density of about 33 percent (Chart 13-3). Pago also had the highest
frequency among the seven species on Transect 3. Collectively, native species had a relative
density of about 62 percent, which was the lowest proportion of native species among the three
transects. Coconut comprised the bulk of absolute cover (20.52 m%ha) on Transect 3; both
density (357 trees/ha) and absolute cover were higher than in Transect 2. Vitex parviflora had the
next- highest absolute cover, and was as equally well-distributed along the transect as coconut,
with an absolute frequency of 41.18.

13.2.2 Seedlings

The mean woody seedling density was significantly higher for native species (2.7 seedlings/m?)
than for non-native species (0.3 seedlings/m?). The proportion of native to introduced seedlings
was similar for Transects 1 and 2, and slightly lower for Transect 3. The seedling density reflects
the higher native component observed in the relative tree densities along the transects.
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Chart 13-3

Relative Density of Trees Along Transect 3— FAA Parcel
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13.2.3 Habitat Quality

Certain aspects of the plant communities may provide a general indication of the quality of the
habitat in the former FAA parcel. These include ungulate activity, the presence of erosion, the
percentage of native plant species, and overall species richness. Species richness curves indicate
that the highest tree species richness among the transects was along Transect 2, while Transect 3
had the lowest richness.

Leaf and vegetative litter comprised the highest mean frequency (5.6) among the four ground
cover categories in the survey. Live vegetation had a similar frequency (5.0), while the limestone
substrate and rocky terrain were reflected in the moderate frequency for rock (3.8). The lowest
mean frequency was for bare soil (1.6).

Ungulate activity was encountered most frequently as soil disturbance, such as pig wallows and
rooting. The mean frequency for soil disturbance appeared to be significantly higher than for
rubbing and browsing on vegetation. Other signs of ungulate activity, such as scat, were not
observed on the transects.

13.3 Avian Surveys
On the former FAA parcel, the forest bird survey was conducted in the mornings Table 13-2

identifies the species observed as part of the surveys. The nomenclature follows Gill et al. 2008.
For more information on the avifauna survey and results, refer to Appendix G.
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Table 13-2

Species Identified during the Forest Bird Survey — Former FAA Parcel

Number of Species and N isEs Al
SUEY T Stations Number of Detections Of. Numbgr of
Species Detections
Forest Bird 6 Island Collared Dove* 1 7

Notes: * the Island Collard Dove’s resident status is identified as “Common introduced resident —
breeding” Residence status obtained from Reichel, J. D. and P. O. Glass, 1991, Checklist of the
birds of the Mariana Islands. ‘Elepaio, 51(1): 3-10.

13.4 Tree Snail Surveys

Tree snail surveys were conducted along transects on the former FAA site. In their report Barry
Smith and Richard Randall (2010) state that no endangered tree snails were observed at any
transect. The tree snail survey report is provided in Appendix H.

13.5 Threatened and Endangered Species

No threatened or endangered avifauna, fruit bat, herpetofauna, tree snail, or vegetation species
were identified on the former FAA Parcel.
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APPENDIX A
A SPECIES DESCRIPTIONS

During the course of the natural resources surveys on Guam, numerous species were observed.
The text below provides descriptions of avifauna, butterfly, and herpetofauna species.

Al Herpetofauna

A variety of herpetofauna were captured or observed during the herpetofauna surveys.
Descriptions of each species are provided below. The species are listed in alphabetical order by
scientific names; when available, the local Chamorro name is also provided.

A.1.1 Skinks

Curious skink, Carlia fusca, (Chamorro name: guali’ek halom tano’) — The curious skink was
initially introduced to Saipan in the 1960s, and then to Guam around 1968 (Rodda and Dean-
Bradley, 2006). It is a brown terrestrial lizard, common and ubiquitous in all habitats on Guam
(Vogt and Williams, 2004). Curious skinks grow to 70 mm in body length and lack a fifth toe on
the front feet (USGS, 2005a; Zug 2004). This species feeds on insects and small lizards (Vogt and
Williams, 2004) and is prey for the Boiga irregularis on Guam (Fritts and Rodda, 1998).

Pacific blue-tailed skink, Emoia caeruleocauda (Chamorro Name: guali’ek halom tano’) — The
Pacific blue-tailed skink is indigenous to the Mariana Islands, and on Guam can be found in all
habitats (Vogt and Williams, 2004). It is mostly observed on the ground, but will climb shrubs
and trees (Wiles et al., 1990). Juveniles have three stripes on their back and a bright blue tail, but
as they grow the tail fades to brown (Wiles et al., 1990). Adult males tend to lose their stripes, but
females will often retain theirs (Wiles et al., 1990). Pacific blue-tailed skinks are insectivorous
and grow to 55 mm snout to vent (Vogt and Williams, 2004).

Moth skink, Lipinia noctua (Chamorro name: guali’ek halom tano’) — Moth skinks are
widespread across the western Pacific, although Guam is the only Mariana Island on which the
species occurs. Two individuals were observed on Rota, but species status on the island is
unknown (Rodda et al., 1991). Moth skinks are not common but can still be found in native
forests in central Guam. As of the early 1990s, the species was known from Hilaan Point, Haputo
Beach, and Acae Point along Guam’s northwest coast (GDAWR, 2006). Moth skinks are one of
the only diurnal, primarily arboreal species in the region (Rodda et al., 1991). The moth skink is a
Guam-listed endangered species.

Al.2 Geckos

Mutilating gecko, Gehyra mutilata (Chamorro name: guali’ek) — The mutilating gecko is an
insectivorous, tan/gray gecko with dark spots and thin skin that is easily sloughed or damaged
(Vogt and Williams, 2004;, USGS, 2005a). The 64-mm-long mutilating gecko can be found in
most natural habitats on Guam, in addition to the sides of houses and other structures (USGS,
2005a). It is also found on most islands in the Mariana archipelago (Vogt and Williams, 2004).
There is uncertainty whether the mutilating gecko is native to Guam (e.g., USGS, 2005a and Vogt
and Williams, 2004); for the purpose of this report, Gehyra mutilata is assumed to be native.

House gecko, Hemidactylus frenatus (Chamorro name: guali’ek) — The house gecko is very
common on Guam in urban (Wiles et al., 1990) and natural habitats (Rodda and Dean-Bradley,
2006). This brown stripy gecko has a characteristic spiked tail and can grow to 60 mm body

1



Natural Resources Survey Report
December 23, 2010

length (Vogt and Williams, 2004). House geckos feed primarily on insects, and are found on most
islands in the Mariana archipelago (Vogt and Williams, 2004).

Mourning gecko, Lepidodactylus lugubrus, (Chamorro name: guali’ek) — The mourning gecko is
a small insectivorous gecko found throughout Guam and most of the Mariana Islands (Vogt and
Williams, 2004). It is observed in all habitats and quite often on houses (Wiles et al., 1990). The
mourning gecko is light gray or tan with dorsal chevron banding (Vogt and Williams, 2004). The
species is relatively small, attaining an average body length of 50 mm (Vogt and Williams, 2004).
At night, these geckos can regularly be heard chirping to one another. Apart from Nactus
pelagicus, L. lugubrus is the only other native reptile in the Mariana that is parthenogenic (USGS,
2005a).

Pacific Slender-toed Gecko, Nactus pelagicus (Chamorro name: guali’ek) - Unlike other geckos
on Guam, Pacific slender-toed geckos are primarily ground-dwelling, and are mainly observed in
rocky areas (Wiles et al., 1990). Captures of the Pacific slender-toed gecko have been rare since
1945. The decline of this species is possibly a result of the introduction of the brown treesnake
(Boiga irregularis) and the musk shrew (Suncus murinus) (USGS, 2005a). The species is listed as
endangered on Guam. Recent sightings have occurred in restricted areas in the northern limestone
forests of Guam (Rodda, unpublished data). Rota and Tinian are known to support Pacific
slender-toed geckos (USGS, 2005a).

Al1.3 Snakes

Brown Tree Snake, Boiga irregularis (Chamorro name: kolepbla) — The brown treesnake can
reach 3 m long, but on Guam averages around 1 m (Rodda et al., 1999). This snake inhabits all
ecosystems; smaller snakes are usually observed in trees, larger ones on the ground (Rodda et al.,
1999). The brown treesnake was introduced to Guam in the late 1940s, possibly on military cargo
(Savidge, 1987). These snakes are directly responsible for the extirpation of numerous species of
birds, and for the diminishing numbers of native lizards on the island (Savidge, 1987; Wiles et al.,
2003). They feed on birds, small mammals, and lizards (Savidge, 1987). Brown treesnakes are
native to northern Australia, Indonesia, the Solomon Islands, and New Guinea (Rodda et al.,
1999).

Blind snake, Ramphotyphlops braminus — The blind snake reaches only 15 mm in length, is black
in color, and often is confused with earthworms (Vogt and Williams, 2004). Blind snakes are
parthenogenic (Vogt and Williams, 2004) and burrow in the dirt (fossorial), feeding on termites
and ants (USGS, 2005b).

Al.4 Monitor Lizard

Monitor Lizard, Varanus indicus (Chamorro name: hilitai) — The presence of the monitor lizard in
forested habitat on Guam is common, although it is possible that its abundance has declined in the
last two decades. This decline may be a combined result of the introduction of the brown
treesnake, which is capable of eating eggs and small juveniles, and of the poisonous marine toad,
Bufo marianus (Rhinella marianus) (USGS, 2005). The monitor lizard is also found in numerous
other locations, including Palau, New Guinea, the Caroline Islands, the Marshall Islands, the
Solomon Islands, northern Australia, and throughout the Mariana Islands (Vogt and Williams,
2004).

Al.5 Frogs and Toads
Greenhouse frog, Eleutherodactylus planirostris — This species is nocturnal, but will readily
move during rainy weather (Krauss et al., 1999).



Natural Resources Survey Report
December 23, 2010

Crab-eating frog, Fejervarya cancrivora — This species was accidentally introduced to Guam via
an aquaculture shipment from the Philippines in 2002 (Christy et al., 2007b).

Eastern dwarf tree frog, Litoria fallax — A species native to Australia, it was introduced to Guam
in 1968 (Christy et al., 2007a).

Hong Kong whipping frog, Polypedates megacephalus — This is an introduced species.
Marine toad, Bufo marianus (Rhinella marinus) — This species of toad has inhabited the island
for the longest period of time, and is the only amphibian on Guam to be poisonous to animals that

try to consume it (Vogt and Williams, 2004).

Gunther’s Amoy frog, Sylvirana guentheri —This species was also introduced via the aquaculture
trade from China, possibly as early as 2001 (Christy et al., 2007b).

A2 Tree Snails
A variety of tree snails were captured or observed during the surveys. Descriptions of each
species are provided below. The species are listed in alphabetical order by scientific names.

Fat Guam Partula tree snail/Mariana Islands tree snail, Partula gibba - This species has a dark-
colored body. The shell is light to dark brown. The shell’s whorls darken between the apex and
suture. The Mariana Islands tree snail is endemic species to Guam and the northern Mariana
Islands. Currently, the status of this tree snail population is unknown. The Mariana tree snail
prefers cool, shaded forest habitats with high humidity. This species occupies tree branches.

Guam or Pacific tree snail, Partula radiolata. - The Pacific tree snail has a tan to cream colored
body and a shell with light and dark stripes. The snail is endemic to Guam. Currently, the
population’s status is unknown though it was found in the Mount Santa Rosa and Fadian Point.
The Pacific tree snail prefers cool shaded forested areas with high humidity.

Mt. Alifan tree snail, Partula salifana — This species was first found on Guam in the 1920s in the
west-central highlands region of the island.

Fragile tree snail, Samoana fragilis - This species was first discovered in 1820 and was
considered uncommon. Currently, the fragile tree snail population remains uncommon. The
species prefers cool shaded forest habitats with high humidity.

A3  Avifauna

A variety of avifauna were observed during the surveys. Descriptions of each species are
provided below. The species are listed in alphabetical order by scientific names; when available,
the local Chamorro name is also provided.

Micronesian starling, Aplonis opaca — (Chamorro name: sali), live in groups and nest in cavities.
These black birds eat fruits, seeds and insects. Sali used to be found throughout Guam but
predation by the kulepbla (brown treesnake) has restricted them primarily to Cocos Island,
Andersen Air Force Base, parts of Agana, and certain coastal areas in the south (GDAWR, 2010).
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Common Pigeon, Columba livia — sometimes referred to as Rock Dove, are common species to
Guam and other continents.

Black Drongo, Dicrurus macrocercus — a native to Taiwan, this species was first introduced to
Rota (CNMI) by the Japanese South Seas Development Company in 1935 in order to control
destructive insects (Baker 1951). Since Rota lies approximately 50 km north of Guam, it is
believed that the drongo either flew on its own accord or possibly was purposely introduced to
Guam as the species first appeared in Northern Guam in the early 1960s (Engbring and Ramsey,
1984).

Black francolin, Francolinus francolinus - This species is a common introduced resident that has
an established breeding population. A native to Southern Asia, this species was introduced as a
game bird to Guam in 1961 (USFWS, 1984).

Grey-tailed tattler, Heteroscelus brevipes — The Grey-tailed Tattler is a medium-sized wader, with
long wings and tail. Grey-tailed Tattlers breed in Siberia and on passage are seen along the East
Asian-Australasian Flyway (the migration route to Australia). When non-breeding they are found
in China, Philippines, Taiwan, Vietnam, Malay Peninsula, Indonesia, New Guinea, Micronesia,
Fiji, New Zealand and Australia.

Whimbrel, Numenius phaeopus — Whimbrels are large shorebirds with long, curved bills. They
are smaller in size than the similar-looking Long-billed Curlew, and their bills are shorter.
Whimbrels nest in the tundra, not far from the tree line, in a variety of open habitats from wet
lowlands to dry uplands. During migration, they use wetlands, dry, short grasslands, farmland
(especially plowed fields), and rocky shores.

Eurasian tree sparrow, Passer montanus — an Old World native, was introduced to Guam from
1945-1960 and is commonly found in the urban areas (Engbring and Ramsey, 1984).

Pacific Golden Plover, Pluvalis fulva — This species is a common non-breeding visitor to Guam.
The Pacific Golden Plover breeds on the Arctic tundra in western Alaska. It winters in South
America and islands of the Pacific Ocean to India, Indonesia and Australia. In Australia it is
widespread along the coastline. The species is found on muddy, rocky and sandy wetlands,
shores, paddocks, saltmarsh, coastal golf courses, estuaries and lagoons (Birds in Backyards,
2010).

Island Collared Dove, Streptopelia bitorquata — a common introduced resident that has an
established breeding population. A native to the Philippines, Borneo and surrounding islands, this
species was believed to have been introduced by the Spanish perhaps as long as 200 years ago.
(Engbring and Ramsey, 1984).

A4 Butterflies
A list of the species and a brief description of each species is provided below. The descriptions of
the species are based on Schreiner and Nafus (1997). The species are listed in alphabetical order
by scientific names.

Lemon migrant, Catopsilia Pomona — The species is found in the Mariana and Palau islands. The
larvae feed on various species of the Shower tree, Cassia sp. The species is often found in moist
open areas and engages in migratory flights.
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Monarch, Danaus plexippus — This species’ range includes the Americas, Australia and numerous
Pacific Islands, including the Mariana Islands. In Micronesia, the species feeds on Milkweed,
Asclepias curassavica and Crown flower (Caltropis gigantean). The species is a known migrant,
capable of flying thousands of miles.

Blue-banded King Crow, Euploea Eunice — This species’ range extends from India to Micronesia.
The larvae feed on Ficus, Ficus sp., edible figs, and oleander. They are often sighted hanging on
aerial roots of fig trees, other vegetation, or structures.

Blue Moon, Hypolimnas bolina — This species ranges from Madagascar to New Zealand, and is
considered the most widely distributed butterfly in the world. The species is recorded as taking
migratory flights from Australia to New Zealand.

Common Evening brown, Melanitis leda — In the Pacific, the evening brown butterfly occurs
within the Mariana Islands and Caroline Island Chains. On Guam, the species has been found on
corn, Guinea grass, and Napier grasses. The larvae also feed on grasses.

Common Mormon, Paplio polytes — This species is found throughout southeast Asia, the
Philippines, Palau, Yap, and the Mariana Islands, although it is thought to be a recent arrival in
the Mariana. Common Mormons are attracted to salt and frequently observed near puddles. They
are also attracted to citrus trees found within the flowering plant tree family, Rutaceae.
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1.0 INTRODUCTION

Herpetological surveys were carried out as part of an extensive effort to locate,
identify, and assess the distribution and abundance of Guam’s herpetofauna on
Department of Defense (DoD) and private lands. Survey methods were designed to
target important or rare reptiles, excluding sea or turtles. Although survey methods
did not target non-native reptiles or amphibians, their presence was recorded when
observed. This report provides data on the presence of herpetofauna in various
habitats throughout the survey locations.

1.1 Species Description, Distribution, and Status

The 23 known terrestrial herpetofauna (excluding turtles) on Guam can be divided
into three main groups: lizards (including skinks, geckos, and monitor lizards),
snakes, and amphibians (Table 1).

Skinks are small, smooth-skinned lizards with scales. Most are diurnal (active during
the day), but can be observed at night when disturbed. Although these quick-moving
species are often observed on the ground, they can climb trees if necessary. Some
species lay eggs (ovipary) while others give birth to live young (vivipary).

Geckos are lizards with specialized toe pads, which enable them to climb almost any
surface type. They are normally nocturnal (active at night), and can be heard
eliciting chirping noises to one another.

Monitor lizards are larger-bodied than most skinks and geckos with powerful and
well-developed limbs.

Amphibians are smooth-skinned vertebrates that include frogs, toads, salamanders,
and caecilians. They typically undergo an aquatic and terrestrial stage during their
life cycle. All amphibian species on Guam are non-native.

Native terrestrial herpetofauna on Guam were historically composed of skinks and
geckos. Due to the island’s isolated location, its native vertebrate fauna were limited
to those that can either fly, such as birds and bats, or those capable of surviving long
ocean journeys on floating vegetation. On Guam, native and endemic species are
those that established prior to human settlement or without human assistance. Of
the 11 native reptile species, only six are known to be currently present on Guam.
The Pacific blue-tailed skink (Emoia caeruleocauda) and the mourning gecko
(Lepidodactylus lugubris) are common. Mutilating gecko (Gehyra mutilata) is
uncommon in many areas but locally common in others. The moth skink (Lipinia
noctua), tide-pool skink (Emoia atrocostata), and Pacific slender-toed gecko (Nactus
pelagicus) are rare and currently known only from restricted localities.
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Table 1: Terrestrial reptile and amphibian species (excluding turtles) known to occur on Guam. “Status” denotes general
distribution and abundance of each species. “Listing” refers to whether or not the species is locally listed, the level of listing, or
whether it is non-native. The Guam Comprehensive Wildlife Conservation Strategy (GCWCS) identifies Species of Greatest
Conservation Need (SOGCN) and Endangered as species of highest conservation value (GDAWR 2006). Species considered
extinct are not included as SOGCN. Except for sea turtles, there are currently no reptile or amphibian species listed as federally
endangered or threatened on Guam.

Common Name Scientific Name Chamorro Name Status Listing

Guam Listed Species

Snake-eyed skink Cryptoblepharis poecilopleurus Guali’ek Halom Tano’ Unknown SOGCN, Endangered
Azure-tailed skink Emoia cyanura Guali’ek Halom Tano’ Unknown SOGCN, Endangered
Slevin’s skink Emoia slevini Guali’ek Halom Tano’ Unknown SOGCN, Endangered
Moth skink Lipinia noctua Guali’ek Halom Tano’ Locally restricted SOGCN, Endangered
Micronesian gecko Perochirus ateles Guali’ek Unknown SOGCN, Endangered
Tide-pool skink Emoia atrocostata Guali’ek Kantun Tasi Rare Endangered

Oceanic gecko Gehyra oceanica Achiak Unknown Endangered

Pacific slender-toed gecko Nactus pelagicus Guali’ek Locally restricted Endangered

Native

Pacific blue-tailed skink Emoia caeruleocauda Guali’ek Halom Tano’ Common Not listed

Mutilating gecko Gehyra mutilata Guali’ek Locally Common Not listed

Mourning gecko Lepidodactylus lugubris Guali’ek Common Not listed
Non-native

Brown treesnake Boiga irregularis Kolepbla Common Recent Introduction
Brahminy blind snake Ramphotyphlops braminus Ulo’ Attilong Common Prehistoric Introduction
Monitor lizard Varanus indicus Hilitai Locally abundant Prehistoric Introduction
Curious skink Carlia ailanpalai Guali’ek Halom Tano’ Common Recent Introduction
House gecko Hemidactylus frenatus Guali’ek Common Recent Introduction
Green anole Anolis carolinensis Guali’ek Locally common Recent Introduction
Marine toad Rhinella(formally Bufo) marinus Common Recent Introduction

Greenhouse frog
Crab-eating frog

Eastern dwarf tree frog
Gunther’s Amoy frog
Hong Kong whipping frog

Eleutherodactylus planirostris
Fejervarya cancrivora

Litoria fallax

Sylvirana guentheri
Polypedates megacephalus

Locally common
Locally common
Locally common
Locally common
Locally common

Recent Introduction
Recent Introduction
Recent Introduction
Recent Introduction
Recent Introduction
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1.1.1 Federally Listed Species

Except for sea turtles, there are currently no reptile or amphibian species listed as
federally endangered or threatened on Guam.

1.1.2 Guam Listed Species

Eight species of lizard are listed as Guam endangered species, either because they
are rare with reduced populations, or have been potentially extirpated (USGS 2005).
Of these, five are identified in the Guam Comprehensive Wildlife Conservation
Strategy (GCWCS) as Species of Greatest Conservation Need (SOGCN). Species
considered extinct are not included as SOGCN.

1.1.2.1 Snake-eyed Skink

Scientific name: Cryptoblepharis poecilopleurus
Chamorro name: Guali’ek Halom Tano’

Status: Unknown

Guam listing: SOGCN, Endangered

The snake-eyed skink (also known as oceanic snake-eyed skink) has a body length
of approximately 1.7 in (45 mm) and is usually found in coastal areas on rocks and
shrubs (Vogt and Williams 2004). The eyelids are clear and fused, giving the
appearance of being constantly open (USGS 2005). Overall coloration is tan to dark
brown with light-colored spots on the sides (Vogt and Williams 2004). Three golden
stripes on the back fuse to form two stripes on the tail, the middle stripe is of a more
intense copper color than the bronze dorsolateral stripes (USGS 2005).

The last recorded snake-eyed skink on Guam was in 1969 (USGS 2005). However,
four specimens were found on the small off-shore islet of Fofos (near Merizo) in the
mid 1990s (Perry et al. 1998). This find may suggest a continued presence on Guam.
The status of the snake-eyed skink on Guam is unknown but the species is still
known to occur on Cocos, Saipan, Tinian, Rota, and most of the smaller northern
Mariana Islands (USGS 2005).

1.1.2.2 Azure-tailed Skink

Scientific name: Emoia cyanura
Chamorro name: Guali’ek Halom Tano’
Status: Unknown

Guam listing: SOGCN, Endangered

The azure-tailed skink is endemic to Guam. The identification of this species can
easily be confused with the Pacific blue-tailed skink (Emoia caeruleocauda).
However, where they exist together, azure-tailed skinks are found on the forest edge
and Pacific blue-tailed skinks are found in the forest interior (USGS 2005). The
species reportedly specializes in hot, dry, open areas, particularly near the coast
(McCoy 1980).
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Historically, azure-tailed skinks occurred in southern Guam around the Geus River.
Currently, the skink is thought to still occur on Cocos, but its status remains
unknown (GDAWR 2006).

1.1.2.3 Slevin’s Skink

Scientific name: Emoia slevini
Chamorro name: Guali’ek Halom Tano’
Status: Unknown

Guam listing: SOGCN, Endangered

The Slevin’s (or Mariana) skink can reach up to 3 in (75 mm) in body length. It is
usually brown or tan in color with white dorsal markings. The posterior two-thirds of
the body can be bright orange (USGS 2005). Slevin’s skinks are generally found on
forest floors, tree trunks, and in old fields.

Slevin’s skink was historically found throughout the island. However, it has not been
observed on Guam since 1945. The species was known to occur on Cocos until the
early 1990s; no recent sightings have been recorded in recent years. Populations of
this species can still be found on the island of Sarigan, Guguan, Alamagan, Pagan,
and Asuncion (GDAWR 2006).

1.1.2.4 Moth Skink

Scientific name: Lipinia noctua
Chamorro name: Guali’ek Halom Tano’
Status: Locally restricted

Guam listing: SOGCN, Endangered

Moth skinks reach around 2.1 in (55 mm) in body length and are usually brown to
tan with a characteristic yellow spot on the head. This spot may be contiguous with a
light-colored stripe on the dorsal surface and light spots on the flanks. The lips are
marked with black and white bands and the belly is orange to yellow. Moth skinks
are often found in low limbs and tree trunks. To escape predators, the skink is
capable of breaking off its toes and tail (USGS 2005). The species is viviparous,
which is not known in any other lizard species found in the Marianas (Vogt and
Williams 2004). Moth skinks are one of the only diurnal, primarily arboreal species in
the region (Rodda et al. 1991).

Although moth skinks are widespread across the western Pacific, Guam is the only
island in the Marianas on which the species occurs. Two individuals were observed on
Rota but species status on the island is unknown (Rodda et al. 1991). Moth skinks
are not common but can still be found in native forests in central Guam. As of the
early 1990s, the species was known from Hilaan Point, Haputo Beach, and Acae Point
along Guam'’s northwest coast (GDAWR 2006).
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1.1.2.5 Micronesian Gecko
Scientific name: Perochirus ateles
Chamorro name: Guali’ek

Status: Unknown

Guam listing: SOGCN, Endangered

The Micronesian gecko is large, reaching an average body length of 3.5 in (90 mm).
Body coloration is usually brown to green with small black spots on the ventral
surface. Defining physical attributes include a flattened, spiny tail and a reduced fifth
toe (Vogt and Williams 2004). Similar to the oceanic gecko, the Micronesian gecko is
closely associated with undisturbed habitat, primarily native limestone forest.
However, a number of geckos have been found in untended coconut groves (Sabath
1981).

In 1969, the Micronesian gecko was considered common on Guam. However, the last
specimen was collected in 1978. The current status is unknown. Other than Guam,
the Micronesian gecko has been reported from Cocos, Tinian, Rota, and Saipan,
where its status is also unknown (Rodda 2003).

1.1.2.6 Tide-pool Skink

Scientific name: Emoia atrocostata
Chamorro name: Guali’ek Kantun Tasi
Status: Rare

Guam listing: Endangered

Indigenous to the Mariana Islands, the tide-pool skink (also known as littoral skink)
is found in coastal areas on rocks and shrubs, but is rarely seen. It has a mix of
black and tan coloring, and grows to 3.3 in (85 mm) in body length. The species is
tolerant of salt water and will use the ocean to move around and escape predators
(Vogt and Williams 2004).

There have been reported sightings of tide-pool skinks on Guam in the vicinity of
Inarajan Pools as recently as 2007 (Reed et al. 2007). A survey of the islets
surrounding Guam conducted in the mid 1990s detected nine specimens on Agrigan
Islet near Merizo, and Anae Islet near Agat (Perry et al. 1998).

1.1.2.7 Oceanic Gecko

Scientific name: Gehyra oceanica
Chamorro name: Achiak

Status: Unknown

Guam listing: Endangered

The oceanic gecko has light coloring, usually gray, tan, or dark brown, often with a
white-spotted dorsal surface. It is the largest terrestrial lizard in the Marianas,
reaching up to 4 in (100 mm) in body length. This species prefers poorly lit surfaces
and is often most abundant in trees, vegetation, and stony outcrops. As a result,
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oceanic geckos are associated with undisturbed habitat and may be less tolerant of
urbanization than other gecko species occurring in the Marianas (Sabath 1981).

For the purpose of this report, the oceanic gecko is considered native although some
authors argue the species is a recent arrival (Vogt and Williams 2004, Rodda
unpublished data). Oceanic geckos still occur on the islands of Cocos, Rota, Tinian,
Saipan, Guguan, Alamagan, and Asuncion where they appear common. The species
has not been sighted on Guam in over a decade. The last verified observation was
made on the University of Guam Campus in Mangilao (Rodda unpublished data).

1.1.2.8 Pacific Slender-toed Gecko
Scientific name: Nactus pelagicus
Chamorro name: Guali’ek

Status: Locally restricted

Guam listing: Endangered

The Pacific slender-toed gecko is gray, with dark bands and small bumps on its back
and tail. A distinguishing feature of the species is its straight non-adhesive toes,
which are thin compared to the large toe pads of other geckos (USGS 2005). Unlike
other geckos on Guam, Pacific slender-toed geckos are primarily ground dwelling,
mainly observed in rocky areas (Wiles et al. 1990). At night, the gecko can be found
foraging on the ground and rocky substrates. This species is comprised only of
females, and utilizes an asexual form of reproduction known as parthenogenesis
(USGS 2005) whereby development of embryos occurs without fertilization by a
male.

Captures of the Pacific slender-toed gecko have been rare since 1945. The decline of
this species is possibly a result of the introduction of the brown treesnake (Boiga
irregularis) and the musk shrew (Suncus murinus) (USGS 2005). Recent sightings
have occurred in restricted areas in the northern limestone forests of Guam (Rodda
unpublished data). Additionally, four specimens were found on the small southern
off-shore islet Anae (near Agat) between 1994 and 1997 (Perry et al. 1998). Rota
and Tinian are known to support Pacific slender-toed geckos (USGS 2005).

1.1.3 Species Native to Guam But Not Listed

1.1.3.1 Pacific Blue-tailed Skink
Scientific name: Emoia caeruleocauda
Chamorro name: Guali’ek Halom Tano’
Status: Common

Guam listing: Not listed

Juvenile Pacific blue-tailed skinks have three dorsal stripes and a bright blue tail. As
they mature, the tail fades to brown. Adult males tend to lose their stripes, but
females often retain them. Pacific blue-tailed skinks can grow to 2.1 in (55 mm) in
body length (Vogt and Williams 2004).
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On Guam, the Pacific blue-tailed skink can be found in all habitats throughout the
island (Vogt and Williams 2004). They have been observed primarily on the ground,
but will readily climb shrubs and trees (Wiles et al. 1990).

1.1.3.2 Mutilating Gecko
Scientific name: Gehyra mutilata
Chamorro name: Guali’ek
Status: Locally common

Guam listing: Not listed

The mutilating gecko is tan or gray with dark spots and a slightly flattened tail. The
species has thin skin that is easily sloughed or damaged (Vogt and Williams 2004,
USGS 2005). Body length averages about 1.6 in (42 mm).

The mutilating gecko is found in a variety of habitats, both forested and man-made.
Its distribution on Guam is not fully known although it is considered patchy. The
gecko is uncommon in some areas and locally abundant in others. Specimens have
been collected from several offshore islets (Perry et al. 1998). The mutilating gecko
is also known to occur on the islands of Cocos, Rota, Tinian, Saipan, Sarigan,
Guguan, Alamagan, Pagan, and Agrihan (USGS 2005).

1.1.3.3 Mourning Gecko

Scientific name: Lepidodactylus lugubris
Chamorro name: Guali’ek

Status: Common

Guam listing: Not listed

The mourning gecko is light gray or tan with black bars on its back forming a
chevron pattern. While primarily nocturnal, activity can also occur during the day in
shaded locations (USGS 2005). At night, these geckos will vocalize and can regularly
be heard chirping to one another. Mourning geckos are relatively small, attaining an
average body length of 2 in (50 mm) (Vogt and Williams 2004). Reproduction in this
species can occur via parthenogenesis (USGS 2005).

This species of gecko occurs throughout Guam in virtually all habitats. Other islands
in the Marianas where the mourning gecko is present are Cocos, Rota, Tinian,
Saipan, Alamagan, Agrihan, and Ascuncion (Vogt and Williams 2004).

1.1.4 Non-native Species

Although non-native species were not specifically targeted during this survey,
captures or sightings of key species were documented whenever they occurred.
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1.1.4.1 Brown Treesnake

Scientific name: Boiga irregularis

Chamorro name: Kolepbla

Status: Common

The brown treesnake on Guam averages around 3 ft (1 m), but can reach 9 ft (3 m)
in length (Rodda et al. 1999). The snake was introduced to Guam in the late 1940s
possibly on military cargo from the Admiralty Islands (Rodda et al. 1992). This snake
is implicated in the extirpation of numerous species of birds and for diminishing
numbers of native lizards on the island (Savidge 1987, Wiles et al. 2003). The brown
treesnake is a generalist predator that will feed on birds, small mammals, and lizards
(Savidge 1987).

The brown treesnake can be found in all habitats throughout Guam (Rodda et al.
1999).

1.1.4.2 Brahminy Blind Snake

Scientific name: Ramphotyphlops braminus
Chamorro name: Ulo’ Attilong

Status: Common

The brahminy blind snake is inconspicuous and often confused with earthworms.
Body size for this species reaches only 0.6 in (15 mm) in length, with a coloration
that is solid black (Vogt and Williams 2004). The snake is an all female species that
reproduces by means of parthenogenesis. Blind snakes are fossorial and feed on
termites and ants (USGS 2005). This species is regarded as a prehistoric introduction
but its mode of arrival to Guam is unknown. However, the species is known to be
accidentally transported in flower pots (Vogt and Williams 2004).

The brahminy blind snake can be found in all habitats throughout Guam. Records of
this species also exist from Rota, Tinian, Saipan, Anatahan, Sarigan, Alamagan,
Pagan, and Agrihan, though it has potentially been established on all the Mariana
Islands (Vogt and Williams 2004).

1.1.4.3 Monitor Lizard

Scientific name: Varanus indicus
Chamorro name: Hilitai

Status: Locally abundant

The monitor lizard on Guam is dark brown to black with yellow flecks. Body size can
reach up to 4.9 ft (1.5 m). Monitor lizards are diurnal scavengers that feed on almost
anything including insects, other species of lizards, small mammals, birds, eggs,
crabs, and carrion (Dryden 1965). The establishment of the monitor lizard on Guam
is thought to be prehistoric, coinciding with the arrival of ancient human inhabitants.

Presence of the monitor in forested habitat on Guam is common, although it is
possible that its abundance has declined in the last two decades. This decline may be
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a combined result of the introduction of the brown treesnake, which is capable of
eating eggs and small juveniles, and the introduction of the poisonous marine toad
(USGS 2005). The monitor lizard is also found in humerous other locations, including
Palau, New Guinea, Caroline Islands, Marshall Islands, Solomon Islands, northern
Australia, and throughout the Mariana Islands (Vogt and Williams 2004).

1.1.4.4 Curious Skink

Scientific name: Carlia ailanpalai
Chamorro name: Guali’ek Halom Tano’
Status: Common

The curious skink was accidentally introduced to Guam and nearby Micronesian
islands through the post-WWII transport of military supplies (Zug 2004). The first
recorded specimen of the curious skink on Guam occurred in 1968. Native to the
New Guinea region and Palau (Vogt and Williams 2004), the skink is a brown,
terrestrial lizard that can be distinguished from other skinks by the lack of a fifth toe
on the front feet (Zug 2004). Curious skinks grow to 2.8 in (70 mm) in body length.
This species is primarily insectivorous but is known to feed on other small lizards
(USGS 2005).

By the early 1990s, the curious skink was the most abundant skink on Guam and
found in all habitats (McCoid 1993). It has been reported to be common in open and
disturbed areas (Vogt and Williams 2004). The curious skink is also known to occur
on the islands of Cocos, Saipan, and Tinian (USGS 2005).

1.1.4.5 House Gecko

Scientific name: Hemidactylus frenatus
Chamorro name: Guali’ek

Status: Common

The house gecko is very common in all habitats on Guam, particularly urban areas
on buildings and fences and in natural habitats on branches and tree trunks (Rodda
and Dean-Bradley 2006). Body color can vary from a light tan to dark brown with
occasional dorsally-located stripes. Body length can reach 2.4 in (60 mm). A defining
physical characteristic of this species is the spiked tail (Vogt and Williams 2004). The
behavior of the house gecko is thought to possibly affect that of the mourning gecko
(Vogt and Williams 2004).

No introduction date is known for this species, though implications of its presence
exist prior to 1906 (Van Denburgh 1917 as referenced in McCoid 1993). McCoid
(1993) described the house gecko as the most abundant gekkonid on Guam.
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1.1.4.6 Green Anole

Scientific name: Anolis carolinensis
Chamorro name: Guali’ek

Status: Locally common

The green anole is usually bright green, but can change to brown depending on the
surrounding environment (USGS 2005). Growing to 2.8 in (75 mm), males are
generally larger than females. The males of this species also have a throat pouch
(dewlap) that is used to display during courting behavior or when disputes over
territory arise (Vogt and Williams 2004). Green anoles are diurnal and primarily feed
on insects and spiders (Vogt and Williams 2004).

The introduction of the green anole to Guam was intentional, occurring in the mid-
1950s as a means for insect control (Eldredge 1988). Its distribution on Guam has
become locally common in urban areas, while populations have declined in forest
habitat (Rodda et al. 1991). This habitat bias may be a result of predation by the
brown treesnake (Rodda et al. 1999). Introductions of the green anole have also
occurred on Rota, Saipan, and Tinian (Vogt and Williams 2004).

1.1.5 Amphibians

Guam has no native amphibian species. However, via accidental and intentional
introductions, 13 species have found their way to Guam. Of these, eight are recorded
as present, five of which are known to have established populations on the island
(Government of Guam 1940, Christy et al. 2007b, Christy et al. 2007a). Species
most likely to be encountered during surveys include the following:

Marine toad (Rhinella marinus [formally Bufo]) — Intentional introduction in 1937
Greenhouse frog (Eleutherodactylus planirostris) — Accidental introduction in 2003
Crab-eating frog (Fejervarya cancrivora) - Accidental introduction in 2002

Eastern dwarf tree frog (Litoria fallax) — Unknown introduction pathway in 1968
Gunther’'s Amoy frog (Sylvirana guentheri) - Accidental introduction around 2001
Hong Kong whipping frog (Polypedates megacephalus)
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2.0 METHODS

2.1 Survey Locations

Herpetofauna surveys were undertaken at 11 locations on DoD and privately-owned
lands on Guam (Table 2). Transects were set up within various habitat types to
increase the possibility of detecting target species. General habitat descriptions of
each survey location and corresponding transects are discussed below.

2.1.1 Andersen Air Force Base (7 transects)

Habitat type varied among transects from degraded forest (dominant species
Wikstroemia elliptica, Morinda citrifolia and Hibiscus tiliaceus) to native limestone
forest (predominately Guamia mariannae, Aglaia mariannensis, Premna obtusifolia,
Neisosperma oppositifolia, and Pandanus tectorius).

2.1.2 North Finegayan (9 transects)

All nine transects were located in secondary forest, dominated by Pandanus
tectorius, Guamia mariannae, Vitex sp., and Hibiscus tiliaceus.

Table 2: Herpetofauna surveys were carried out at 11 locations on DoD and private
lands on Guam. Each site was designated a site-specific code. The number of
transects and total length of transects varied between sites. Sites are ordered from
north to south on the island.

Number of Total Transect

Site Site Code Transects Length (m)
Andersen Air Force Base AAFB 7 2115
North Finegayan NFIN 9 1720
South Finegayan SFIN 2 150
Federal Aviation Administration FAA 3 460
Andersen South ANDS 7 1165
Route 15 RT15 3 1300
NCTS Barrigada NBAR 3 555
Cabras CABR 1 500
Orote Point OROT 4 460
Naval Munitions Site NMS 11 3830
Access Road — Option A ACRD 3 400

2.1.3 South Finegayan (2 transects)

Both transects at this location consisted primarily of Hibiscus tiliaceus and Leucaena
leucocephala. Bare ground was also common on each transect.
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2.1.4 Federal Aviation Administration Parcel (3 transects)

FAA parcel transects were situated in degraded forest of Leucaena leucocephala,
Cocos nucifera, and Hibiscus tiliaceus.

2.1.5 Andersen South (7 transects)

Four of the seven transects were located in forest where Guamia mariannae, Aglaia
mariannensis, Neisosperma oppositifolia, and Premna obtusifolia were dominant. Two
were in degraded Leucaena leucocephala-dominated forest and one in non-forest,
grassy habitat that traversed pavements.

2.1.6 Route 15 (3 transects)

Two transects were located on top of the cliff line in limestone karst forest. The first
started with native forest including Guamia mariannae, Aglaia mariannensis, Ficus
tinctoria, Triphasia trifolia before opening up to a degraded forest with some
Leucaena leucocephala, Chromolaena odorata, and Stachytarpheta sp. The second
transect also traversed through similar native forest. The third was situated below
the cliff line and consisted mostly of Cocos nucifera. Surveying of herpetofauna on
the “Route 15 valley transect” was not possible because of access issues.

2.1.7 NCTS Barrigada (3 transects)

Transects were set in forested habitats where Hibiscus tiliaceus, Leucaena
leucocephala, Guamia mariannae, and Aglaia mariannensis were common.

2.1.8 Cabras (1 transect)

The single transect was located in wetland. Hibiscus tiliaceus, Spathodea
campanulata, and Flagellaria indica were common throughout.

2.1.9 Orote Point (4 transects)

Guamia mariannae, Aglaia mariannensis, Ficus tinctoria, Triphasia trifolia, and
Pandanus tectorius dominated three of the four transects. The fourth, below Spanish
Steps towards the beach, was almost entirely Cocos nucifera.

2.1.10 Naval Munitions Site (11 transects)

Ten of the eleven transects were situated almost entirely in native forest consisting
of Premna obtusifolia, Aglaia mariannensis, and Guamia mariannae. Some transects
passed over streams and swampy ground where Cocos nucifera, Pandanus tectorius,
and Hibiscus tiliaceus were dominant. One transect was dominated by Miscanthus
floridulus.
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2.1.11 Access Road Option A at Mt. Jumullong (3 transect)

This site consisted of three transects in forest, situated along-side the trail leading to
the top of Mt. Jumullong. Two transects were in degraded forest of Leucaena
leucocephala, Hibiscus tiliaceus, and Flagellaria indica. The third, at highest
elevation, was primarily native forest. Pandanus tectorious and Aglaia mariannensis
were common at this location.

2.2 Herpetological Surveys

Herpetological surveys were performed by up to three herpetologists at each
transect. Surveys were conducted nocturnally (targeting geckos) and diurnally
(targeting skinks) on each transect to increase the possibility of encountering as
many species as possible within each habitat. Reptiles and amphibians were
documented by capture using glue board traps (traps) and/or visual surveys.
Capturing individuals was valuable for identification of fast moving, cryptic or
morphologically similar species. Visual surveys were intended to detect species that
might not be trapped.

2.2.1 Trap Surveys

Day surveys commenced between 0730 and 0830, and night surveys between 1730
and 1830. If rain was present or imminent, trapping was delayed until the threat of
rain ceased. On each transect, two non-scented Catchmaster™ mouse and insect
glue board traps (henceforth referred to as traps) were set at 50 ft (15 m) intervals,
one on the ground and one in a nearby tree. If no tree was available within 15 ft (5
m), only ground traps were used at that location. All traps were set in a shaded area
approximately 3 ft (1 m) adjacent to the transect.

Tree traps were nailed to plants with a minimum diameter of 1.5 in (50 mm) at
breast height (dbh), between 3 and 6 ft (1 - 2 m) high. Locations of traps were
numbered and marked with flagging tape. Trap set and removal times were recorded
along with time of each trap check. During the day, traps were generally checked
within two hours (but never more than four hours) from opening. Traps were set for
up to 12 hours overnight. A mortality level below 10 percent was considered
acceptable. If mortality exceeded 10 percent, traps were repositioned or removed.

In order to decrease human disturbance along transects, traps were checked in the
order in which they were set. Along with check time, the species type and number of
individuals found on a trap were recorded. Non-target fauna and a change in weather
conditions were also noted. Each animal was removed and placed into a
correspondingly-numbered plastic bag until the trap was closed to prevent recapture.
Once a trap was checked, it was closed or removed.

Individuals were removed from the traps slowly and carefully to minimize stress and
physical damage. If removal was difficult, a small amount of vegetable oil was
applied to decrease stickiness of the glue. Lizards that escaped but left their tail
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attached to the trap were recorded as a capture. When effectiveness of traps
decreased due to dampness or an accumulation of debris or non target species, its
location was noted and the trap replaced. Trapping was aborted in heavy or
persistent rain and reopened when inclement weather passed. After completion of
trap checks, individuals were released at their capture point.

Species caught by hand were recorded anecdotally.
2.2.2 Visual Surveys

Visual surveys were conducted both during the day and at night. Day searches

commenced between 0800 and 1000 and night surveys between 1830 and 2130. A
typical search speed of 0.2 to 0.4 mi/h was maintained. Any search speed variation
was attributed to the density of the vegetation and abundance of species observed.

When a species was encountered, the information was chronicled on the data sheet.
Species, perch taxon or substrate, and location were recorded. Any unidentified
individual was captured where possible and photographed to aid in identification.
Stop time and weather conditions were recorded at the completion of the visual
surveys. Incidental observations and comments were also recorded.
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3.0 RESULTS

Herpetofauna were surveyed along 53 transects at 11 locations between the 17" of
February 2008 and the 21st of October 2009. Daytime and nighttime trap and visual
surveys were carried out on all transects at all locations except NMS 1, where no
nighttime visual survey was conducted due to safety concerns. Appendix 1 provides
a full list of survey sites with transects and the associated date for each survey type.

Since transect length varied, results are presented as number of individuals or
species recorded per meter (individuals/m or species/m). Amphibians were not
considered a priority species; therefore abundance data are not included except
where specifically noted.

3.1 Overall Results

Data presented in this section represent the combined results of trap and visual
surveys; separate results for these surveys can be found in sections 3.2 and 3.3.

3.1.1 Individual and Species Abundance

A total of 2,900 individuals representing 15 herpetofauna species were recorded
during trap and visual surveys along almost 13,000 meters of transect. The greatest
number of individuals detected per meter was 0.50 (n = 275 individuals) at NBAR
and 0.43 (n = 195 individuals) at OROT (Figure 1).

The highest number of species recorded per meter was 0.03 (n = 5 species) at SFIN
(Figure 2). The location with the greatest number of species recorded was NMS (n =
11 species); however, since the total length of transects surveyed at NMS was high
relative to other locations, the number of species per meter was the lowest recorded
(0.003 species).

The highest number of native herpetofauna individuals recorded per meter was 0.21
(n = 118 individuals) at NBAR. Non-native individuals were most abundant at NBAR
(0.28 individuals/m; n = 156) and OROT (0.28 individuals/m; n = 129) (Figure 3).

SFIN had the highest number of both native (0.013 species/m; n = 2) and non-
native (0.02 species/m; n = 3) species recorded per meter (Figure 4). However, the
locations with the most native herpetofauna species were NFIN (n = 5) and NMS (n
= 5). The ANDS survey location contained the most non-native species (n = 7).
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Figure 1. Number of herpetofauna individuals detected per meter at each survey
location. See Table 2 for site code definitions.
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Figure 2. Number of species recorded per meter at each survey location. See Table 2
for site code definitions.
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*Data does not include amphibian species
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Figure 3. Number of native (blue) and non-native (grey) herpetofauna individuals
recorded per meter at each survey location. See Table 2 for site code definitions.
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Figure 4. Number of native (blue) and non-native (grey) herpetofauna species
recorded per meter at each survey location. See Table 2 for site code definitions.
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3.1.2 Notable Species

Of the 15 herpetofauna species recorded during the surveys, five were native and
ten non-native (Table 3). Two native skinks (moth skink and Pacific blue-tailed
skink) and three native geckos (Pacific slender-toed gecko, mourning gecko, and
mutilating gecko) were either captured or observed. The non-native curious skink
and native Pacific blue-tailed skink were the only species observed and captured at
all 11 survey locations. The house gecko and mutilating gecko were the most
widespread of the geckos in the surveys, recorded at 10 and 8 of the 11 survey
locations, respectively. The invasive brown treesnake was detected at seven survey
locations and the marine toad at nine. An additional four amphibian species were
recorded during the surveys. Gunther’'s Amoy frog, was observed at NMS after
completion of a visual survey and while exiting the site.

Two Guam listed species were detected during the surveys: the moth skink (n = 8
individuals; Figure 5) at AAFB, NFIN, CABR, and NMS (Figure 7), and the Pacific
slender-toed gecko (n = 14 individuals; Figure 6) at NFIN and NMS (Figure 7).
Appendix 2 provides details associated with all moth skink and Pacific slender-toed
gecko captures and observations.
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Table 3. Herpetofauna detected at 11 locations during trap and visual surveys on DoD and privately-owned lands, Guam: 17
February 2008 - 21 October 2009. C = Captured; O = Observed. AAFB = Andersen Air Force Base; ANDS = Andersen South;
NBAR = Barrigada; FAA = Federal Aviation Administration; NMS = Naval Munitions Site; NFIN = North Finegayan; OROT =
Orote; RT15 = Route 15; SFIN = South Finegayan; CABR = Cabras; ACRD = Access Road Option A. The moth skink and Pacific
slender-toed gecko (highlighted in blue) are both Guam listed species.

Status AAFB NFIN SFIN FAA ANDS RT15 NBAR CABR OROT NMS ACRD
Skinks
Snake-eyed skink Native
:iﬁ:r('c blue-tailed Native c,0 co coO CO CO Cc,0 c,0 c,0 co co ¢co
Tide-pool Skink Native
Slevin’s skink Native
Azure-tailed Skink Native
Moth Skink Native C C C C
Curious skink Non-native C,0 C,0 C,0 C,0O C,0 C,0 C,0 C,0 C,0 C,0 C,0
Geckos
Mourning gecko Native O (0] C 0]
Mutilating gecko Native C,0 C,0 C,0 C,0 C C,0 C,0 C,0
Pacific slender-toed
gecko Native ¢.0 c.0
Oceanic gecko Native
Micronesian gecko Native
House gecko Non-native C,0 C,0 0] C,0 C,0 O (@] (0] C,0 (@)
Snakes
Brown treesnake Non-native 0o O o 0] o (0] (0]
Brahminy blind snake Non-native o C
Other
Green anole Non-native
Monitor lizard Non-native O C,0 (0]
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Status AAFB NFIN SFIN FAA ANDS RT15 NBAR CABR OROT NMS ACRD

Amphibians

Marine toad Non-native o C,0 O] O C,0 C,0 C,0 C,0 C,0
Greenhouse frog Non-native O] (0] (0] 0] (0]

Eastern dwarf tree Non-native 0] (o)
Crab-eating frog Non-native (0]
Gunther’s Amoy frog Non-native *

Hong Kong whipping o

frog Non-native

* Gunther’'s Amoy frog observed off the transect following survey completion. Data not included in analysis.
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Figure 5. Moth skink (Lipinia noctua) was recorded at four locations during the
surveys. Photo: SWCA.

Figure 6. Pacific slender-toed gecko (Nactus pelagicus) was recorded at two locations
during the surveys. Photo: SWCA.
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Figure 7. Herpetofauna survey locations where moth skinks (Lipinia noctua) and
Pacific slender-toed geckos (Nactus pelagicus) were recorded during the surveys.
See Table 2 for site code definitions.
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3.2. Trap Surveys

3.2.1 Individual and Species Abundance

Ten species (n = 1,104 individuals) were captured during trap surveys at 11
locations. The highest number of individuals trapped was at AAFB (n = 227),
whereas the most individuals trapped per meter was at SFIN (0.2; n = 31
individuals). Not only did SFIN have the highest number of individuals trapped per
meter, the location also had the greatest number of species trapped per meter
(0.02; n = 3 species). NFIN, ANDS, and NMS yielded the greatest number of species
trapped (n = 7 at each location).

The locations with the most native herpetofauna species trapped were NFIN (n = 4)
and NMS (n = 4). However, the highest number of native species trapped per meter
was 0.013 (n = 2 individuals) at SFIN. The most non-native herpetofauna species
trapped was at ANDS (n = 5), whereas the most non-native species captured per
meter was at SFIN (0.007; n = 1 species).

The non-native curious skink and the native Pacific blue-tailed skink were the most
frequently captured species during the surveys. These two skinks were captured at
all 11 locations in high numbers (n = 539 curious skinks, n = 493 Pacific blue-tailed
skinks). The most commonly trapped geckos were the native mutilating gecko (n =
20, captured at 8 locations) and the non-native house gecko (n = 21, captured at 5
locations).

Although only expected to be detected visually a monitor lizard was also caught by a
glue board trap at ANDS (Figure 8). The individual had escaped between trap checks,
but evidence of capture of foot scales left on the trap was recorded. It appears the

monitor lizard became entangled in the trap attempting to depredate a curious skink.

A list of captured species by site can be found in Table 3.
3.2.2 Notable Species

By far the most important trap captures were those of the moth skink and Pacific
slender-toed gecko. All eight moth skinks were captured on glue board traps at four
sites: AAFB (n = 1), NFIN (n = 1), CABR (n = 1), and NMS (n = 5) (Table 3, Figure
7). In addition, four of the 14 Pacific slender-toed geckos detected during the
surveys were trapped at two sites; NFIN (n = 2) and NMS (n = 2; Figure 7).
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Figure 8. Evidence of a monitor lizard capture on a glue board on ANDS. Top circle shows monitor lizard foot scales. Lower
circle shows the remains of a curious skink that appears to have been depredated by the lizard.
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3.3 Visual Surveys
3.3.1 Individual and Species Abundance

A total of 1,796 herpetofauna individuals, comprising 14 species were observed
during visual surveys at 11 locations (Table 3).

More individuals were observed per meter at NBAR than in any other location (0.39;
n = 217 individuals). The most number of observed species was recorded at NMS (n
= 10); however, the greatest number of observed species per meter was 0.03 (n =
5) at SFIN.

Four native species were observed during visual surveys at NFIN and NMS. However,
the most native species observed per meter was at SFIN (0.013; n = 2 species). Six
non-native species were observed at three locations: AAFB, ANDS, and NMS.
Considering the area surveyed, the most non-native species observed per meter was
at SFIN (0.02; n = 3 species).

3.3.2 Notable Species
The Pacific slender-toed gecko was observed at NFIN (n = 7) and NMS (n = 3).

The non-native curious skink and native Pacific blue-tailed skink were the most
frequently observed species and sighted at all 11 survey locations. The non-native
house gecko was the most commonly observed gecko; 95 individuals were visually
detected at 10 sites. The native mutilating gecko was also frequently observed; 23
individuals were visually detected at seven locations.

Non-native marine toads (n = 9 locations) and greenhouse frogs (n = 5 locations)
were relatively frequently observed. Both species were often observed in large
numbers, particularly following rainfall. At several locations including AAFB and
ANDS, greenhouse frogs were so abundant that numbers of individuals could not be
determined. Other amphibians (eastern dwarf tree frog, crab-eating frog, and Hong
Kong whipping frog) were also observed. A Gunther’'s Amoy frog was observed on
NMS after completion of a visual survey.
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4.0 DISCUSSION

This survey of herpetofauna on Guam’s DoD lands resulted in 16 species (including
Gunther’'s Amoy frog, which was not recorded during the surveys); eleven non-native
species and five native species. The continued widespread presence of the curious
skink, marine toad, and brown treesnake, as well as five frog species recorded
during this survey is distressing. This presence of non-native herpetofauna on Guam
is a concern because of their deleterious impacts to Guam'’s native fauna by
competition, as well as possibly serving as food sources for the brown treesnake
(Christy et al. 2007a, b).

Native skinks and geckos not recorded during this survey include the snake-eyed
skink, Slevin’s skink, azure-tailed skink, tide-pool skink, oceanic gecko, and the
Micronesian gecko. Nevertheless, this does not indicate these species are not present
at any of the 11 localities surveyed. Seasonality (wet or dry season) and habitat type
may have influenced the presence and/or absence of common, rare, and uncommon
species during the surveys.

Capture of five Guam listed moth skinks at NMS, and one capture at AAFB, NFIN,

and CABR are noteworthy. The official status of this native skink on Guam is
unknown due to the variability of information presented by past authors. The number
of moth skinks observed during this survey may have been higher if a nighttime
visual survey was performed along the NMS 1 transect. However, due to safety
concerns, this particular transect was only surveyed during daylight hours.

The Pacific slender-toed gecko is a rarely observed gecko that is listed on as
endangered by the Government of Guam. This study provided additional records of
the species at NFIN and NMS. Their presence at these sites is noteworthy and should
be considered during future planning and development. When potential development
projects arise at any of this study’s 11 survey locations, consideration should be
given to the suitability of the existing native and secondary forest not only for
Guam'’s herpetofauna but other Guam species of concern.
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APPENDIX 1 SURVEY DATES AND LOCATIONS BY TRANSECT

Department of Defense and private lands were surveyed for herpetofauna species at 11 sites
between the dates of the 17" of February 2008 and the 21" of October 2009.

Site Transect Search Type Date
Andersen Air Force Base (AAFB) 1 Day Visual 11-Jun-2008
Night Visual 10-Jun-2008
Day Trap 11-Jun-2008
Night Trap 11-Jun-2008
2 Day Visual 18-Jun-2008
Night Visual 18-Jun-2008
Day Trap 18-Jun-2008
Night Trap 19-Jun-2008
3 Day Visual 18-Jun-2008
Night Visual 18-Jun-2008
Day Trap 18-Jun-2008
Night Trap 19-Jun-2009
4 Day Visual 11-Jun-2008
Night Visual 10-Jun-2008
Day Trap 11-Jun-2008
Night Trap 11-Jun-2008
5 Day Visual 12-Oct-2009
Night Visual 14-Oct-2009
Day Trap 14-Oct-2009
Night Trap 15-Oct-2009
6 Day Visual 1-Oct-2009
Night Visual 14-0Oct-2009
Day Trap 14-Oct-2009
Night Trap 15-Oct-2009
7 Day Visual 12-Oct-2009
Night Visual 14-Oct-2009
Day Trap 14-Oct-2009
Night Trap 15-Oct-2009
North Finegayan (NFIN) 1 Day Visual 5-Mar-08
Night Visual 4-Mar-08
Day Trap 8-Mar-08
Night Trap 5-Mar-08
2 Day Visual 5-Mar-08
Night Visual 4-Mar-08
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Site Transect Search Type Date

North Finegayan (NFIN) cont. Day Trap 8-Mar-08
Night Trap 5-Mar-08

3 Day Visual 9-Mar-08
Night Visual 6-Mar-08

Day Trap 7-Mar-08

Night Trap 7-Mar-08

4 Day Visual 9-Mar-08
Night Visual 6-Mar-08

Day Trap 7-Mar-08

Night Trap 7-Mar-08

5 Day Visual 5-Mar-08
Night Visual 4-Mar-08

Day Trap 8-Mar-08

Night Trap 5-Mar-08

6 Day Visual 13-Mar-08
Night Visual 12-Mar-08

Day Trap 13-Mar-08

Night Trap 13-Mar-08

7 Day Visual 13-Mar-08
Night Visual 12-Mar-08

Day Trap 13-Mar-08

Night Trap 13-Mar-08

8 Day Visual 9-Mar-08
Night Visual 6-Mar-08

Day Trap 7-Mar-08

Night Trap 7-Mar-08

9 Day Visual 21-Jul-09
Night Visual 20-Jul-09

Day Trap 20-Jul-09

Night Trap 21-Jul-09
South Finegayan (SFIN) 1 Day Visual 13-Mar-08
Night Visual 12-Mar-08
Day Trap 13-Mar-08
Night Trap 13-Mar-08
2 Day Visual 13-Mar-08
Night Visual 12-Mar-08
Day Trap 13-Mar-08
Night Trap 13-Mar-08
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Site Search Type Date
Federal Aviation Administration
(FAA) Day Visual 21-Nov-08
Night Visual 24-Nov-08
Day Trap 21-Nov-08
Night Trap 24-Nov-08
Day Visual 21-Nov-08
Night Visual 24-Nov-08
Day Trap 21-Nov-08
Night Trap 24-Nov-08
Day Visual 18-Dec-08
Night Visual 17-Dec-08
Day Trap 18-Dec-08
Night Trap 18-Dec-08
Andersen South (ANDS) Day Visual 15-Apr-2008
Night Visual 9-Jun-2008
Day Trap 15-Apr-2008
Night Trap 18-Apr-2008
Day Visual 16-Apr-2008
Night Visual 9-Jun-2008
Day Trap 16-Apr-2008
Night Trap 18-Apr-2008
Day Visual 16-Apr-2008
Night Visual 10-Jun-2008
Day Trap 16-Apr-2008
Night Trap 18-Apr-2008
Day Visual 18-Apr-2008
Night Visual 10-Jun-2008
Day Trap 18-Apr-2008
Night Trap 18-Apr-2008
Day Visual 15-Apr-2008
Night Visual 9-Jun-2008
Day Trap 15-Apr-2008
Night Trap 18-Apr-2008
Day Visual 15-Apr-2008
Night Visual 9-Jun-2008
Day Trap 15-Apr-08
Night Trap 18-Apr-08

SWCA Environmental Consultants

34



Herpetological Surveys for Marine Corps Relocation, Guam

Site Search Type Date

Day Visual 9-Oct-09
Andersen South (ANDS) cont. Night Visual 14-Oct-09
Day Trap 14-Oct-09
Night Trap 15-Oct-09
Route 15 (RT15) Day Visual 19-Nov-08
Night Visual 25-Nov-08
Day Trap 19-Nov-08
Night Trap 25-Nov-08
Day Visual 19-Nov-08
Night Visual 25-Nov-08
Day Trap 19-Nov-08
Night Trap 26-Nov-08

Day Visual 2-Dec-08

Night Visual 1-Dec-08

Day Trap 2-Dec-08

Night Trap 2-Dec-08
NCTS Barrigada (NBAR) Day Visual 17-Feb-08
Night Visual 18-Feb-08
Day Trap 17-Feb-08
Night Trap 18-Feb-08
Day Visual 17-Feb-08
Night Visual 18-Feb-08
Day Trap 17-Feb-08
Night Trap 18-Feb-08

Day Visual 7-Oct-09

Night Visual 20-Oct-09

Day Trap 20-0Oct-09

Night Trap 21-Oct-09
Cabras (CABR) Day Visual 24-Jun-09
Night Visual 24-Jun-09
Day Trap 24-Jun-09
Night Trap 25-Jun-09
Orote (OROT) Day Visual 25-Apr-08
Night Visual 30-Apr-08
Day Trap 25-Apr-08

Night Trap 1-May-08
Day Visual 25-Apr-08
Night Visual 30-Apr-08
Day Trap 25-Apr-08

Night Trap 1-May-08
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Site Search Type Date
Orote (OROT) cont. Day Visual 25-Apr-08
Night Visual 30-Apr-08
Day Trap 25-Apr-08
Night Trap 1-May-08
Day Visual 25-Apr-08
Night Visual 30-Apr-08
Day Trap 25-Apr-08
Night Trap 1-May-08
Naval Munitions Site (NMS) Day Visual 1-Mar-08

Night Visual None
Day Trap 22-Feb-08
Night Trap 22-Feb-08
Day Visual 23-Feb-08
Night Visual 26-Feb-08
Day Trap 23-Feb-08
Night Trap 26-Feb-08
Day Visual 23-Feb-08
Night Visual 26-Feb-08
Day Trap 23-Feb-08
Night Trap 26-Feb-08
Day Visual 21-Feb-08
Night Visual 26-Feb-08
Day Trap 21-Feb-08
Night Trap 26-Feb-08
Day Visual 21-Feb-08
Night Visual 26-Feb-08
Day Trap 21-Feb-08
Night Trap 26-Feb-08
Day Visual 21-Feb-08
Night Visual 26-Feb-08
Day Trap 20-Feb-08
Night Trap 26-Feb-08
Day Visual 21-Feb-08
Night Visual 26-Feb-08
Day Trap 20-Feb-08
Night Trap 26-Feb-08
Day Visual 9-Dec-08
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Site Transect Search Type Date

Night Visual 8-Dec-08

Ic\lg?r\fl Munitions Site (NMS) Day Trap 9-Dec-08
Night Trap 9-Dec-08
9 Day Visual 11-Dec-08
Night Visual 10-Dec-08
Day Trap 11-Dec-08
Night Trap 11-Dec-08

10 Day Visual 8-Jan-09

Night Visual 7-Jan-09

Day Trap 7-Jan-09

Night Trap 8-Jan-09

11 Day Visual 9-Dec-08

Night Visual 8-Dec-08

Day Trap 9-Dec-08

Night Trap 9-Dec-08

Access Road (ACRD) ARCD-1 Day Visual 15-Jul-08
Night Visual 14-Jul-08

Day Trap 14-Jul-09

Night Trap 15-Jul-09

ARCD-2 Day Visual 15-Jul-08

Night Visual 14-Jul-08

Day Trap 14-Jul-09

Night Trap 15-Jul-09

ARCD-3 Day Visual 15-Jul-08

Night Visual 14-Jul-08

Day Trap 14-Jul-09

Night Trap 15-Jul-09
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APPENDIX 2 NOTABLE SPECIES DETECTION INFORMATION

Nactus pelagicus

Date Transect Location Location Number of Visual/Capture
Easting Northing individuals
12/8/2008 NMS 8 250139 1476478 2 Visual
3/30/2009 NMS 11 249630 1476337 1 Visual
7/20/2009 NFIN 9 268054 1503381 2 Visual
7/20/2009 NFIN 9 268232 1503256 1 Visual
7/20/2009 NFIN 9 268066 1503375 1 Visual
7/20/2009 NFIN 9 268165 1503310 1 Visual
7/20/2009 NFIN 9 268205 1503271 1 Visual
7/20/2009 NFIN 9 268286 1503228 1 Visual
1/8/2009 NMS 10 250051 1475481 1 Capture
1/8/2009 NMS 10 250010 1475411 1 Capture
7/21/2009 NFIN 9 268109 1503350 1 Capture
7/21/2009 NFIN 9 268054 1503381 1 Capture
TOTAL 14
Lipinia noctua
Date Transect Location Location Number of Visual/Capture
Easting Northing individuals
2/22/2008 NMS 1 248620 1477879 1 Capture
2/22/2008 NMS 1 248920 1477516 1 Capture
2/22/2008 NMS 1 248952 1477483 1 Capture
3/31/2009 NMS 11 249640 1476347 1 Capture
6/25/2009 Cabras 249272 1488964 1 Capture
7/20/2009 NFIN 9 268080 1503366 1 Capture
10/15/2009 AAFB 7 271845 1502281 1 Capture
1/8/2009 NMS 10 250087 1475509 1 Capture
TOTAL 8
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APPENDIX C
Terrestrial Natural Resource Surveys

Terrestrial Natural Resources Surveys on Guam, In Support Of The Joint Guam
Project Office Environmental Impact Statement. NAVFAC Pacific, Pearl Harbor,
Hi. October 2009
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October 2009




INTRODUCTION

As part of the proposed transfer of U.S. Marines from Okinawa to Guam, natural resource surveys were
performed in areas to be impacted as aresult of this transfer. Avian, reptile, amphibian, and botanical
surveys were performed in August, September, October and November, 2008.

STUDY SITES

Sites that were sampled include Dadi (Map 1) and Tipalao (Map 2) beach areas at the Naval Installation
(Naval Base Guam), Air Force Barrigada (Map 3), Anderson Air Force Base (AAFB) Finegayan (Map 4),

and Polaris Point (Map 5).

Map 1. Dadi beach area transects and bird count stations




Map 2. Tipalao beach area transects and bird count stations

Map 3. Air Force Barrigada transect and bird count stations




Map 4. AAFB Finegayan transects: bird count stations are on the transects

Map 5. Polaris point transect and bird count stations




METHODS

Bird Surveys

Because the sites varied in size, the avian surveys consisted of a point count survey along each transect
(count stations every 100 meters [m] on the transect) and/or, depending on the site, a roadside breeding
bird type survey. Surveys started between 0600 am and 0700 am and were completed by 1100 am. Due to
the small size of the areas surveyed the number of stations at each site was less than 10.

For the breeding bird surveys avian identification was performed along roadside survey routes. Each
survey route utilized available Base roadways in areas planned for development. Sampling locations (i.e.,
stops) were at ~500-m intervals. At each stop, an 8-minute point count was conducted. During the count,
every bird seen within a 0.25-mile radius or heard was recorded.

Forest birds were surveyed using the variable circular plot (VCP) method (Scott et al. 1986). All birds
seen or heard during an 8-minute count period at each station were recorded with the detection type
(audio, visual or combined detection) and the distance to the bird when first detected, estimated to the
nearest meter. Observations between stations were not recorded.

Reptile and Amphibian Surveys
Reptiles and amphibians were sampled by visual surveys on transects and adhesive, “ sticky”, trapping on
the same transects.

Visual surveys were performed during the morning and evening hours. Adhesive traps were placed every
15 meters on the transect up to 15 traps. One trap was placed on the ground and 1 was stapled to the
nearest tree at ~breast height. Ground traps were placed between 0800 am and 0900 am and left out for 4
hours. Tree traps were placed at the same time but |eft over night. Tree traps were checked in the late
afternoon so that lizards could be removed before nightfall.

Botanical Surveys

The goal of the vegetation surveys was to locate endangered plant species or species of concern through a
visual walk over the entire transect length and a point-quarter survey. The point-quarter survey was
performed, with stations every 50 m to identify to species and measure the nearest tree in each quarter
greater than 2-cm diameter at breast height (dbh). At the point quarter station, the presence or absence of
signs of ungulate (deer and pigs) activity within a 5-m radius around the station point was noted. Within
this same 5-m radius, vegetation was counted and identified to species for tree seedlings that are smaller
than 2-cm dbh. At each station ground cover was assessed with a 50 cm x 50 cm PV C square grid or
guadrant frame, divided into a grid of 25 squares (use wire or string on the PV C frame), each 10 x 10 cm,
providing 16 interior points where the grid lines intersected. At each station the frame was dropped in one
of the cardinal directions approximately 1 meter from the station center. The types of ground cover that
each intersecting gridline touched was recorded as follows: Litter (dead vegetation), rock, bare soil, and
live vegetation.

RESULTS

Bird surveys

Nine bird species were documented although not all species were observed at any one site (Table 1). No
threatened or endangered bird species were documented. There were not enough birds detected of any
speciesto provide an estimate of population density or abundance.




Table 1. Bird species documented at survey sites

Species Dadi | Tipalao | Polaris Point | AAFB Finegayan | Air Force Barrigada
Drongo X X X X
Yédlow Bittern X
White Tern X
Black Francolin X
Tattler sp. X
Brown Noddy X
Eurasian Tree Sparrow X X X
Philippine Turtle Dove X X X X X
Chicken X X

Reptile and Amphibian Surveys

Seven species of reptiles and one amphibian species were documented (Table 2). No federally threatened
or endangered species were documented. Even though not all species were documented at al sites, it is

assumed that all occur each site.

Table 2. Reptiles and amphibians documented at survey sites

Species

Dadi | Tipalao | Polaris Point | AAFB Finegayan | Air Force Barrigada

Carlia fusca

Emoia caeruleocauda

Hemidactylus frenatus

Lepidodactylus lugubrus

XXX X
XXX X

Gehyra mutilata

XXX X[ X

Varanus indicus

Boiga irregularis

Bufo murinus

XXX XXX X [ X
XXX XXX X[ X

XX

Botanical Surveys

See Table 3 for the tree density and mean size (diameter at breast height [DBH]) at each site. Because the
floral communities between the eastern and western areas of the AAFB Finegayan parcel were markedly

different they are presented separately.

Table 3. Tree density and mean size at survey sites

Site Number of trees per hectare (ha) and mean DBH (cm) (with 95% confidence interval)
Dadi 5,632 trees’ha; DBH = 6.36 (4.96-7.76)
Tipaao 5,569 trees’ha; DBH = 7.16 (4.23-10>09)
Polaris Point 5,004 treessha; DBH = 6.12 (5.03-7.21)

Air Force Barrigada

6,309 trees’ha; DBH = 4.50 (3.85-5.15)

AAFB Finegayan West

3,695 trees’ha; DBH = 6.46 (4.85-11.31)

AAFB Finegayan East

3,183 trees’ha; DBH = 10.86 (9.11-12.61)

See Charts 1-6 for the tree species composition at each site.




Chart 1. Tree Species Composition at Tipalao
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Chart 4. Tree Species Composition at Air Force Barrigada
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See Table 4 for non-woody plants documented at each site.

Table 4. Non-woody plants documented at survey sites

Site Non-woody species documented
Dadi Lilies

Tipalao Polypodium scolopendria, Lilies

Sida sp., Polypodium scolopendria, Chromo odorata, Nephrolepis sp., Euphorbia

Polaris Point leterophella, Stachytarpheta urticifolia

Air Force Barrigada | Polypodium punctatum, Stachytarpheta urticifolia, Chromo odorata

AAFB Finegayan Piper guahamense, Polypodium punctatum , Chromo odorata, Stachytarpheta urticifolia,
West Chamaecrista nictitans

AAFB Finegayan Sida sp., Piper guahamense, Polypodium punctatum , Chromo odorata, Chamaecrista
East nictitans

Ungulate (deer or pig) sign was documented at Air Force Barrigada (deer and pig), Polaris point (pig),
and both east and west AAFB Finegayan (deer and pig). AAFB Finegayan had very prominent and
numerous ungulate signs.

DISCUSSION

Bird surveys

Due to the impacts of the introduced brown treesnake (Boiga irregularis) most of Guam’s native forest
birds are either extinct or extirpated. The few birds that are able to co-exist with the snake tend to be
introduced or seabird/shorebirds with large size and nesting habits that preclude snake predation. The
results of these surveys support this generalization.

Reptile and Amphibian Surveys

With the exception of sea turtles, the Marianas idands do not have any federaly listed reptile or
amphibian species. There are severa locally listed species of concern and none of these were documented
at the survey sites.

Botanical Surveys

No endangered plant species or species of concern were documented. Ungulate impacts were quite
extensive at the AAFB site and appear to be causing fragmentation of the habitat. The western side of this
parcel lacked canopy species trees and is becoming scrubby and open. The dominant tree species are
native (Guamia mariannae, Hibiscus tileaceus and Neisosperma oppisitifolia) but are not canopy species.
The eastern side of the parcel has an enclosed canopy and large trees but these are dominated by the
introduced species Vitex parviflora and Spathodea campanulata. It is obvious that deer and pigs are
having a pronounced effect on the habitat, preventing regeneration of many native tree species and
reducing diversity.

LITERATURE CITED

Scott, JM., S. Mountainspring, F.L. Ransey, and C.B. Kepler. 1986. Forest bird communities of the
Hawaiian Islands: their dynamics, ecology, and conservation. Studiesin Avian Biology 9.
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1.0 INTRODUCTION

This vegetation survey is prepared for the U.S. Navy through a NAVFAC contract (Task
Order 0016 and TO 0007 Mod 04 for Natura Resource (NR) Surveys on Guam) for AE
Services for Environmental Planning to Support Strategic Forward Basing Initiatives. The
survey is intended to provide information on the terrestrial plant communities within certain
Department of Defense (DOD) and non-DOD lands that are being considered in the
Environmental Impact Statement (EIS) for the Marine Corps Relocation Initiative to
Various Locations on Guam. The information collected will supplement the Final Natural
Resources Survey and Assessment Report of Guam and Certain Islands of the Northern
Mariana Islands (NAVFAC, 2007).

1.1 Study Area

Eight survey areas comprising DOD and non-DOD lands were included in the vegetation
survey study area. Table 1.1-1 summarizes the acreage, total transect length, and number of
transects at each site.

Table 1.1-1. Summary of Transect Lengths and Locations

Survey Area Approximate Area Total Transect Number of

(Acres) Length (Feet) Transects
North Finegayan 240 3,500 8
South Finegayan 418 500 2
Orote Peninsula 240 500 1
Navy Barrigada 400 1,000 2
Andersen South 2,024 4,000 6
Ordnance Annex 3,347 6,000 11
FAA Parcel 592 1,500 3
Route 15 395 4,265 3

The DOD parcels included six northern sites: North Finegayan, Navy Barrigada, South
Finegayan housing area, and Andersen South housing area (Figure 1-1). Two DOD parcels
were surveyed in southern Guam: Orote Peninsula and Ordnance Annex. The former
Federal Aviation Administration (FAA) parcel and Route 15 parcels are non-DOD lands
located in northern Guam.

1-1
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2.0 MATERIALS AND METHODS

This section describes the procedures used in conducting a vegetation survey of selected
terrestrial plant communities on DOD lands on Guam using Point-Center Quarter and Point
Quadrat methodology (Mueller-Dombois, 1979). These procedures give descriptions of
equipment and field procedures necessary to obtain qualitative and quantitative data on
vegetation throughout the study area. All surveys were performed by Duenas, Camacho &
Associates, Inc. and TEC, Inc. biologists.

2.1.1 Equipment and Supplies

The following equipment and resources were used in the field during the vegetation surveys:

1. Digital Camera

2. Field Notebook

3. Aeria Photographs and Maps covering the Survey Areas
4. Handheld Global Positioning System (GPS)

5. Vegetation Field Guides

6. Binoculars

7. Personal protective equipment (PPE)

2.1.2 Guidelines

Transect lines were previously identified and flagged at the initial and terminal points by
others prior to the start of the field survey. Biologists walked the entire length of the
transect lines and performed general and quantitative observations of the vegetation based
on the methodology below. Plants were identified to species whenever possible. Vouchers
of questionable specimens (e.g., non-flowering plants or seedlings) were collected when
necessary.

2.1.2.1 General observations

Biologists walked each transect line observing the vegetation with the goal of locating any
sensitive species, i.e., threatened or endangered plant species, or species of concern (Table
2.1-1). Upon identifying a sensitive species, the biologist would photograph the specimen
and note its location relative to the nearest sampling station. The general health of the plant
was noted, e.g., healthy, damaged, or infested.

2-1
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2.1.2.2 Quantitative Observations

Concurrent with the general observations for sensitive species, a point-center quarter survey
was performed at regular intervals along the same transect line (Mueller-Dombois and
Ellenberg, 1979). The nearest tree in each quarter greater than 2 cm dbh was measured.
The sampling interval was adjusted based on the size of the sampled area and transect
length.

At the point-center quarter station, the presence or absence of ungulate sign (deer and pigs)
was noted within a 5-meter radius around the station point. Within this same 5-meter radius,
the tree seedlings smaller than 2 cm dbh were identified and tallied.

EcoSim (Acquired Intelligence, Inc.) was used to analyze the matrix of species presence x
distance for each of the point-centered quarter sampling units along the different transects to
generate rarefaction curves of species richness. Rarefaction curves are a useful method to
compare the species richness between transects as well as to characterize overall species
diversity at a site (Ludwig and Reynolds, 1988). This technique involves resampling the
observed distribution of species presences from transect data and generating probabilistic
species richness curves for a range of iterations. The number of iterations is equivalent to
the abundance of individuals in a transect while species richness, an index of diversity, is
equal to species number.

The point-center quarter station also served as a station for the point-quadrat survey.
Ground cover was assessed with a 50 cm by 50 cm square quadrat frame, divided into agrid
of 25 squares using string. Each 10 by 10 cm square provided 16 interior points where the
grid lines intersect. At each station the frame was dropped in one of the cardinal directions
approximately 1 meter from the station center. The types of ground cover that each
intersecting gridline touched was recorded as follows: litter (dead vegetation), rock, bare
soil, and live vegetation. The data for each station totaled 16 observations.

2.1.3 Documentation

Observations and data were recorded on data forms with the following information:

Responsible person’s name

Dates and times of activities

L ocation description and GPS location

General and quantitative observation data collected in the surveys
Information (e.g., date, location) regarding each photograph
Meteorological conditions

2-2
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2.2 Habitat Quality

Certain aspects of the plant communities may provide a general indication of the quality of
the habitat, such as ungulate activity, the presence of erosion, percent of native plant
species, and overall species richness. The conspicuous presence of ungulates is a factor in
the health and status of the native vegetation. Feral pigs tread on native seedlings and tear
up the understory growth, interrupting recruitment of new plants. Heavy browsing and
rubbing by deer also affect the health of native plant communities. A high level of ungulate
sign, istherefore, related to a more degraded and disturbed environment.

2.3 Threatened, Endangered and Sensitive Species

2.3.1.1 Sensitive Species

The Guam Comprehensive Wildlife Conservation Strategy was prepared by the Guam
Department of Agriculture with the goal of promoting the recovery and sustainable use of
Guam'’ s native aguatic and terrestrial species, especialy those of greatest conservation need.
The Strategy listed 65 species recommended as Species of Greatest Conservation Need
(SOGCN) for Guam. Five terrestrial plant species, all trees, were listed. These include
Heritiera  longipetiolata,  Merrilliodendron ~ megacarpum,  Serianthes  nelsonii,
Tabernaemontana rotensis, and Cycas micronesica. The SOGCN were listed based on the
following criteria:

e The status of the population of the species is not known, but the species is not

extinct;

e The population of the species does not contain a self-sustained breeding population,
there is no known breeding population, or is extirpated;
The population size is considered threatened or endangered,
A monitoring program is not in place;
The range of the population is limited; or,
A funded program is not in place for that species.

Guam Department of Agriculture also considers the native cycad tree, Fadang (Cycas
micronesica) as a species of concern. Cycads are a component of native limestone and
ravine forest.

2.3.1.2 Endangered Species

The U.S. Endangered Species Act (16 U.S.C. 1531-1544) of 1973, as amended, prohibits the
taking of any listed species without prior approval of the Secretary of the Interior. The U.S.
Fish and Wildlife Service (USFWYS) lists 13 loca species under the Act, including one plant,
Serianthes nelsonii, which islisted as endangered for Guam (USFWS, 2005).

2-3
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The Guam Department of Agriculture lists 31 species as endangered under the Endangered
Species Act of Guam (5 GCA, Section 63205(c)). Thelist includes three plants: Serianthes
nelsonii (fire tree or hayun lagu), Cyathea lunulata (tree fern or tsatsa), and Heritiera
longipetiolata (looking-glasstree or ufa’” halom-tano).

Table 2.1-1. Plant Species Listed as Threatened, Endangered or Species of Concern

Species Chamorro/Common Name Guam Federal
Endangered, | Endangered
Serianthes nelsonii Hayun-lago, Fire tree SOGCN
Cyathea lunulata Tsatsa, Treefern Endangered Not listed
Endangered, | Not listed
Heritiera longipetiolata Ufa-halomtano, Looking-glasstree SOGCN
Coelogyne guamensis Orchid Not listed SOC
Lycopodium phlegmaria Disciplina Not listed SOC
Nervilia jacksoniae Orchid Not listed SOC
Thelypteris warburgii Fern Not listed SOC
Tinosperma homosepela Not listed SOC
Tabernaemontana rotensis SOGCN Not listed
Cycas micronesica Fadang SOGCN Not listed
Merrilliodendron megacarpum Faniok SOGCN Not listed

Key: SOC = Species of Concern; SOGCN = Species of Greatest Conservation Need

Only one plant, the fire tree (S. nelsonii), is protected under the U.S. Endangered Species
Act. Other species listed include the five Species of Concern identified by the U.S. Fish and
Wildlife Service. These and the other listed species above were noted if they were
encountered during the field investigations (Table 2.1-1).
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3.0 RESULTS AND DISCUSSION

This section presents the general and quantitative data collected during this survey. The
following plant communities were documented in the project areas. primary limestone forest,
scrub forest, ravine forest, savanna grassland, coconut grove, halophytic/xerophytic scrub,
strand, and open field/weed community. Species names and distribution follow Raulerson
(2006). Common and local names are taken from Stone (1970).

Primary limestone forest is considered the original forest type on the limestone plateau prior to
man’s habitation and disturbance. Little remains of this climax plant community on Guam
because of the idand’s human and feral ungulate population growth and intensive urban
development that has cleared much of the forest, especialy in the last century. The best
examples are typically in areas where extreme terrain or military controls prevent ready or easy
access. The characteristic species include native breadfruit or dokdok (Artocarpus
mariannensis), paipai (Guamia mariannae), mapunao (Aglaia mariannensis), yoga (Eleocarpus
joga), Pisonia spp., Pandanus spp., and Ficus spp. Severa plant associations that have been
described as types or variations of limestone forest. These include the five types described by
Fosberg (1960) based on the dominant species. Artocarpus-Ficus forest; Mammea forest;
Cordia forest; Merrioliodendon-Ficus forest; and Pandanus forest.

Scrub forest is a derivative of and degraded form of primary limestone forest. It contains native
and naturalized species in varying proportions and has been subjected to disturbance by feral
ungulates, typhoons, and human activities. The forest is a scrubby, low-canopy community often
with a tangled understory of vines (especially bguco halomtano or Flagellaria indica) among
the shrubs or small trees. The forest composition isvariable, but Vitex parviflora isa particularly
common, if not dominant, overstory and understory tree species.

Ravine forest is adistinct forest on volcanic soils with a shorter, shrubbier stature than limestone
forest but with some overlapping species. Typical tree species include betelnut or pugua (Areca
catechu) palms, screwpines (Pandanus spp.), and ilang-ilang (Cananga odorata).

Savanna grasslands are found over volcanic soils where forest has been cleared and replaced by
homogeneous stands of swordgrass or neti (Miscanthus floridulus) and fields of foxtail
(Pennisetum polystachion), Dimeria chloridiformis, and other low herbs and grasses. Trees such
as ironwood or gagu (Casuarina equisetifolia) and shrubs such as nanaso (Scaevola taccada) are
gparingly distributed in this community.

Coconut grove communities comprise nearly homogeneous monocultures of coconut (Cocos
nucifera) palms and are found not far from sandy beaches. Other native tree species may be
present, such as Hernandia, Cordia subcordata, and Pandanus.

The open field/weed community comprises low-stature herbaceous and shrubby vegetation of
mostly introduced but naturalized species. The community arises from clearings by human or
ungul ates.
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Halophytic/xerophytic scrub is located on limestone cliffs exposed to salt spray, and includes
some components of limestone forest and strand communities. The vegetation is often stunted
and gnarled from constant ocean spray and windy conditions.

Strand communities comprise the coastal vegetation on sandy beaches. The area closest to the
shoreline, or forestrand, typically contains vines, such as Ipomoea pes-caprae, and grasses (e.g.,
Thuarea involuta) that bind the sand and may sprawl for long stretches. Other salt-tolerant
plants often found in this zone are hunig (Tournefortia argentea), nigas (Pemphis acidula), and
nanaso (Scaevola taccada). Further inland is the backstrand community, which often contains
binalo (Thespesia populnea), kafu (Pandanus tectorius), gasoso (Colubrina asiatica), fadang
(Cycas micronesica), coconut (Cocos nucifera) and nonag (Hernandia nymphaeaefolia).

3.1 North Finegayan

3.1.1 Location

North Finegayan comprises approximately 2,952 acres in northwestern Guam in the Municipality
of Dededo. ThisU.S. Navy installation extends west from Route 3 to the Philippine Sea, and lies
between Andersen Air Force
Base and the former Federal
Aviation Administration
(FAA)  parcel. Partial
perimeter fencing encloses the
base aong the southern,
eastern and western
boundaries.

3.1.2 Previous Studies

North Finegayan was formerly
named Naval Communication
Station (NCS) Finegayan, and
aso Naval Communications
and Area Master Station
(NAVCAMYS) Finegayan.
Previous studies of vegetation
a the instalation include a Fmesavan.

1978 survey and letter report by Philip Moore (BioSystems Analysis, Inc. 1989); a plant survey
conducted in conjunction with a reconnaissance of the Haputo Ecological Reserve Area (ERA)
by U.S. Fish and Wildlife Service (1986); and a natural resources survey by BioSystems
Analysis, Inc. (1989). The most comprehensive of these studies was performed by BioSystems
Analysis, Inc. (1989), which examined 40% of the limestone forest and strand areas at Navy
Finegayan and Navy Barrigada. The BioSystems survey identified four vegetation types at Navy
Finegayan: limestone forest (171 acres); degraded limestone forest (1,175 acres); coastal strand
(16 acres); and halophytic/xerophytic scrub (160 acres).

Figure 3.1-1. Limestone forest along Transect 4, upper NCTS North
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3.1.3 Quantitative Observations

The current quantitative survey areas at North Finegayan comprised three vegetation types.
limestone forest, coconut grove, and disturbed/weed community. Limestone forest was present
along six transects on the upper plateau (Transects 1 through 5, and Transect 8) (Figure 3.1-1) as
well as below the cliffline along Transect 7 south of Double Reef (Figure 3.1-2). The coconut
grove was sampled in Transect 6 in the Haputo ERA embayment. A disturbed/weed plant
community occurred at forest edges and in patches within the forest.

Point-center quarter surveys were performed along eight transects in the southern, northern and
western sectors of North Finegayan (Figure 1 in Attachment A). Transects 1 through 5 and
Transect 8 were in limestone forest. The results of these six surveys in the upper plateau of
North Finegayan are summarized in Table 3.1-1. Thirteen or approximately 68% of the 19
species encountered on
these transects were
native trees. It is notable
that Vitex parviflora, an
introduced species, is a
dominant component of
these forests in terms of
basal area, absolute
dominance and
frequency. The relative
density of species among
these six transects is
presented in Figure 3.1-
3. Vitex had the highest
relative density (about
22%), followed by native
kafu or  screwpine
(Pandanus tectorius) and

endemic paipai (Guamia
Figure 3.1-2. Limestone forest with Merrilliodendron megacarpum and mariannae) trees with

Piper guahamense along Transect 7, lower NCTS North Finegayan. densities of about 17%

each. Vitex is a
Philippine species that was introduced to Guam prior to 1970 (Stone, 1970), and has since
become a common component of its forests (Donnegan et al., 2004). Guamia is typically an
understory tree.
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Table 3.1-1
POINT-CENTER QUARTER METHOD RESULTS FOR LIMESTONE FOREST
NF-1, NF-2, NF-3, NF-4, NF-5, NF-8 NORTH FINEGAYAN, FEB. 2008
NO.
TREES IN |NO. SPECIES |TOTAL BASAL [MEAN BASAL |ABSOLUTE ABSOLUTE

SPECIES STATUS |QTRS. IN 100 SM AREA (sq. cm) [AREA (sq.cm) |DOMINANCE FREQUENCY
Neisosperma oppositifolia N 33 1.92 41750.80 1265.18 2428.42 30
Pandanus tectorius N 57 3.32 14921.03 261.77 867.88 46.25
Eugenia reinwardtiana N 13 0.76 2798.18 215.24 162.76 12.5
Guamia mariannae N 56 3.26 8120.10 145.00 472.30 40
Vitex parviflora | 71 4.13 103353.93 1455.69 6011.53 47.5
Hibiscus tiliaceus N 27 1.57 3947.59 146.21 229.61 20
Aglaia mariannensis N 10 0.58 3428.86 342.89 199.44 11.25
Premna obtusifolia N 12 0.70 9604.84 800.40 558.66 13.75
Triphasia trifolia | 5 0.29 190.66 38.13 11.09 5
Morinda citrifolia N 10 0.58 282.82 28.28 16.45 8.75
Cestrum diurnum I 4 0.23 651.76 162.94 37.91 5
Leucaena leucocephala I 1 0.06 41.83 41.83 2.43 1.25
Eugenia palumbis N 1 0.06 5.72 5.72 0.33 1.25
Intsia bijuga N 2 0.12 473.53 236.76 27.54 2.5
Maytenus thompsonii N 1 0.06 29.21 29.21 1.70 1.25
Spathodea campanulata | 2 0.12 326.76 163.38 19.01 2.5
Annona reticulata | 4 0.23 153.43 38.36 8.92 2.5
Cycas micronesica N 10 0.58 5590.11 559.01 325.15 6.25
Pandanus dubius N 1 0.06 122.66 122.66 7.13 1.25
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Figure 3.1-3. Relative density of tree species in Transects 1 to 5 and Transect 8, North
Finegayan.

The limestone forest along Transect 7 in lower North Finegayan is a distinctive community
comprising a stand of faniok (Merrilliodendron megacarpum) trees that provide habitat for the
Pacific tree snail (Partula radiolata). The forest is situated close to sea level aong the base of
an escarpment and overlies karst limestone substrate. From north to south, the site transitions
from faniok-dominated forest to a more mixed community.

Native species comprised nearly three-quarters of the relative density of tree species among the
six transects in the limestone forest at upper North Finegayan (Figure 3.1-4).
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¥ Introduced

M Native

Figure 3.1-4. Relative density of native tree species in Transects 1 to 5 and Transect 8,
North Finegayan.

In the forests of the southern sector (Transects 1 and 2), the three species with the highest
relative densities were Guamia mariannae, Pandanus tectorius, and Neisosperma oppositifolia,
which collectively accounted for 62% of the overall density (Figure 3.1-5). Native species had a
combined density of 87%; two of these species, Guamia and Aglaia, are endemic to the Mariana
Islands, and had a combined density of 27%. The non-native element comprised Triphasia
trifolia and Vitex parviflora with a combined density of 13%.

Relative Density
Transects 1 and 2

(N} Premna obtusifolia

Triphasia trifolia

(N} Aglaia mariannensis

(N} Hibiscus tiliaceus
Vitex parviflora

(N} Eugenia reinwardtiana

(N} Neisosperma oppositifolia

(N} Pandanus tectorius

(N} Guamia mariannae

0] 5 10 15 20 25

Relative Density (%)

Note: (N) indicates native species; others are introduced.

Figure 3.1-5. Relative density (%) of trees in southern sector at North Finegayan.
Non-native species (Vitex, Cestrum, and Triphasia) accounted for 45% of the relative density
(Figure 3.1-6) in the limestone forest of the north-central sector of North Finegayan (Transects 3
and 4). Native species comprised dlightly more than half of the overall density; however,
endemic species (Guamia and Aglaia) accounted for only 8% of the relative density.
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The limestone forest in the northeastern sector of North Finegayan (Transect 5) contained similar
relative densities of the introduced Vitex and the endemic Guamia trees. Vitex parviflora and
African tulip (Spathodea campanulata) trees comprised the non-native species, with a combined
relative density of about 32% (Figure 3.1-7). The three endemic species (Guamia, Eugenia
palumbis, and Maytenus thompsonii) comprise about 30% of the relative density.

Triphasia trifolia ‘ ‘ ‘ ‘ ‘ ‘

Cestrum diurnum

(N) Neisosperma oppositifolia Relative Density
Transects 3 and 4

Leucaena leucocephala

(N) Aglaia mariannensis

(N) Guamia mariannae

(N) Marinda citrifolia

(N) Hibiscus tiliaceus

(N) Pandanus tectorius

Vitex parviflora

0] 5 10 15 20 25 30 35 40 45

Relative Density (%)

Note: (N) indicates native species; others are introduced.

Figure 3.1-6. Relative density (%) of trees in north-central sector at North Finegayan.
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Intsia bijuga
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Guamia mariannae

Vitex parviflora
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Note: (N) indicates native species; others are introduced.

Figure 3.1-7. Relative density (%) of trees in northeastern sector at North Finegayan.
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The northwestern sector of North Finegayan contains limestone forest along the western coast
and upper plateau with the highest relative density (66%) of native tree species among the areas
sampled (Figure 3.1-8). The two non-native species, Annona squamosa and Cestrum diurnum,
comprised 12% of the relative density, while the endemic species, Guamia and Aglaia,
comprised 28%. The forest in this area also had the highest relative density of native cycad trees
(Cycas micronesica), with approximately 18%.

Pandanus dubius

Relative Density
Transect 8

Hibiscus tiliaceus
Eugenia reinwardtiana
Premna obtusifolia

Cestrum diurnum

Aglaia mariannensis

Annona reticulata

Cycas micronesica

Guamia mariannae

Neisosperma oppositifolia

10 15 20 25 30

Q
w

Relative Density (%)

Note: (N) indicates native species; others are introduced.

Figure 3.1-8. Relative density (%) of trees in northwestern sector at North Finegayan.

The west-central sector of North Finegayan in the vicinity of Pugua Point (Transect 7) contains
limestone forest with a native species density of 66% and a pronounced Merrilliodendron
megacarpum component (Figure 3.1-9). Merriolliodendron is an indigenous species found in
only afew localities on Guam because of its restricted habit. Non-native species comprised 34%
of the relative density; Annona, Triphasia, and Carica are successful introductions that have long
been naturalized in native forests. Endemic species (Guamia and Aglaia) accounted for 14% of
the relative density. The native cycad, Cycas micronesica, had alow density of only 3%.
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Figure 3.1-9. Relative density (%) of trees in northwestern sector at North Finegayan.

The final area sampled in the North Finegayan annex was a coconut (Cocos nucifera) grove in
the Haputo ERA embayment along the western coast (Figure 3.1-10). The areais located close
to sea level below the limestone plateau of the main annex. Nonag (Hernandia peltata), an
indigenous tree, had a relative density of about 22%; coconut palms comprised the remainder of
the trees aong this transect.

(N) Hernandia peltata Relatlve DenSIty
Transect 6
0 20 40 60 &0 100
Relative Density (%)

Figure 3.1-10. Relative density (%) of trees in southwestern sector at North Finegayan.

The percentage of native woody seedlings quantified along the transects exceeded 80% for
Transects 4 and 8 in the northern and northwestern sectors on the upper plateau, and Transect 7
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along the west-central coast (Figure 3.1-11). Elsewhere, the percentage was less than 60%
native woody seedlings.

The mean woody seedling density for all transects at North Finegayan was dlightly higher for
native species (1.71 seedlings per SM) than for introduced species (1.12 seedlings per SM)
(Figure 3.1-12).
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Figure 3.1-11. Native woody seedlings along all transects at North Finegayan.
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Figure 3.1-12. Mean density of woody seedlings along all transects at North Finegayan.

3.1.4 Habitat Quality

Certain aspects of the plant communities may provide a general indication of the quality of the
habitat at North Finegayan. These include the ungulate activity, presence of erosion, the percent
of native plant species, and overall species richness.

The species richness for tree species across all transects was calculated with a 95% confidence

interval and is presented in Figure 3.1-13. Species richness for all transects at North Finegayan
was 24 species (Figure 3.1-13).

Tree species richness at North Finegayan
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Figure 3.1-13. Species richness of trees along all transects at North Finegayan.
Analysis of individual transects revealed significantly lower species richness in the coconut
grove of Transect 6 compared to all other sites (Figure 3.1-14; 95% confidence intervals not
shown). This transect was in the lower plateau and lacked many of the woody species observed
in the remaining seven transects. Similar species richness values were observed for Transect 5in
the northeastern sector, and Transect 8 in the northwestern sector, which are both on the upper
plateau.
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Figure 3.1-14. Species richness of trees along each transect at North Finegayan.

Ungulate activity was observed most frequently in the form of rubbings on tree trunks and
browsing (Figure 3.1-15). Soil disturbance, such as wallows, was less frequently observed at
North Finegayan.
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0.3

0.2

Mean Frequency

mm mm

Rubbings Browsing Soil Dist Other

-0.1 -

Figure 3.1-15. Mean frequency of ungulate activity along all transects at North Finegayan.

The ground cover aong all transects at North Finegayan showed a high mean frequency of litter
and relatively low mean frequencies of bare soil and rock (Figure 3.1-16).
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Figure 3.1-16. Mean frequency of ground cover along all transects at North Finegayan.
An example of the type of ungulate disturbance observed at North Finegayan is shown in Figure

3.1-17. Ungulates, most likely feral pigs, have toppled a fadang (Cycas micronesica) specimen,
possibly to feed on the pith material in the trunk.

Figure 3.1-17. Ungulate damage to Cycas micronesica, Transect 8, North Finegayan.
3.1.5 Sensitive Species

3.1.5.1 Threatened and Endangered Species
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None of the locally-listed or federally-listed endangered plants (see Table 2.2-1) were detected
during the current survey in North Finegayan. BioSystems Analysis, Inc. (1989) did not detect
Heritiera longipetiolata in their natural resources survey of Navy Finegayan, but noted that it is
known to occur in the Haputo ERA.

The Haputo ERA provides habitat for the Pacific tree snail (Partula radiolata) and the last
remaining colony of Mariana tree snails (Partula gibba) on Guam. These species are among the
endemic tree snails locally-listed as threatened (Partula radiolata) or endangered (Partula
gibba), and federally-listed as candidate species.

3.1.5.2 Species of Concern

Species of concern are those plants that have biological or cultural significance as determined by
recognized authorities or regulatory agencies. The Guam Department of Agriculture/ Division of
Aquatic and Wildlife Resources currently lists five plants among the Species of Greatest
Conservation Need (SOGCN) for the island, based on certain criteria (see Table 2.2-1). Two
SOGCN were observed at North Finegayan during the current survey: faniok (Merrilliodendron
megacarpum) and fadang (Cycas micronesica). According to the Guam Comprehensive Wildlife
Conservation Strategy, faniok is threatened by herbivory, typhoons, and development
(Department of Agriculture, 2006). A faniok stand is present along Transect 7 close to sea level
in the west-central sector of the installation. Fadang is typically distributed over limestone and
volcanic substrates; however, populations islandwide are in decline from infestation by the Asian
cycad scale (Aulacaspis yasumatsui) (Department of Agriculture, 2006). Fadang was quantified
only on Transect 7 in the west-central sector, and Transect 8 in the northwestern sector of the
upper plateau. These areas also had the most native tree species among those surveyed.

At North Finegayan, BioSystems Analysis, Inc. (1989) identified the following species of
interest, which are rare or unusual but not subject to regulatory control or management at this
time.

e Balanophora indica or chili-n-duendas is an endemic herb that is parasitic on the roots of

autotrophic forest trees, such as Cynometra and Guamia (Stone, 1970).

e Lycopodium phlegmaria, or cordon de San Francisco, is an epiphytic club moss found in
moist limestone forest sites at Finegayan.
Thelypteris truncata is an indigenous fern of the Haputo ERA area.
Bulbophyllum longiflorum is an indigenous orchid of the forest above Haputo ERA.
Geophila repens, or tamanes-hating, is a native herb that has only been found at Haputo.
Merrilliodendron megacarpum, or faniok, is an indigenous tree that occurs as a small
stand south of Double Reef.

Of these, only Merrilliodendron was detected in the current survey.
The following species were identified within North Finegayan during the present survey.

e Zeuxine fritzii is an indigenous ground orchid found on the forest floor of Transects 3 and
5.

e Nervilia aragoana is an indigenous ground orchid found on the forest floor of Transects 3
and 5.
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Although notable, these species are not subject to management controls or regulations on Guam.

3.2 South Finegayan

3.2.1 Location

South Finegyan is located adjacent and south of the Federal Aviation Administration (FAA)
parcel, and east of the Guam Land Use Plan (GLUP) 77 parcel in northwestern Guam. The
installation extends along Route 3 in Dededo. Theland useis primarily residential.

3.2.2 Previous Studies

The previous vegetation studies at North Finegayan discussed under Section 3.1.2. did not
encompass South Finegayan.

3.2.3 Quantitative Observations

Surveys were performed along two transects in the central sector of South Finegayan (see
Attachment A). The vegetation community is a disturbed limestone forest dominated by Vitex
parviflora, tangantangan (Leucaena leucocephala) and pago (Hibiscus tiliaceus). The results of
point-center quarter surveys are summarized in Table 3.2-1.

The relative density of tree species in South Finegyan (Figure 3.2-1) show the non-native Vitex,

tangantangan (Leucaena leucocephala) and papaya (Carica papaya) comprised 67%.

The

remaining five native species comprised 33% of the density; none are endemic to the Marianas.

Table 3.2-1
SF-1 and SF-2, SOUTH FINEGAYAN, March 2008
NO.

NO. TREES |SPECIES |TOTAL BASAL |MEAN BASAL |ABSOLUTE ABSOLUTE
SPECIES STATUS |IN QTRS. IN 100 SM |AREA (sg. cm) |AREA (sqg. cm) |DOMINANCE [FREQUENCY
Leucaena leucocephala I 18 5.19 #VALUE! 44.50 230.93 50.00
Hibiscus tiliaceus N 16 4.61 #VALUE! 77.39 356.97 38.89
Vitex parviflora | 27 7.78 #VALUE! 361.34 2812.42 72.22
Pandanus tectorius N 5 1.44 #VALUE! 52.54 75.73 22.22
Morinda citrifolia N 1 0.29 #VALUE! 3.80 1.10 5.56
Neisosperma oppositifolia N 1 0.29 #VALUE! 86.55 24.95 5.56
Carica papaya | 3 0.86 #VALUE! 138.14 119.47 16.67
Intsia bijuga N 1 0.29 #VALUE! 41.83 12.06 5.56
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Figure 3.2-1. Relative density (%) of trees at South Finegayan.

The density of trees in South Finegayan was approximately 21 trees per 100 SM, or 2,100 trees
per hectare (Table 3.2-1). Vitex parviflora had the highest density (7.78 trees per 100 SM) and
dominance among the trees surveyed. Five of the eight tree species (63%) surveyed are native
to Guam. These include Hibiscus tiliaceus, Pandanus tectorius, Morinda citrifolia, Neisosperma
oppositifolia, and Intsia bijuga.

The relative density of native trees was 33% for both transects at South Finegayan (Figure 3.2-
2). Thelow native tree component may be attributed to past clearing activities at the site, which
is adjacent to afenced area enclosing what appears to be a hazardous waste remediation site.

B Introduced

m Native

Figure 3.2-2. Relative density of native tree species at South Finegayan.
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The mean woody seedling density at South Finegayan was lower for native species (1.46
seedlings per SM) than for introduced species (4.06 seedlings per SM) (Figure 3.2-3).

Mean Wody
Seedling Density/SM

Seedling density at South Finegayan

6 -

Native Introduced

Figure 3.2-3. Seedling density of woody species at South Finegayan.

3.2.4 Habitat Quality

Certain aspects of the plant communities may provide a general indication of the quality of the
habitat at South Finegayan. These include the ungulate activity, presence of erosion, the percent
of native plant species, and overall species richness. The species richness for tree species at
South Finegayan is presented in Figure 3.2-4.
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Figure 3.2-4. Species richness of trees at South Finegayan.
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The ungulate activity at South Finegayan fell into two categories. rubbings and soil disturbance
(Figure 3.2-5).
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Figure 3.2-5. Mean frequency of ungulate activity at South Finegayan.

The ground cover at South Finegayan was primarily in the form of litter (Figure 3.2-6). Little
live vegetation was detected.
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Figure 3.2-6. Mean frequency of ground cover at South Finegayan.

3.2.5 Threatened and Endangered Species and Species of Concern

No species listed as threatened or endangered, either by the Federal or local government, were
observed along the transects at South Finegayan. Similarly, no species of concern were observed
along the transects at South Finegayan.
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3.3 Navy Barrigada

3.3.1 Location

Navy Barrigada is located in north-
central Guam in the Municipality of
Barrigada. The instalation
encompasses 1,848 acres with access
from Route 15 on the west and Route
16 on the east. The primary land use
is communication-related,  with
antenna fields and support facilities
in the eastern and western sectors; a
golf course is present in the southern
sector of the installation.

3.3.2 Previous Studies

The previous studies at Navy
Barrigada include the BioSystems
Analysis (1989) report that also
documented the vegetation at Navy
Finegayan. The report identified the
following plant communities at Navy
Barrigada: freshwater wetlands (4
acres), weeds with scattered shrubs
(430 acres), cultivars (90 acres),
tangantangan scrub  forest (280
acres), limestone forest (350 acres),
and degraded limestone forest (210
acres) (BioSystems Analysis, Inc.
1989).

3.3.3 Quantitative Observations

Figure 3.3-1. Cycas micronesica in limestone forest along

" Transect 2, Navy Barrigada.

Much of Navy Barrigada comprises improved and unimproved roads, open fields and weedy
vegetation, with the remaining forested areas mainly concentrated around Mt. Barrigada between
two vast antenna fields. Surveys were performed along two transects in the north-central sector
of Navy Barrigada (Attachment A): Transect 1 aong an east-west axis near the toe of Mt.
Barrigada, and Transect 2 along a north-south axis to the southwest of Transect 1 (Figure 3.3-1).
Both transects were within limestone forest community mapped by BioSystems Analysis, Inc.

(1989).
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Tree density, dominance and frequency were quantified using the point-center quarter method
and summarized for both transects (Table 3.3-1).

Table 3.3-1
POINT-CENTER QUARTER METHOD RESULTS FOR LIMESTONE FOREST
NAVY BARRIGADA, FEBRUARY 2008
BASAL MEAN
NO. TREES [NO. SPECIES |AREA (sg. BASAL AREA|ABSOLUTE ABSOLUTE

SPECIES STATUS |[IN QTRS. IN 100 SM cm) (sg. cm) DOMINANCE |FREQUENCY

Hibiscus tiliaceus N 37 12.59 2316.62 62.61 788.21 59.38
Neiosperma oppositifolia N 19 6.46 1917.15 100.90 652.29 37.50
Guamia mariannae N 11 3.74 615.38 55.94 209.38 25.00
Annona reticulata [ 10 3.40 479.28 47.93 163.07 18.75
Triphasia trifolia [ 8 2.72 396.80 49.60 135.01 18.75
Aglaia mariannensis N 4 1.36 270.89 67.72 92.17 12.50
Ficus tinctoria N 6 2.04 1046.92 174.49 356.20 9.38
Morinda citrifolia N 2 0.68 54.67 27.33 18.60 3.13
Spathodea campanulata | 2 0.68 225.08 112.54 76.58 3.13
Leucaena leucocephala | 8 2.72 438.57 54.82 149.22 15.63
Ficus prolixa N 1 0.34 3726.56 3726.56 1267.93 3.13
Cycas micronesica N 6 2.04 1796.87 299.48 611.37 15.63
Carica papaya | 1 0.34 116.84 116.84 39.75 3.13
Pandanus dubius N 1 0.34 41.83 41.83 14.23 3.13
Melanolepis multiglandulosa N 1 0.34 22.89 22.89 7.79 3.13
Ixora triantha N 1 0.34 4.91 4.91 1.67 3.13
Premna obtusifolia N 5 1.70 1070.45 214.09 364.21 12.50
Intsia bijuga N 3 1.02 151.49 50.50 51.54 9.38
Aidia cochinchinensis N 1 0.34 8.04 8.04 2.73 3.13
Pandanus tectorius N 1 0.34 10.75 10.75 3.66 3.13

Twenty species were quantified along the transects. The highest dominance observed was for
the banyan tree (Ficus prolixa), an overstory species with numerous aerial roots that contribute
to its large footprint. The species with the second and third highest dominance were pago
(Hibiscus tiliaceus) and fago (Neisosperma oppositifolia), which typically occupy the overstory.
All three species are native to Guam. It is interesting that the seeded breadfruit or dugdug
(Artocarpus mariannensis) was not quantified on these transects, although this was cited as a
dominant species of the Navy Barrigada limestone forest by BioSystems Analysis, Inc. (1989).
Dugdug may be more common on the slopes of Mt. Barrigada where the forest is more intact.

The point-center quarter observations reveaed the highest frequencies were for pago (Hibiscus
tiliaceus), followed by fago (Neisosperma oppositifolia) and paipai (Guamia mariannae). Paipal
is a native forest understory species. Two introduced species, custard apple (Annona reticulata)
and lemonchina (Triphasia trifolia), had the next highest frequency values. Although they are
not native components, these species have become naturalized in other limestone forests around
theidland.

The overall density of trees was calculated at 43.55 trees per 100 SM. The native species pago

(Hibiscus tiliaceus), fago (Neisosperma oppositifolia) and paipai (Guamia mariannae) had the
highest three relative densities of approximately 29%, 14% and 9%, respectively (Figure 3.3-2).
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Figure 3.3-2. Relative density (%) of tree species, Navy Barrigada.

Native species had a combined relative density of approximatley 77%, far exceeding the relative
density of introduced species for both transects at Navy Barrigada (Figure 3.3-3).

B NATIVE

B INTRODUCED

Figure 3.3-3. Relative density (%) of native and introduced tree species, Navy Barrigada.
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A comparison of the woody seedling density revealed a higher density for Transect 2 (Figure
3.3-4). Both transects, however, showed markedly higher densities of native over introduced
Species.

Woody seedling density
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Figure 3.3-4. Density of woody seedlings along Transects 1 and 2, Navy Barrigada.

3.3.4 Habitat Quality

The habitat quality at Navy Barrigada may be described through the level of ungulate activity,
percent of native species, and overall species richness.

Species richness calculated for the two transects was higher for Transect 2 (Figure 3.3-5).
Nevertheless, the species richness x abundance curves for both transects had similar shapes and
inflection points.

NCTS Barrigada
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Figure 3.3-5. Species richness for Transects 1 and 2, Navy Barrigada.
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There was no ungulate activity quantified at the transect stations during the survey. The ground
cover observations revealed a high frequency of leaf litter (Figure 3.3-6). Bare soil, rock and
live vegetation had relatively low mean frequencies.

Ground cover
16
14 -
z 12 -
@
g 10 -
o
® 8
[V
g 6
U
= 4 -
o =
0 I , _ mmimm
Rock Soil Litter Live Vegetation

Figure 3.3-6. Mean frequency of ground cover along all transects, Navy Barrigada.

3.3.5 Threatened and Endangered Species and Species of Concern

3.3.5.1 Threatened and Endangered Species

Figure 3.3-7. Partula radiolata on Neisosperma leaf at

Transect 2, Navy Barrigada.
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BioSystems Anaysis, Inc. (1989)
identified no threatened  or
endangered  species a  Navy
Barrigada. Likewise, no plant species
listed as threatened or endangered
were identified  within  Navy
Barrigada during the current survey.

Live specimens of the Pacific tree
snail (Partula radiolata) were found
on fago (Neisosperma oppositifolia)
along Transect 2 in the central sector
(Figure 3.3-7). The Pacific tree snall
Is listed as threatened on the local
endangered specieslist.
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3.3.5.2 Species of Concern

BioSystems Analysis, Inc. (1989) reported that no
species or habitats of concern were found at Navy
Barrigada. The current survey found one species
of concern, fadang (Cycas micronesica), which is
considered a SOGCN by the local Department of
Agriculture. Fadang was found along Transects 1
and 2, with densities of 3.81 and 0.61 trees per
100 SM, respectively. Specimens were not in
good health and often topped by epiphytes, such
as bird’s nest fern (Asplenium nidus) (see Figure
3.3-1). BioSystems Analysis, Inc. (1989) cited
fadang among the dominant species in the
limestone forest at Navy Barrigada.

The presence of other uncommon species found
in the current survey was also noted. These
include Nervilia aragoana (Orchidaceae), an
indigenous ground orchid, and Eulophia
graminea (Orchidaceae), a possibly introduced
ground orchid (Figure 3.3-8).

Figure 3.3-8. Eulophia graminea on Transect 1, -
Navy Barrigada.

3.4 Andersen South

3.4.1 Location

The Andersen South Housing Area, commonly known as Andy South, is an approximately
2,432-acre area located in the northeastern sector of Guam, inland and adjacent to Route No. 15.
The official name is the Marianas Bonins Command (MARBO) Annex. Andy South comprises
residential units in the southern sector, and scattered infrastructure facilities in the remaining
areas, however, the mgjority of the Annex is undevel oped.

3.4.2 Quantitative Observations

Quantitative surveys were performed aong 6
transects in the forested sectors. Transects 1
through 3 were within the central area (Figure
3.4-1), Transect 4 was in the southwestern sector,
and Transects 5 and 6 were in the northwestern
sector (Attachment A).

The point-center quarter survey results are
summarized in Table 3.4-1. The overal density
for the six transects was calculated at 21.96 trees

Figure 3.4-1. Averrhoa bilimbi stand along

Transect 3, Andersen South.
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per 100 SM. The native pago (Hibiscus tiliaceus) is an important species in these forests. Pago
had the highest relative density (approximately 24%) (Figure 3.4-2) and highest frequency
among species, with specimens quantified on five of the six transects. Pago was aso the third
most dominant species at Andy South, following the introduced pickle tree (Averrhoa bilimbi)

and endemic paipai (Guamia mariannae).

Averrhoa and another introduced species,

tangantangan (Leucaena leucocephala), followed pago with the next highest frequencies at
approximately 33 each. Averrhoa was common along the transects in the central sector (see
Figure 3.4-2); however, it was recorded on every transect at Andy South. Aside from pickle tree,
other non-native species in the survey, such as papaya (Carica papaya) and custard apple
(Annona reticulata), produce edible fruits that are likely dispersed by ungulate activity.

Table 3.4-1

POINT-CENTER QUARTER METHOD RESULTS FOR LIMESTONE FOREST
AS-1 THROUGH AS-6, ANDERSEN SOUTH, MARCH 2008

TOTAL MEAN
NO. TREES |NO. SPECIES |[BASAL AREA |BASAL AREA|ABSOLUTE ABSOLUTE

SPECIES STATUS |IN QTRS. IN 100 SM (sg. cm) (sg. cm) DOMINANCE FREQUENCY

Averrhoa bilimbi [ 33 3.55 5575.11 168.94 600.16 33.33
Guamia mariannae N 14 151 4677.56 334.11 503.54 21.57
Hibiscus tiliaceus N 48 5.17 4139.79 86.25 445.65 49.02
Leucaena leucocephala | 37 3.98 3742.11 101.14 402.84 33.33
Morinda citrifolia N 12 1.29 3551.99 296.00 382.37 19.61
Premna obtusifolia N 10 1.08 3211.63 321.16 345.73 11.76
Pimenta racemosa | 1 0.11 1734.07 1734.065 186.67 1.96
Neisosperma oppositifolia | 12 1.29 1585.69 132.14 170.70 17.65
Carica papaya [ 3 0.32 1328.73 442.91 143.04 3.92
Cycas micronesica N 8 0.86 1117.92 139.74 120.34 11.76
Pandanus tectorius N 4 0.43 475.32 118.83 51.17 7.84
Vitex parviflora [ 2 0.22 415.12 207.56 44.69 3.92
Glochidion marianum N 3 0.32 328.50 109.50 35.36 3.92
Annona reticulata | 3 0.32 127.84 42.61 13.76 3.92
Eugenia reinwardtiana N 6 0.65 103.11 17.18 11.10 5.88
Cestrum diurnum [ 1 0.11 91.56 91.56 9.86 1.96
Aglaia mariannensis N 2 0.22 43.36 21.68 4.67 3.92
Triphasia trifolia | 2 0.22 16.89 8.45 1.82 3.92
Ficus tinctoria [ 2 0.22 10.31 5.15 1.11 1.96
Scaevola taccada N 1 0.11 4.91 4.91 0.53 1.96
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Note: (N) indicates native species; others are introduced.
Figure 3.4-2. Relative density (%) of tree species at Andersen South (Transects 1 to 6).

Of the 20 tree species quantified on the transects, 12 species are native to Guam (Figure 3.4-2).
These native species had a collective relative density of 60% at Andy South (Figure 3.4-3). Vitex
parviflora is a rapidly spreading introduction that is becoming dominant in many of Guam’'s
forests (Department of Agriculture, 2006); however, Vitex accounted for less than 2% of the
relative density at Andy South with only two specimens quantified on the transects. These
specimens had mean basal area of 207 sg. cm, which places them among the larger trees in the
forest. The introduced bay-rum tree (Pimenta racemosa), a relative of alspice (P. dioica), was
encountered in the northwestern sector. Although only one specimen was quantified at Andy
South (Transect 5), it was fairly large with a basal area of over 1,700 sg. cm. Bay-rum can be
invasive, particularly in southern Guam.

One species that was noticeably absent or in low numbers at Andy South was dugdug or dokdok,
the native seeded breadfruit (Artocarpus mariannensis). A few trees were seen but not surveyed
on Transect 4. Dugdug is a characteristic species of native limestone forests in northern Guam
(Fosberg, 1960). Specimens of native breadfruit were observed in other sectors of the Annex
(i.e., east of Transect 1) that were not included in the sampled areas. The recruitment and
distribution of seeded breadfruit at Andy South may be affected by typhoons and ungulate
activity, asin other areas of theisland.
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Figure 3.4-3. Relative density (%) of tree species at Andersen South Transect 7.
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Figure 3.4-3. Relative density of native tree species at Andersen South, Transects 1to 6.
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Plots conducted at stations along the six transects quantified more native than introduced
seedlings of woody species (Figure 3.4-4). Native species had a mean density of approximately
4 seedlings/SM; in comparison, introduced species had a mean density of less than 2
seedlings/SM.

Andsersen South

Mean Woody
Seedling Density/SM
(¥ ]

Native Introduced

Figure 3.4-4. Mean density of woody seedlings along all transects at Andersen South.

3.4.3 Habitat Quality

The habitat quality at Andersen South may be described through the level of ungulate activity,
percent of native species, and overall species richness.

Among the six transect, the calculated species richness was highest for Transect 4 (Figure 3.4-5).
Although more points were sampled for Transect 4, rarefaction indicates that it does have a
higher species richness than transects with fewer samples. The overall species richness curve for
the combined transects is shown in Figure 3.4-6. The forest along Transect 4 is the most intact
among the six areas sampled in terms of canopy. The native species ratio is aso higher than
other Andy South transects, with 10 of the 14 tree species either native or endemic to Guam or
the Marianas.
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Figure 3.4-5. Species richness of trees along each transect at Andersen South.

Speciesrichness

25

20

15

10

Richness at Andy South
= Richness
....... 95%Cl (-)
....... 95% Cl (+)
0] 50 100 150 200 250

Abundance

Figure 3.4-6. Species richness of trees along all transects at Andersen South.
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The ground cover at Andersen South was quantified for all transects (Figure 3.4-7). Calculations
showed leaf litter had the highest mean frequency (11.7) among the four categories of cover.
Transects in the central sector of the Annex had high levels of leaf litter mostly beneath pickle
tree (Averrhoa bilimbi) stands.

Andersen South
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Figure 3.4-7. Mean frequency of ground cover along all transects at Andersen South.

The measure of ungulate activity for all transects revealed that rooting and rubbings were the
most common observations, with mean frequencies of 0.59 and 0.50, respectively (Figure 3.4-8).
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Figure 3.4-8. Mean frequency of ungulate activity along all transects at Andersen South.
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3.4.4 Threatened and Endangered Species and Species of Concern

3.4.4.1 Threatened and Endangered Species

No species listed as threatened or endangered were
identified within Andersen South during the current
survey.

3.4.4.2 Species of Concern

The only species of concern identified within
Andersen South during the current survey was the
native cycad or fadang (Cycas micronesica). The
Department of Agriculture’s Division of Aquatic and
Wildlife Resources lists fadang among the idand’s
Species of Greatest Conservation Need (SOGCN)
because of the threat from the introduced Asian cycad
scale (Department of Agriculture, 2006). Both healthy
and injured cycads were noted in the survey. Seven
specimens were quantified, with the highest density of
cycads observed on Transect 4 (3.61 trees per 100 SM)
(Figure 3.4-9).

Figure 3.4-9. Cycas micronesica along
Transect 4, Andersen South.

Incidental species that are not regulated or
managed under local or federal law were also
noted on the transects. These include water
root orchid or saiyaihayon (Nervilia aragoana)
(Figure 3.4-10), and (Zeuxine fritzii), an
inconspicuous ground orchid (Figure 3.4-11).

Figure 3.4-10. Nervilia aragoana in understory of
Transect 4, Andersen South.

Figure 3.4-11. Zeuxine fritzii in understory of
Transect 5, Andersen South.

3-32



Vegetation Survey of Various DOD and Non-DOD Lands Chapter 3.0

3.5 Naval Munitions Site

3.5.1 Location

The Naval Munitions Site (NMS) is located in southwestern Guam in the municipality of Agat.
NMS is approximately 8,800 acres in size and was formerly known as Naval Magazine and as
Ordnance Annex. The site encompasses ordnance storage and disposal, potable water supply
infrastructure, and vast
areas of watershed and
natural communities.

3.5.2 Previous
Studies

Severa studies have been
conducted in NMS that
address the plant
communities. BioSystems
Anaysis, Inc. (1989)
performed vegetation
studies a NMS that
characterized the plant
communities and identified
species of concern. The
following plant
communities were
identified at NMS: Figure 3.5-1. Pandanus-dominated ravine forest along Transect 1,
limestone forest (1,767 NMS.

acres); degraded limestone

forest (220 acres); ravine forest (3,091 acres); degraded ravine forest (927 acres); savanna (2,063
acres); and freshwater wetland (86 acres).

3.5.3 Quantitative Observations

Quantitative surveys were performed in 2008 and 2009 along transectsin ravine forest, limestone
forest, and a savanna grassland community (Transect 2). Ravine forest and limestone forest in
the northeastern sector were sampled along Transects 4, 5 and 6, which traversed or were in the
vicinity of stream channels. Transect 7 sampled ravine forest in the north-central sector near
active and former operations areas. Ravine forest was also sampled in the western portion of
NMS along Transects 1 and 3, which both cross stream channels. In the southern sector of NMS,
Transects 8 and 11 sampled the ravine forest and coconut grove surrounding the Explosive
Ordnance Disposa (EOD) Range. The faniok (Merrilliodendron megacarpum) forest around
Mt. Almagosa was sampled in Transect 9. Transect 10 sampled ravine forest along the Sadog
Gagu River, which drainsinto Fena Reservair.

Transect 1 was the longest and traversed the most variable terrain of the seven transects
conducted in northern NMS. The overal density for this transect was calculated at
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approximately 1,203 trees per hectare. The native kafu or screwpine (Pandanus tectorius) had
the highest relative density (over 50%) and was the most dominant species among the 11 tree
species encountered on the transect (Table 3.5-1 and Figure 3.5-1).

Tabl

e 3.5-1

NMS-1, NAVAL MUNITIONS SITE, APRIL 2008

POINT-CENTER QUARTER METHOD RESULTS FOR RAVINE FOREST

ABSOLUTE
NO. OF TOTAL BASAL [MEAN BASAL |COVER ABSOLUTE
SPECIES STATUS |TREES/ha |AREA (cm?) AREA (cm?) (m2/ha) FREQUENCY
Pandanus tectorius N 609.59 9929.16 132.39 8.07 83.78
Vitex parviflora I 65.02 2181.61 272.70 1.77 10.81
Glochidion marianum N 40.64 2139.01 427.80 1.74 13.51
Mangifera indica I 16.26 1977.70 988.85 1.61 2.70
Cocos nucifera I 3251 1934.33 483.58 1.57 8.11
Areca catechu | 162.56 1286.06 64.30 1.05 32.43
Cycas micronesica N 24.38 979.81 326.60 0.80 8.11
Calophyllum inophyllum N 89.41 425.19 38.65 0.35 18.92
Hibiscus tiliaceus N 113.79 375.18 26.80 0.30 18.92
Morinda citrifolia N 8.13 38.47 38.47 0.03 2.70
Melastoma malabathricum N 40.64 34.76 6.95 0.03 8.11
Key to Status: N = native; | = introduced.
(N) Morinda citrifolia ‘ ‘ ‘ ‘
Mangifera indica . .
Relative Density
(N) Cycas micronesica
_ Transect 1
Cocos nucifera
(N) Melastoma malabathricum
(N) Glochidion marianum
Vitex parviflora
(N) Calophyllum inophyllum
(N) Hibiscus tiliaceus
Areca catechu
(N) Pandanus tectorius
0 10 20 30 40 50 60
Relative Density (%)

Note: (N) indicates native species; others are introduced.

Figure 3.5-2. Relative density (%) of trees along Transect 1, NMS

Native species accounted for approximately 70% of the relative density among the eleven tree
species quantified along Transect 1 (Figure 3.5-3).
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Figure 3.5-3. Relative density of native tree species in Transect 1.

The ravine forest sampled in Transect 3 had a density of approximately 1,700 trees per hectare.
Betelnut palms (Areca catechu), which are thought to be an aborigina introduction, had the
highest relative density (29%) among the seven species on the transect. Aside from betelnut and
Vitex parviflora, the transect comprised native species that accounted for approximately 67% of
the relative density (Figure 3.5-4).

Relative Density
Transect 3, NMS

Vitex parviflora

(N) Glochidion marianum

(N) Cycas micronesica

(N) Calophyllum inophyllum
(N) Pandanus tectorius
(N) Hibiscus tiliaceus

Areca catechu
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Note: (N) indicates native species; others are introduced.
Figure 3.5-4. Relative density (%) of trees along Transect 3, NMS.

The transects in the northeastern sector (Transects 4 through 6) revealed a calculated density of
approximately 5,261 trees per hectare (Table 3.5-2). The native kafu (P. tectorius) had the
highest cover and third highest relative density (about 17%) among the 11 tree species in the
transects (Table 3.5-2, Figure 3.5-5). The introduced and often invasive bay-rum (Pimenta
racemosa) had the highest relative density (about 20%), followed closely by native pago (H.
tiliaceus) with about 19%. Both native gulos (Cynometra ramiflora) and introduced lemonchina
(Triphasia trifolia) had densities of about 16%. These five species each had relative densities
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exceeding 15%; in contrast, on Transect 1 the relative density of kafu was dlightly more than
50% and the densities of the remaining species were |less than 14%.

Table 3.5-2

POINT-CENTER QUARTER METHOD RESULTS FOR RAVINE FOREST

NMS-4, NMS-5, NMS-6, NAVAL MUNITIONS SITE, MARCH 2008

ABSOLUTE
NO. OF TOTAL BASAL |MEAN BASAL |COVER ABSOLUTE
SPECIES STATUS |TREES/ha |AREA (cm?) AREA (cm?) (m2/ha) FREQUENCY
Pandanus tectorius N 899.91 1381.09 106.24 9.56 31.58
Hibiscus tiliaceus N 969.14 637.31 45.52 4.41 31.58
Cynometra ramiflora N 830.69 467.45 38.95 3.24 31.58
Triphasia trifolia I 830.69 408.91 34.08 2.83 21.05
Cerbera dilatata N 276.90 212.49 53.12 1.47 5.26
Pimenta racemosa | 1038.36 167.13 11.14 1.16 31.58
Vitex parviflora | 138.45 63.78 31.89 0.44 10.53
Areca catechu | 69.22 62.18 62.18 0.43 5.26
Pandanus dubius N 69.22 38.47 38.47 0.27 5.26
Eugenia reinwardtiana N 69.22 19.63 19.63 0.14 5.26
Key to Status: N = native; | = introduced.
(N) Eugenia reinwardtiana i ‘ ‘ ‘
(N) Discocalyx megacarpum ™ Relative Density
(N) Pandanus dubius [
Areca catechy ™= Northeastern NMS
Vitex parviflora f—
(N) Cerbera dilatata [T
(N) Cynometra ramiflora
Triphasia trifolia
(N) Pandanus tectorius
(N) Hibiscus tiliaceus
meenfaracemo.sa W
0 5 10 15 20 25
Relative Density (%)

Note: (N) indicates native species; others are introduced.

Figure 3.5-5. Relative density (%) of trees along Transects 4, 5 and 6, NMS.

The ravine forest sampled along Transect 7 had a calculated density of approximately 1,791 trees
per hectare (Table 3.5-3). The four highest relative densities were for species native to Guam
(i.e., Hibiscus tiliaceus, Cynometra ramiflora, Pandanus tectorius, and Cerbera dilatata), which
had relative densities ranging from about 33% to 10% (Figure 3.5-6).
accounted for less than 13% of the relative density among the nine species on the transect.
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Table 3.5-3

POINT-CENTER QUARTER METHOD RESULTS FOR RAVINE FOREST
NMS-7, NAVAL MUNITIONS SITE, MARCH 2008

ABSOLUTE
NO.OF |[TOTAL BASAL (MEAN BASAL |COVER ABSOLUTE

SPECIES STATUS |TREES/ha|AREA (cm?) AREA (cm?) (m?/ha) FREQUENCY

Cerbera dilatata N 179.09 0.00 842.76 15.09 20
Pandanus tectorius N 313.41 0.00 79.83 2.50 50
Hibiscus tiliaceus N 582.04 0.00 31.86 1.85 50
Cynometra ramiflora N 402.95 0.00 23.51 0.95 40
Areca catechu | 44.77 0.00 132.67 0.59 10
Pimenta racemosa | 134.32 0.00 6.62 0.09 20
Vitex parviflora I 44.77 0.00 12.56 0.06 10
Eugenia reinwardtiana N 44.77 0.00 6.60 0.03 10
Discocalyx megacarpum N 44.77 0.00 6.60 0.03 10

Key to Status: N = native; | = introduced.

(N) Discocalyx megacarpum
Vitex parviflora

Areca catechu

(N)Eugenia reinwardtiana
Pimenta racemosa
(N)Cerbera dilatata

(N) Pandanus tectorius
(N)Cynometra ramiflora

(N)Hibiscus tiliaceus

Relative Density
Transect 7, NMS

0] 5

10 15

20 25

30

35

Note: (N) indicates native species; others are introduced.

Figure 3.5-6. Relative density (%) of trees along Transect 7, NMS. Native species are

indicated

by (N).

The ravine forest in the southwestern sector of the annex was sampled along Transects 8 and 11,
located south and west of the EOD Range, respectively. The survey revealed an overall density
of about 1,500 trees per hectare. Coconut (Cocos nucifera) and betelnut palms were dominant
with native kafu (Pandanus tectorius) in terms of density, dominance and frequency (Table 3.5-
4). The remaining species had low relative densities (Figure 3.5-7). The native cycad or fadang
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(Cycas micronesica) was represented by two specimens with a mean basal area of 630 cm?; both
trees were sampled on Transect 8.

Table 3.5-4

POINT-CENTER QUARTER METHOD RESULTS FOR RAVINE FOREST

NMS-8 AND NMS-11, NAVAL MUNITIONS SITE, DEC. 2008

ABSOLUTE
NO. OF TOTAL BASAL [MEAN BASAL |COVER ABSOLUTE

SPECIES STATUS |TREES/ha |AREA (cm?) AREA (cm?) (m2/ha) FREQUENCY

Cocos nucifera I 723.02 52974.40 529.74 38.30 69.23
Pandanus tectorius N 332.59 4026.92 87.54 2.91 53.85
Areca catechu | 289.21 2868.03 71.70 2.07 40.38
Vitex parviflora | 21.69 1558.74 519.58 1.13 3.85
Cycas micronesica N 14.46 1261.93 630.96 0.91 3.85
Hibiscus tiliaceus N 79.53 359.91 32.72 0.26 11.54
Cananga odorata | 7.23 289.38 289.38 0.21 1.92
Triphasia trifolia | 7.23 66.44 66.44 0.05 1.92
Bambusa vulgaris | 7.23 46.54 46.54 0.03 1.92
Cassia alata I 7.23 36.30 36.30 0.03 1.92
Morinda citrifolia N 7.23 35.24 35.24 0.03 1.92
Pandanus dubius N 7.23 15.90 15.90 0.01 1.92

Key to Status: N =

native; | = introduced.

(N)
(N)

(N) Cycas micronesica
(N) Hibiscus tiliaceus

(N) Pandanus tectorius

Triphasia trifolia
Pandanus dubius
Morinda citrifolia

Cassia alata
Cananga odorata
Bambusa vulgaris

Vitex parviflora
Areca catechu

Cocos nucifera

Relative Density
Transects 8 and 11, NMS

20

30 40

Relative Density (%)

50 60

Note: (N) indicates native species; others are introduced.

Figure 3.5-7. Relative density (%) of trees along Transects 8 and 11, NMS.

The limestone forest in the valey and slopes surrounding Mt. Almagosa was sampled on
Transect 9 (Table 3.5-5). The overall density was calculated at approximately 2,637 trees per
hectare. The forest is characterized by the dominant faniok (Merrilliodendron megacarpum)
trees that comprised over 63% of the relative density (Figure 3.5-8). Faniok had an absolute
cover of 21.31 m?/ha, well above any other species on the transect. Since faniok has a limited
distribution on Guam, this is an uncommon forest type with few known stands, such as at the
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Haputo ERA in North Finegayan and near Mt. Jumullong-Manglo. Kafu (Pandanus tectorius)
trees are an important component after faniok, forming dense, impenetrable patches where the
canopy is open and fragmented. In areas where the canopy is more intact, the humid understory
encourages the growth of lush ferns and mosses that blanket the dissected limestone karst. The
uncommon terrestrial fern Heterogonium pinatum, and ground orchid Calanthe triplicata, are
found in this area, with its unusual juxtaposition of high limestone ridges and freshwater springs.

Table 3.5-5

NMS-9, NAVAL MUNITIONS SITE, DEC 2008

POINT-CENTER QUARTER METHOD RESULTS FOR LIMESTONE FOREST

ABSOLUTE
NO. OF TOTAL BASAL |[MEAN BASAL [COVER ABSOLUTE

SPECIES STATUS|TREES/ha |AREA (cm?) AREA (cm?) (m2/ha) FREQUENCY

Merrilliodendron megacarpum N 1673.73 8402.10 127.30 21.31 76.92
Pandanus tectorius N 481.83 1093.07 57.53 2.77 30.77
Areca catechu | 76.08 255.79 85.26 0.65 11.54
Morinda citrifolia N 25.36 254.34 254.34 0.64 3.85
Aglaia mariannensis N 50.72 224.82 112.41 0.57 3.85
Ficus tinctoria N 25.36 162.53 162.53 0.41 3.85
Premna obtusifolia N 50.72 119.12 59.56 0.30 7.69
Guettarda speciosa N 25.36 103.82 103.82 0.26 3.85
Guamia mariannae N 50.72 80.61 40.31 0.20 3.85
Cestrum diurnum | 50.72 78.37 39.18 0.20 7.69
Ixora triantha N 50.72 33.17 16.58 0.08 7.69
Discocalyx megacarpa N 76.08 15.05 5.02 0.04 11.54

Key to Status: N = native; | = introduced.

(N) Morinda citrifolia
(N) Guettarda speciosa

(N) Ficus tinctoria

(N) Ixora triantha

(N) Guamia mariannae
Cestrumdiurnum

(N) Aglaia mariannensis

(N) Premna obtusifolia

Areca catechu

(N) Discocalyx megacarpa

(N) Pandanus tectorius

(N) Merrilliodendron megacarpum

Relative Density
Transect 9, NMS

20 30

40 50

Relative Density (%)
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Note: (N) indicates native species; others are introduced.

Figure 3.5-8. Relative density (%) of trees along Transect 9, NMS.
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Native species comprised 95% of the relative density of tree species aong Transect 9 (Figure
3.5-9). The remaining 5% comprised two introduced but naturalized species, betelnut (Areca
catechu) and tintanchina (Cestrum diurnum), which are long-established on Guam (Stone, 1970).

5%

B INTRODUCED
B NATIVE

95%

Figure 3.5-9. Relative density of native tree species along Transect 9, NMS.

Transect 10 sampled the ravine forest along theSadog Gagu River in the southern sector of the
annex. Point-center quarter results revealed an overall tree density of approximately 1,474 trees
per hectare. Two introduced and naturalized species, coconut (Cocos nucifera) and Vitex
parviflora, outranked all other species with cover values of 13.46 m?/ha and 8.02 m?/ha,
respectively (Table 3.5-6). Vitex also had the highest relative density (28%), followed by the
betelnut palm or pugua (Areca catechu) (22%) (Figure 3.5-10). The overall relative density of
native species was approximately 34% (Figure 3.5-11), which is lower than the densities
observed in ravine forest transects in the northern sectors of the annex.

Table 3.5-6

POINT-CENTER QUARTER METHOD RESULTS FOR RAVINE FOREST
NMS-10, NAVAL MUNITIONS SITE, DEC 2008

ABSOLUTE
NO. OF TOTAL BASAL |[MEAN BASAL |COVER ABSOLUTE

SPECIES STATUS|TREES/ha |AREA (cm?) AREA (cm?) (m2?/ha) FREQUENCY

Cocos nucifera | 212.71 9488.12 632.54 13.46 42.31
Vitex parviflora | 411.25 5657.10 195.07 8.02 50.00
Pandanus tectorius N 226.89 1917.52 119.84 2.72 38.46
Cycas micronesica N 70.90 1208.79 241.76 1.71 15.38
Areca catechu | 326.16 1155.85 50.25 1.64 42.31
Pandanus dubius N 85.09 537.38 89.56 0.76 11.54
Hibiscus tiliaceus N 113.45 405.92 50.74 0.58 15.38
Cananga odorata | 14.18 268.67 268.67 0.38 3.85
Carica papaya | 14.18 122.66 122.66 0.17 3.85
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Relative Density
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Note: (N) indicates native species; others are introduced.

Figure 3.5-10. Relative density (%) of trees along Transect 10, NMS.

H Introduced

W Native

Figure 3.5-11. Relative density of native tree species in Transect 10.

Plots performed in the northern NMS revealed a lower native woody seedling desnity of
approximately 1.83 seedlings per square meter compared with introduced seedlings, which had a
denstiy of about 2.44 seedlings per square meter (Figure 3.5-12). Transect 4 in the northeastern
sector had a particularly high desnity of bay-rum (Pimenta racemosa) seedlings, which
contributed to the higher overall desnsity of introduced seedling species. Bay-rum appears to be
thriving in the northeastern sector, possibly in part because of its prolific seed production.

The southern sector of NMS had a native woody seedling density of about 17.19 seedlings per
square meter (Figure 3.5-13). This was higher than the density of introduced seedlings of
approximately 1.06 seedlings per square meter. Native mapunao (Aglaia mariannensis) trees
were prolific seedling producers on Transect 9, which contributed to the higher native seedling
density in southern NMS.
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Figure 3.5-12. Mean density of woody seedlings along Transects 1 through 7, NMS.
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Figure 3.5-13. Mean density of woody seedlings along Transects 8 through 11, NMS.

3.5.4 Habitat Quality

Certain aspects of the plant communities may provide a general indication of the quality of the
habitat at Naval Munitions Site. These include ungulate activity, the presence of erosion, percent
of native plant species, and overall species richness. Among the transects sampled in northern
NMS, species richness was highest for Transect 5, followed by Transects, 7, 1, 6, 3 and 4,
respectively (Figure 3.5-14). Transect 1 and Transect 7 appear to have similar points of
inflection; rarefaction would indicate that richness is similar among these transects although
fewer samples were obtained for Transect 7.
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Figure 3.5-14. Species richness of trees along transects at northern NMS.

Species richness curves indicate a higher species richness for Transect 9 in the Merrilliodendron
forest than for other transects in southern NMS (Transects 8, 10, and 11) (Figure 3.5-15).
Transect 9 also had the highest relative density of native versus introduced species among all
transect at NMS (Table 3.5-7).

Figure 3.5-15. Species richness of trees along Transects 8 through 11, NMS.

Overall, the lowest species richness in the southern NMS was along Transect 11 in the ravine
forest west of the EOD Range, which contained only 7 tree species. This forest contains a high
proportion of coconut (Cocos nucifera) (approximately 55% of the relative density) among

3-43



Vegetation Survey of Various DOD and Non-DOD Lands Chapter 3.0

mostly kafu (Pandanus tectorius), betelnut (Areca catechu), and pago (Hibiscus tiliaceus) trees.
In the northern NM S, the lowest species richness was observed along Transect 4 (see Figure 3.5-
14); only 5 species were sampled on this transect, which contained similar relative densities of
native and introduced species.

Table 3.5-7
SUMMARY OF RELATIVE DENSITY OF TREE SPECIES AT NMS
Transect % Native % Introduced Total species
1 69.59 30.41 11
3 67.86 32.14 7
4 46.43 53.57 5
5 40.00 60.00 8
6 89.29 10.71 7
7 87.50 12.50 9
8 25.93 74.07 9
9 95.00 5.00 12
10 66.35 33.65 9
11 33.00 67.00 7

Ungulate activity was quantified at stations along Transects 1 through 11 (Figures 3.5-16 and
3.5-17). Soil disturbance, such as rooting, had the highest mean frequency, followed by
browsing. Erosion, vegetation damage and other disturbance from wild pigs (Sus scrofa), deer
(Cervus unicolor), and carabao (Bubalis bubalis) are considered major problems at the annex.
The ungulate activity was especially conspicuous along Transect 11 in southern NMS, where
active wallows, rooting and live feral pigs were observed.

Northern NMS
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o
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Figure 3.5-16. Mean frequency of ungulate activity along Transects 1 through 7.
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Figure 3.5-17. Mean frequency of ungulate activity along Transects 8 through 11.

The ground cover quantified along Transects 1 through 11 revealed that leaf litter had the highest
mean frequency among the four cover classes in the northern and southern NM S (Figures 3.5-18
and 3.5-19). The lowest mean frequency in both areas of NMS was for bare rock, although this
cover class had a dlightly higher frequency in southern NMS.

Northern NMS

10 A

+/- 1 Standard Error

Mean frequency
=}

2 | -
0]

Rock Soil Litter Live Vegetation

Figure 3.5-18. Mean frequency of ground cover along along Transects 1 through 7, NMS.
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Figure 3.5-19. Mean frequency of ground cover along along Transects 8 through 11, NMS.

3.5.5 Threatened and Endangered Species and Species of Concern

3.5.5.1 Threatened and Endangered
Species

The only federadly or locally listed
species identified a NMS by
BioSystems Analysis, Inc. (1989) was
the tree fern tsatsa (Cyathea lunulata),
which is locally protected as an
endangered species. No tree ferns or
other listed species were observed at
NMS during the current survey.

3.5.5.2 Species of Concern

BioSystems Analysis, Inc. (1989)
cited the presence of severa rare but
unprotected species at NMS. These
are listed below:

Figure 3.5-20. Faniok (Merriolliodendron megacarpum) forest
along Transect 9, NMS.

e Thelypteris warburgii, a fern indigenous to Guam and Papua New Guinea that occurs
only at NM S along the Bonya, Tolagyuus and Maemong Rivers.

Eria rostiflora, an epiphytic orchid found only at NMS.

Coelogyne guamensis, an epiphytic orchid found locally only at NMS.
Nervilia platychila, aground orchid found locally only at NMS.
Maesa sp., atree found locally only at NMS.

Fagraea berteriana, a native tree found locally only at NMS.
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[ ]
3.5-20).

The current survey found Thelypteris
warburgii near Transects 5 and 6, with only
one plant at each site (Figure 3.5-21). T.
warburgii is also considered a species of
concern by the U.S. Fish and Wildlife
Service (USFWS, 2005). Merrilliodendron
megacarpum was quantified in the forest
stands aong Transect 9 around Mt.
Almagosa (see Figure 3.5-20). A few
specimens of Fagraea berteriana were
observed along Transects 1 and 9, some of
which were flowering and fruiting.

Figure 3.5-22. Tuberolabium guamensis along
Transect 5, NMS.

Merrilliodendron megacarpum, a native tree with limited distribution on Guam (Figure

Figure 3.5-21. Thelypertis warburgii along
Bonya River, NMS.

The following uncommon species were also
noted along transects at NMS, athough they
are not regulated or managed by the federal or
local authorities. Heterogonium pinnatum, a
terrestrial fern; Hedyotis laciniata, an endemic
herb of the savannas; Tuberolabium
(Trachoma) guamensis, an endemic epiphytic
orchid found on Guam and Rota (Figure 3.5
22; and Luisia teretifolia, an indigenous
epiphytic orchid found on Guam and Rota
(Figure 3.5-23).

The Guam Department of Agriculture lists
fadang (Cycas micronesica) among the six
plant species of greatest conservation need
(SOGCN) (Department of Agriculture,
2006). This was the only SOGCN
observed during the current survey. Inthe
northern sector of NMS, fadang had a
relative density of less than 4% on
Transects 1 and 3; it was not sampled on
other transects in northern NMS. On
transects in the southern sector of NMS,
fadang appeared only on Transects 8 and
10, where it had relative densities of

approximately 2% and 4%, respectively.

Figure 3.5-23. Luisia teretifolia along Transect 7, NMS.
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3.6 Orote Peninsula

3.6.1 Location

The Orote Peninsula extends into
the Philippine Sea, forming the
southern boundary of Outer Apra
Harbor. The steep escarpments
overlooking the ocean and strict
security associated the Navy’'s
ammunition wharf (Kilo Wharf)
have kept the Peninsularelatively
inaccessible to  unauthorized
persons and feral ungulates.

3.6.2 Previous Studies

BioSystems Analysis Inc. (1988) ) )
described the limestone forest Figure 3.6-1. Limestone karst topography of Orote Peninsula.

that lines the southern and Native fad:ng (cjyca: m:crones:c(c;)I a:cndfur:umhu (Pisonia gr.anflls)
western cliffs of Orote Peninsula trees are shown in the center and left of the photo, respectively.

as the largest in the Apra Harbor complex, with the best forest located in the western sector of
the Peninsula. The study identified Tristiropsis acutangula, Neisosperma oppositifolia, Ficus
prolixa, and Heritiera longipetiolata, anong others, as the dominants in the limestone forest.
The Peninsula has also undergone studies associated with the development of the ammunition
wharf (VTN Peacific, 1983) and its extension (Department of the Navy, 2007) on the northern
coast of the Peninsula. The vegetation survey for the extension of Kilo Wharf identified upland
forests and strand vegetation; the upland forests were further categorized as native limestone
forest, disturbed limestone forest, halophytic-xerophytic scrub, tangantangan (Leucaena
leucocephala) secondary forest, and coconut (Cocos nucifera) forest (I Tano’, 2006). The
overal forest density in the vicinity of the wharf was calculated as 92 trees per 100 m?, or
approximately 9,200 trees per ha. Tangantangan (Leucaena leucocephala) had the highest
density and frequency; the dominants based on biomass were Pisonia grandis and Calophyllum
inophyllum.

3.6.3 Quantitative Observations

Surveys were performed along a transect in the upper plateau to the west of the old runway in the
southern sector of Orote. The area has a rugged limestone karst topography (Figure 3.6-1).
Based on the transect results, the overall density in this sector of Orote is approximately 5,030
trees per hectare (Table 3.6-1). The limestone forest was characterized by native fago
(Neisosperma oppositifolia) trees, which comprised 28% of the relative density (Figure 3.6-2), or
approximately 1,414 trees per ha. The next highest densities were for the well-established but
non-native trees tangantangan (Leucaena leucocephala) and lemonchina (Triphasia trifolia),
with densities of 16% and 14%, respectively. Collectively, these introduced species, including
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papaya (Carica papaya), comprised 33% of the relative density. The remaining 73% of the
relative density comprised native species, including the Mariana Islands endemic species Aglaia
mariannensis and Tabernaemontana rotensis.

Table 3.6-1
POINT-CENTER QUARTER METHOD RESULTS FOR LIMESTONE FOREST
OROTE PENINSULA, FEBRUARY 2008
ABSOLUTE
NO. OF TOTAL BASAL [MEAN BASAL |COVER ABSOLUTE

SPECIES STATUS|TREES/ha |AREA (cm?) AREA (cm?) (m?/ha) FREQUENCY

Ficus prolixa N 235.78 2651.70 883.90 20.84 12.50
Pisonia grandis N 157.19 2060.95 1030.47 16.20 12.50
Tristiropsis acutangula N 235.78 2027.03 675.68 15.93 18.75
Neisosperma oppositifolia N 1414.67 717.11 39.84 5.64 56.25
Cycas micronesica N 235.78 454,71 151.57 3.57 18.75
Aglaia mariannensis N 314.37 364.22 91.06 2.86 18.75
Pandanus tectorius N 314.37 362.43 90.61 2.85 25.00
Leucaena leucocephala | 785.93 332.52 33.25 2.61 37.50
Triphasia trifolia | 707.33 135.84 15.09 1.07 37.50
Carica papaya | 78.59 66.44 66.44 0.52 6.25
Intsia bijuga N 78.59 59.57 59.57 0.47 6.25
Polyscias grandifolia N 78.59 41.46 41.46 0.33 6.25
Tabernaemontana rotensis N 78.59 26.96 26.96 0.21 6.25
Cynometra ramiflora N 157.19 19.82 9.91 0.16 12.50
Dendrocnide latifolia N 78.59 18.09 18.09 0.14 6.25
Aidia cochinchinensis N 78.59 10.17 10.17 0.08 6.25

Key to Status: N = native; | = introduced.

Absolute cover or dominance was highest for native Ficus prolixa (20.84 m?/ha), Pisonia
grandis (16.20 m?/ha), and Tristiropsis acutangula (15.93 m?/ha); each had total basal areas
exceeding 2,000 cm?. These species occupy the uppermost canopy of the forest. In comparison,
non-native Leucaena leucocephala, Triphasia trifolia, and Carica papaya, which occupy the
forest understory, had relatively modest absolute cover values below 3 m?/ha.

Absolute frequency was led by native fago (Neisosperma oppositifolia), a mid to upper canopy
tree, with a vaue of 56.25. The naturalized species, Triphasia trifolia and Leucaena
leucocephala, had the next highest absolute frequencies at 37.50 each. Leucaena is well-
distributed on Orote Peninsula, forming buffers between the periphery of the forest and cleared
areas. Leucaena had a density of 59.23 trees per 100 m? (5,923 trees per ha) and an absolute
frequency of 75 in forests sampled near the Kilo Wharf extension project on the northern coast of
the Peninsula (1 Tano’, 2006).
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Figure 3.6-2. Relative density (%) of trees at Orote Peninsula.

The woody seedling composition in plots at Orote consisted of about 84% native seedlings, with
a seedling density of 4.04 seedlings per m? (Figure 3.6-3). Introduced seedlings comprised
approximately 15%, with adensity of 0.76 seedlings per m2.
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Figure 3.6-3. Density of native and introduced woody seedlings at Orote Peninsula.

The native woody seedling density seemed to reflect the higher relative density of native tree
species quantified in the point-center quarter transect.
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3.6.4 Habitat Quality

Certain aspects of the plant communities may provide a general indication of the quality of the
habitat at the Route 15 study area. These include ungulate activity, the presence of erosion,
percent of native plant species, and overall species richness. The species richness curve does not
show a definite asymptote to indicate that richness has leveled off (Figure 3.6-4).

Tree species richness at Orote
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Figure 3.6-4. Species richness of trees at Orote Peninsula.

The mean frequency of ground cover in four categories was calculated based on quadrats (Figure
3.6-5). The categories of rock and vegetative litter had close mean frequencies; live vegetation
was very low and no bare soil was observed in quadrats.
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Figure 3.6-5. Mean frequency of ground cover at Orote Peninsula.
Orote Peninsula is considered free of ungulates because of its topography and relative isolation.
Nonetheless, the area was surveyed for soil disturbance or other activity attributed to ungulates,
however, no ungulate sign was recorded at Orote Peninsula along the vegetation transect.
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3.6.5 Threatened and Endangered Species and Species of Concern

3.6.5.1 Threatened and Endangered Species

Guam'’s only federally-listed plant species, the fire tree or trongkon guafi (Serianthes nelsonii), is
known to occur only at the northern tip of theidand (USFWS, 1993). BioSystems Analysis, Inc.
(1988) identified ufa halomtano (Heritiera longipetiolata) as the only listed species within Orote
Peninsula. Heritiera is listed as an endangered species by the Government of Guam under the
Endangered Species Act of Guam (5 GCA, Chapter 63), and is also considered a Species of
Greatest Conservation Need (Department of Agriculture, 2006). The areas below the Spanish
Steps and Orote cliffline contain significant numbers of ufa halomtano (BioSystems Analysis,
Inc. 1988). The survey for the extension of Kilo Wharf documented seven live individuals
(including one seedling) on the cliff south of the Wharf (I Tano’, 2006). No specimens of
Heritiera were found in the present survey, which sampled the forest on the southern region of
the Peninsula opposite the ammunition wharf.

3.6.5.2 Notable Species and Species of Concern

The following species of concern were
identified within Orote Peninsula during
the current survey:

e Tabernaemontana rotensis
(Apocynaceae) is an endemic tree
with distribution limited to the
islands of Guam and Rota. The
species was proposed for federal
listing under the U.S. Endangered
Species Act; however, this
candidacy status was removed in
2004. Tabernaemontana is
considered a Species of Greatest

Conservation Need by the
Government of Guam Figure 3.6-6. Tabernaemontana rotensis at Orote.
(Department of Agriculture, 2006). Herbivory and insect infestations are thought to be
the major threats to this species. Tabernaemontana was not detected by BioSystems
Analysis (1988) or during the survey for the extension of Kilo Wharf (I Tano’, 2006).
One live specimen was encountered in the current vegetation survey (Figure 3.6-6),
which appeared to be a healthy tree with a basal area of 26.96 cm2. No flowers, fruits, or
seedlings were observed.

e Pisonia grandis (Nyctaginaceae) is an indigenous tree considered important to the
recovery of the Micronesian kingfisher (Halcyon cinnamomina cinnamomina) as nesting
habitat. A density of 157 trees per hawas calculated for the survey at Orote.
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e Cycas micronesica (Cycadaceae) is listed by the Guam Department of Agriculture as a
Species of Greatest Conservation Need (SOGCN). This native cycad is under threat by
an introduced insect, the Asian scale (Aulacaspis yasumatsui).

Although they are not regulated or managed by the local or federal governments, several notable
species were observed at Orote and are discussed below.

e Tristiropsis acutangula (Balsaminaceae) is an indigenous tree of limited distribution on
Guam. Orote had the highest density of Tristiropsis (approximately 236 trees per ha)
among all DOD and non-DOD lands investigated in the current survey.

e Zeuxine fritzii (Orchidaceae) is an indigenous ground orchid found on forest floors. Feral
pigs are known threats through their rooting activities.

e Streblus pendulinus (Moraceae) is a shrub or small tree indigenous to Guam (Figure 3.6-
7). Streblus was not detected on any other transects on DOD or non-DOD lands in the
current survey.

3.7

Figure 3.6-7. Streblus pendulinus at
Orote.
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Route 15

3.7.1 Location

The Route 15 study area encompasses three contiguous parcels. Lot 7161-R1 (252.54 acres) in
the north; Andersen South MARBO Command “C”, Andersen Administrative Annex (AJJW)
(395.08 acres) located
adjacent and south of
this lot; and Lot 7164
(377.17 acres) located
adjacent and east of
both parcels along the
northeastern coast of
Guam. The study area
is bound by the Pacific
Ocean on the east and
Route 15 on the west.
The Andersen South
Housing Area (aso
known as MARBO
Base Command B-R5
or MARBO Annex) is
located to the west of
the site across Route 15.
The northern parcel is
actively quarried in
support of  on-going Figure 3.7-1. View of lower plateau sampled in Transect 3, Route 15.
long-term construction of the Guam Raceway Park, a multi-sport venue with a completed drag
racing strip and motocross track. Extensive sections of Lot 7161-R1 have been cleared and
graded, and much of the intact forest is limited to the coastal plateau, and northern and southern
peripheries. The southern parcel is mostly undeveloped with a network of overgrown jeep trails
among the second growth forest. This parcel is administered by Guam Economic Development
Authority (GEDCA) on behalf of the Guam Ancestral Lands Commission. The eastern parcel
(Lot 7164) lies below the northern and southern parcels. Agricultural leaseholders actively farm
assorted citrus and other fruit species on a portion of this lower limestone plateau.

3.7.2 Previous Studies

The northern parcel was previously surveyed as part of the environmental impact assessment
prepared by Duenas and Associates, Inc. (2000) for the existing Guam Raceway Park. The study
identified 115 vascular plant species in three plant communities. primary/secondary limestone
forest (158 acres), disturbed vegetation/grasslands (33 acres), and hal ophytic/xerophytic scrub on
cliff faces. Sixteen of the species documented in Lot 7161-R1 are endemic to the Mariana
Islands (Duenas and Associates, Inc., 2000). Quantitative data was collected in the study along
three 200-meter transects using the point-center quarter method. The data revealed absolute
densities of live trees of 50.3, 57.8 and 61.54 trees per 100 square meters, in the northern, central
and southern sectors, respectively (Duenas and Associates, Inc., 2000). For comparison with the
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current survey, these values were converted to 5,030, 5,748, and 6,154 trees per hectare,
respectively.

3.7.3 Quantitative Observations

Surveys were performed along three transects in the limestone forest communities of the Route
15 parcels. Transect 1 was located in the northeastern sector of Lot 7161-R1 along a north-south
axis; Transect 2 was located on the GEDCA parcel to the south along a north-south axis; and
Transect 3 was located along a north-south axis in Lot 7164 on the plateau below Transect 2
(Figure 3.7-1).

The quantitative observations
from the point-center quarter
survey aong Transect 1
revealed an absolute density
of approximately 3,148 trees
per hectare in Lot 7161-R1.
Native fadang (Cycas
micronesica) and ifil (Intsia
bijuga), and introduced
papaya (Carica papaya) were
the most dominant species,
with absolute cover values
from 3.73 to 533 m? per
hectare (Table 3.7-1).
Pengua (Macaranga
thompsonii), a  gpecies
endemic to the Marianas, was
the next most dominant
species with an absolute cover
of 3.08 m? per hectare. This
tree is a broad-leaved canopy species ranging from 5 to 12 m tall (Raulerson and Rinehart,
1991). Pengua appeared on all three transects. Fadang had the highest total basal area (2,100
cm?); however, sizeable specimens of ifil, a native hardwood, were also present. Ifil had the
highest mean basal area (293 cm?) based on five specimens sampled on the transect.

Figure 3.7-2. Eugenia reinwardtiana, or a’abang, in the limestone
forest of the lower plateau, Lot 7164.

The relative density was highest for paipai (Guamia mariannae), papaya, and mapunao (Aglaia
mariannensis), with relative densities of approximately 16%, 15% and 14.5%, respectively
(Figure 3.7-3). These species also had the highest absolute frequencies, indicating that they are
well-distributed along the transect.
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Table 3.7-1
POINT-CENTER QUARTER METHOD RESULTS FOR LIMESTONE FOREST
TRANSECT 1, RT. 15, DECEMBER 2008
ABSOLUTE
NO. OF TOTAL BASAL |MEAN BASAL |COVER ABSOLUTE

SPECIES STATUS|TREES/ha |AREA (cm?) AREA (cm?) (m2/ha) FREQUENCY

Cycas micronesica N 279.30 2100.84 190.99 5.33 29.03
Carica papaya | 482.43 1599.16 84.17 4.06 35.48
Intsia bijuga N 126.95 1468.32 293.66 3.73 16.13
Macaranga thompsonii N 177.74 1211.87 173.12 3.08 19.35
Aglaia mariannensis N 457.03 1178.10 65.45 2.99 38.71
Pandanus tectorius N 101.56 629.89 157.47 1.60 9.68
Guamia mariannae N 507.82 504.54 25.23 1.28 45.16
Mammea odorata N 50.78 466.33 233.16 1.18 6.45
Morinda citrifolia N 330.08 459.05 35.31 1.17 29.03
Premna obtusifolia N 101.56 382.75 95.69 0.97 12.90
Psychotria mariana N 101.56 329.43 82.36 0.84 12.90
Eugenia thompsonii N 25.39 218.93 218.93 0.56 3.23
Pisonia grandis N 25.39 172.46 172.46 0.44 3.23
Pipturus argenteus N 50.78 125.46 62.73 0.32 6.45
Dendrocnide latifolia N 25.39 63.59 63.59 0.16 3.23
Glochidion marianum N 25.39 58.06 58.06 0.15 3.23
Ixora triantha N 101.56 53.40 13.35 0.14 9.68
Neisosperma oppositifolia N 50.78 44.41 22.20 0.11 6.45
Melanolepis multiglandulosa N 50.78 28.36 14.18 0.07 3.23
Maytenus thompsonii N 25.39 12.56 12.56 0.03 3.23
Triphasia trifolia I 50.78 7.26 3.63 0.02 6.45

Key to Status: N = native; | = introduced.
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Note: (N) indicates native species; others are introduced.
Figure 3.7-3. Relative density (%) of trees at Rt. 15 Parcel.

The forest in the southern GEDCA parcel had an absolute density of 4,566 trees per hectare.
This was the highest overall density among the three transects in the Route 15 project area. On
this transect, the native & abang (Eugenia reinwardtiana) was dominant with an absolute cover
of 8.19 m? per hectare and an absolute density of 1,321 trees per hectare (Table 3.7-2). A’abang
was also well-dispersed, and had the highest frequency (57.69) among the 12 species on the
transect. Pengua (Macaranga thompsonii) had an even higher absolute cover (5.13 n? per
hectare) than in Transect 1, although absolute density was lower at 131.73 trees per hecatare.
The relative density of trees was highest for a abang at nearly 30%, followed by paipai (Guamia
mariannae) and kafu (Pandanus tectorius) at 20% and 13%, respectively (Figure 3.7-4). Fadang
(Cycas micronesica) had a lower absolute density (131.73 trees per hectare), absolute cover
(218.61 cm?), and absolute frequency (7.69) than in Transect 1 (see Table 3.7-1, Figure 3.7-3).
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Table 3.7-2
POINT-CENTER QUARTER METHOD RESULTS FOR LIMESTONE FOREST
TRANSECT 2, RT. 15, DECEMBER 2008
ABSOLUTE
NO. OF TOTAL BASAL [MEAN BASAL |COVER ABSOLUTE
SPECIES STATUS|TREES/ha |AREA (cm?) AREA (cm?) (m2/ha) FREQUENCY
Eugenia reinwardtiana N 1361.19 1865.37 60.17 8.19 57.69
Pandanus tectorius N 614.73 1551.13 110.79 6.81 30.77
Macarianga thompsonii N 131.73 1169.42 389.81 5.13 11.54
Guamia mariannae N 922.09 779.91 37.14 3.42 53.85
Cycas micronesica N 131.73 655.83 218.61 2.88 7.69
Aglaia mariannensis N 570.82 646.02 49.69 2.84 30.77
Ficus prolixa N 131.73 201.22 67.07 0.88 7.69
Cynometra ramiflora N 263.46 189.81 31.64 0.83 19.23
Ochrosia mariannensis N 131.73 86.95 28.98 0.38 11.54
Ficus tinctoria N 43.91 56.72 56.72 0.25 3.85
Triphasia trifolia | 219.55 36.76 7.35 0.16 15.38
Pouteria obovata N 43.91 12.56 12.56 0.06 3.85

Key to Status: N = native; | = introduced.

(N) Pouteria obovata ‘ ‘ ‘ ‘ ‘

(N) Ficus tinctoria

(N) Ficus prolixa Relative Density
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(N) Aglaia mariannensis
(N) Pandanus tectorius

(N) Guamia mariannae

(N) Eugenia reinwardtiana
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Note: (N) indicates native species; others are introduced.
Figure 3.7-4. Relative density (%) of trees along Transect 2, Route 15.

Transect 3, on the lower plateau of Lot 7164, was closest to sea level among the three transects
in the project area, but was further inland from the halophytic/xerophytic plant community along
the coast. The absolute density was approximately 3,183 trees per hectare. As with Transect 2,
a abang (Eugenia reinwardtiana) was a dominant component, with the highest absolute density
(937.92 trees per hectare), absolute cover (6.84 m? per hectare), and absolute frequency (67.86)
(Table 3.7-3).
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Table 3.7-3

POINT-CENTER QUARTER METHOD RESULTS FOR LIMESTONE FOREST
TRANSECT 3, RT. 15, DECEMBER 2008

ABSOLUTE
NO. OF TOTAL BASAL |MEAN BASAL |COVER ABSOLUTE

SPECIES STATUS|TREES/ha |AREA (cm?) AREA (cm?) (m2/ha) FREQUENCY

Eugenia reinwardtiana N 937.92 2407.77 72.96 6.84 67.86
Cycas micronesica N 284.22 1973.40 197.34 5.61 32.14
Neisosperma oppositifolia N 56.84 1676.52 838.26 4.76 7.14
Ficus tinctoria N 113.69 1638.75 409.69 4.66 3.57
Premna obtusifolia N 56.84 1210.86 605.43 3.44 7.14
Mamaea odorata N 454.75 1103.45 68.97 3.14 39.29
Intsia bijuga N 28.42 961.63 961.63 2.73 3.57
Macaranga thompsonii N 28.42 720.70 720.70 2.05 3.57
Aglaia mariannensis N 142.11 486.38 97.28 1.38 17.86
Hibiscus tiliaceus N 198.95 400.85 57.26 1.14 14.29
Morinda citrifolia N 85.27 275.64 91.88 0.78 10.71
Averrhoa bilimbi I 56.84 268.04 134.02 0.76 3.57
Guamia mariannae N 341.06 243.99 20.33 0.69 35.71
Cynometra ramiflora N 142.11 228.23 45.65 0.65 14.29
Ficus prolixa N 56.84 96.94 48.47 0.28 3.57
Citrus aurantifolia | 56.84 66.33 33.17 0.19 3.57
Triphasia trifolia I 85.27 50.91 16.97 0.14 3.57
Maytenus thompsonii N 28.42 9.62 9.62 0.03 3.57
Annona reticulata I 28.42 7.54 7.54 0.02 3.57

Key to Status: N = native; | = introduced.
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Figure 3.7-5. Relative density (%) of trees along Transect 3, Route 15.

The mean woody seedling density was calculated for the three transects at Route 15 (Figure 3.7-
6). Native seedlings exceeded mean density of 6 seedlings per m?, compared with a mean
density of approximately 1 seedling per m?2 for non-native species.

Native seedlings outranked introduced seedlings in every transect (Figure 3.7-7), especiadly in
Transect 1. Non-native seedlings were nearly equivaent with native seedlings along Transect 3,
which can be attributed to the presence of naturalized introductions, such as Triphasia trifolia,
pickle tree (Averrhoa bilimbi), and custard apple (Annona reticulata), and some cultivated
species, such as sweetsop (Annona squamosa) and citrus trees.
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Figure 3.7-6. Mean woody seedling density for all transects, Route 15 (+ 1 S.E.).
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Figure 3.7-7. Percentage of native seedlings for each transect, Route 15.

3.7.4 Habitat Quality

Certain aspects of the plant communities may provide a genera indication of the quality of the
habitat at the Route 15 study area. These include ungulate activity, the presence of erosion,
percent of native plant species, and overal species richness. Species richness curves for
Transects 1 and 3 indicate higher richness for these areas than Transect 2 in the GEDCA parcel
south of Lot 7161-R1 (Figure 3.7-8).
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Figure 3.7-8. Species richness of trees along all transects at Route 15.

Leaf and vegetative litter had the highest frequency (8.7) among the four categories of ground
cover quantified on the three transects (Figure 3.7-9). Live vegetation (3.9), rock (2.3), and soil
(1.0) had significantly lower frequencies. Limestone rock outcrops were prevalent along all
three transects as a natural feature of the terrain.
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Figure 3.7-9. Mean frequency of ground cover along all transects at Route 15 (+ 1 S.E.).

Ungulate activity along all three transects was highest in the form of soil disturbance (0.4), such
as rooting or wallows (3.7-10). Rubbing and signs of browsing had similar frequencies
approaching 0.2, while other signs, such as scat, were least observed with a frequency of around
0.1
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Figure 3.7-10. Mean frequency of ungulate activity along all transects

at Route 15 (x 1 S.E.).

3.7.5 Threatened and Endangered Species and Species of Concern

3.7.5.1 Threatened and Endangered
Species

The previous survey in Lot 7161-R1
identified 22 ufa halomtano (Heritiera
longipetiolata) trees, with 184 associated
seedlings (Duenas and Associates, Inc.,
2000). This species is endemic to the
Marianas and is listed as endangered by the
Government of Guam, which considers
ungulate damage, typhoons, and infrequent
flowering as maor threats to the viability of
the population (Department of Agriculture,
2006). Other threats appear to be present,
since several of thetreesin Lot 7161-R1 were
infested with termites or ants, or were
parasitized by other plants, such as strangling
fig (Ficus spp.) (Duenas and Associates, Inc.,
2000). Several trees were left intact within a
designated conservation area at the Guam
Raceway Park as a required condition of the
Department of Agriculture.

Figure 3.7-11. Cycas micronesica with Nephrolephis
acutifolia epiphytes, Transect 1, Route 15.
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No ufa halomtano trees were observed on the present transects in Lot 7161-R1 and Lot 7164; a
single specimen was found near Transect 2 in the adjacent GEDCA parcel. The tree was mostly
dead except for a 7 cm diameter branch near the base. The main trunk had a diameter at breast
height (dbh) of 37 cm.

3.7.5.2 Species of Concern and Notable Species

The following species of concern were identified within the Route 15 parcels.

Cycas micronesica (Figure 3.7-11) is
considered a Species of Greatest
Conservation Need (SOGCN) by the
Government of Guam (Department of
Agriculture, 2006). The idandwide
populations are threatened by an introduced
scaleinsect, Aulocapsis yasumatsui.

Elatostema calcareum (Urticaceae) and
Procris pedunculata (Urticaceae) are
indigenous succulent herbs that grow in
l[imited habitats over limestone rock
outcrops in moist limestone forest. These
Figure 3.7-12. Hypolimnas octocula on Transect 2, plants serve as host species for the Mariana
Route 15. eight-spot butterfly (Hypolimnas octocula),
which is listed as a species of concern by the U.S. Fish and Wildlife Service (USFWS). One
butterfly was found along Transect 2 in the GEDCA parcel (Figure 3.7-12).

Other species were noted, although
they are not managed or protected
by the loca or federa
governments.

Zehneria (Melothria) guamensis
(Cucurbitaceae) is a rare endemic
vine. The species was found in
one small area of Lot No. 7161-R1
(Figure 3.7-13).

Figure 3.7-13. Zehneria (Melothria) guamensis with distinctive
orange fruits, Transect 1, Route 15.
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3.8 Former FAA Parcel

3.8.1 Location

The former FAA parcel (Lot Radio Station (R) Finegayan-1) is located adjacent and north of the
Navy South Finegayan housing area in the Municipality of Dededo, Guam. The 678-acre
property was the former site of the Federal Aviation Authority (FAA) Headquarters, but has
since been returned to the Government of Guam (Guam Ancestral Lands Commission), and is
currently administered by the Guam Economic Development and Commerce Authority
(GEDCA). The parcel extends northwest from Route 3 to the western coastline encompassing
Ague Point.

3.8.2 Quantitative Observations

Quantitative surveys were performed using the point-center quarter method along three transects
in the FAA parcel. Transect 1 was located along a north-south axis in the eastern sector and
Transects 2 and 3 were |ocated along a northwest-southeast axis in the central-southern sector.
Overall tree density among the three transects was lowest in the eastern sector with
approximately 1,798 trees/’ha and a total absolute cover of 25.85 m?/ha (Table 3.8-1). Hibiscus
tiliaceus, or pago, was dominant with the highest density (687.44 treesha) and absolute
frequency (58.82); however, this native species had a modest absolute cover of 2.03 m?/ha. Pago
occurred as a mid-canopy species and comprised approximately 38% of the relative density
among the 11 tree species encountered on the transect (Figure 3.8-1). Native species had a
higher relative density (approximately 84%) than introduced species (approximately 16%).
Aside from pago, kafu (Pandanus tectorius), lada (Morinda citrifolia) and Vitex parviflora had
relative densities greater than 10%. Kafu and lada are native mid-canopy species; non-native
Vitex occupied the upper canopy. Yoga (Eleocarpus joga), a native emergent canopy Species,
had the highest total basal area (4,126 cm?) and absolute cover (10.91 m2/ha), although only one
specimen was encountered. Eleocarpus was not encountered along the other transects.

Table 3.8-1

POINT-CENTER QUARTER METHOD RESULTS FOR LIMESTONE FOREST
TRANSECT 1, FAA PARCEL, DECEMBER 2008

ABSOLUTE
NO. OF | TOTAL BASAL | MEAN BASAL COVER ABSOLUTE

SPECIES STATUS| TREES/ha | AREA (cm?) AREA (cm?) (m2/ha) FREQUENCY

Elaeocarpus joga N 26.44 4126.16 4126.16 10.91 5.88
Vitex parviflora | 211.52 2337.49 292.19 6.18 41.18
Morinda citrifolia N 237.96 785.25 87.25 2.08 41.18
Hibiscus tiliaceus N 687.44 766.06 29.46 2.03 58.82
Cocos nucifera | 26.44 637.62 637.62 1.69 5.88
Pandanus tectorius N 290.84 498.48 45.32 1.32 35.29
Neisosperma oppositifolia N 132.20 304.42 60.88 0.80 17.65
Eugenia reinwardtiana N 79.32 227.14 75.71 0.60 11.76
Guamia mariannae N 52.88 51.94 25.97 0.14 11.76
Cassia alata I 26.44 35.24 35.24 0.09 5.88
Triphasia trifolia | 26.44 5.72 5.72 0.02 5.88

Key to Status: N = native; | = introduced.
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Triphasia trifolia ‘ ‘ ‘ ‘ ‘

(N) Elaeocarpus joga
Cocos nucifera Relative Den5|ty
Cassia alata Transect 1

(N) Guamia mariannae
(N) Eugenia reinwardtiana

(N) Neisosperma oppositifolia
Vitex parviflora

(N) Morinda citrifolia

(N) Pandanus tectorius

(N) Hibiscus tiliaceus
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Relative Density (%)

Note: (N) indicates native species; others are introduced.
Figure 3.8-1. Relative density (%) of trees along Transect 1, FAA parcel.

Transect 2 in the central-southern sector had the highest density among the transects, with
2,856.98 trees/ha and a total absolute cover of 24.86 m?/ha (Table 3.8-2). Both pago (Hibiscus
tiliaceus) and kafu prevailed over other species with densities of 546.19 trees/ha and absolute
frequencies of 47.06. These species, and paipai (Guamia mariannae) and fago (Neisosperma
oppositifolia), had relative densities exceeding 10% (Figure 3.8-2). Overal, native species had a
higher relative density (about 82%) than introduced species (about 18%), which was similar to
the proportion observed in the eastern sector along Transect 1. Two species, paipai and mapunao
(Aglaia mariannensis), are endemic to the Mariana lslands.

Coconut (Cocos nucifera) was dominant overall in absolute cover (12.75 m?/ha), followed by
kafu, fago and ifil (Intsia bijuga). Vitex parviflora was less dominant than in Transect 1 in
density (126 trees/ha) and absolute cover (0.93 m?/ha). The mean basal area of Vitex (73.91cn?)
was al so the lowest observed among the transects.
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Table 3.8-2

POINT-CENTER QUARTER METHOD RESULTS FOR LIMESTONE FOREST

TRANSECT 2, FAA PARCEL, DECEMBER 2008

ABSOLUTE
NO. OF | TOTAL BASAL | MEAN BASAL COVER ABSOLUTE
SPECIES STATUS| TREES/ha | AREA (cm?) AREA (cm?) (m2/ha) FREQUENCY
Cocos nucifera [ 252.09 3034.26 505.71 12.75 17.65
Pandanus tectorius N 546.19 802.61 61.74 3.37 47.06
Neisosperma oppositifolia N 378.13 786.81 87.42 3.31 35.29
Intsia bijuga N 126.04 406.21 135.40 1.71 11.76
Vitex parviflora [ 126.04 221.72 73.91 0.93 17.65
Hibiscus tiliaceus N 546.19 194.10 14.93 0.82 47.06
Guamia mariannae N 504.17 151.66 12.64 0.64 35.29
Premna obtusifolia N 42.01 118.76 118.76 0.50 5.88
Carica papaya | 42.01 88.20 88.20 0.37 5.88
Morinda citrifolia N 42.01 52.78 52.78 0.22 5.88
Eugenia reinwardtiana N 84.03 20.07 10.04 0.08 5.88
Triphasia trifolia [ 42.01 13.85 13.85 0.06 5.88
| Aglaia mariannensis N 42.01 11.34 11.34 0.05 5.88
Cestrum diurnum [ 42.01 10.17 10.17 0.04 5.88
Melanolepis multiglandulosa N 42.01 4.52 4.52 0.02 5.88
Key to Status: N = native; | = introduced.
Triphasia trifolia
(N) Premna obtusifolia
(N) Morinda citrifolia . .
(N) Melanolepis multiglandulosa Re | ative Dens Ity
Cestrum diurnum Transect 2
Carica papaya
(N) Aglaia mariannensis
(N) Eugenia reinwardtiana
Vitex parviflora
(N) Intsia bijuga
Cocos nucifera
(N) Neisosperma oppositifolia
(N) Guamia mariannae
(N) Pandanus tectorius
(N) Hibiscus tiliaceus
0 5 10 15 20 25

Relative Density (%)

Note: (N) indicates native species; others are introduced.

Figure 3.8-2. Relative density (%) of trees along Transect 2, FAA parcel.
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Transect 3 had an overall tree density of 1,868.79 trees/ha and a total absolute cover of 41.24
m2/ha (Table 3.8-3). The overall absolute cover was the highest among the three transects. Pago
was consistently dominant among the transects, with the highest individual density (632.09
treessha) on Transect 3, and a relative density of about 33% (Figure 3.8-3). Pago (Hibiscus
tiliaceus) also had the highest frequency among the seven species on Transect 3. Collectively,
native species had a relative density of about 62%, which was the lowest proportion of native

species among the three transects.

Coconut comprised the bulk of absolute cover (20.52 m/ha) on Transect 3; both density (357
treessha) and absolute cover were higher than in Transect 2. Vitex parviflora had the next
highest absolute cover, and was as equally well-distributed along the transect as coconut with an

absolute frequency of 41.18.

Table 3.8-3

POINT-CENTER QUARTER METHOD RESULTS FOR LIMESTONE FOREST

TRANSECT 3, FAA PARCEL, DECEMBER 2008
ABSOLUTE
NO. OF TOTAL BASAL | MEAN BASAL COVER ABSOLUTE
SPECIES STATUS| TREES/ha AREA (cm?) AREA (cm?) (m2?/ha) FREQUENCY
Cocos nucifera | 357.27 7470.79 574.68 20.53 41.18
Vitex parviflora | 357.27 5764.55 443.43 15.84 41.18
Intsia bijuga N 82.45 525.32 175.11 1.44 17.65
Pandanus tectorius N 302.30 507.47 46.13 1.39 35.29
Hibiscus tiliaceus N 632.09 375.67 16.33 1.03 64.71
Premna obtusifolia N 27.48 319.72 319.72 0.88 5.88
Morinda citrifolia N 109.93 41.62 10.41 0.11 17.65

Key to Status: N = native; | = introduced.

(N) Premna obtusifolia
(N) Intsia bijuga

(N) Morinda citrifolia
(N) Pandanus tectorius
Vitex parviflora

Cocos nucifera

(N) Hibiscus tiliaceus

Relative Density
Transect 3

15

20 25 30

Relative Density (%)

35 40

Note: (N) indicates native species; others are introduced.

Figure 3.8-3. Relative density (%) of trees along Transect 3, FAA parcel.
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The mean woody seedling density was significantly higher for native species (2.7 seedlings/n?)
than for non-native species (0.3 seedlings/m?) (Figure 3.8-4). The proportion of native to
introduced seedlings was similar for Transects 1 and 2, and slightly lower for Transect 3 (Figure
3.8-5). The seedling density reflects the higher native component observed in the relative tree
densities along the transects.

FAA

3.5 A
2.5 +

1.5 A

Mean Woody
Seedling Density/m?
[
|

0.5 A

Native Introduced

Figure 3.8-4. Mean woody seedling density for all transects, FAA parcel (x 1 S.E.).
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Figure 3.8-5. Percentage of native seedlings for each transect, FAA parcel.
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3.8.3 Habitat Quality

Certain aspects of the plant communities may provide a general indication of the quality of the
habitat in the former FAA parcel. These include ungulate activity, the presence of erosion,
percent of native plant species, and overall species richness. Species richness curves indicate the
highest tree species richness among the transects was along Transect 2, while Transect 3 had the
lowest richness (Figure 3.8-6).

16

14

12 /

10 / - =

/ - = = Richness FAA-1
. ”

= Richness FAA-2

Species Richness

= o o

N Richness FAA-3

0] 20 40 60 80

Abundance

Figure 3.8-6. Species richness of trees along all transects at FAA parcel.

Leaf and vegetative litter comprised the highest mean frequency (5.6) among the four ground
cover categoriesin the survey (Figure 3.8-7). Live vegetation had a similar frequency (5), while
the limestone substrate and rocky terrain was reflected in the moderate frequency for rock (3.75).
The lowest mean frequency was for bare soil (1.6).

Ungulate activity was encountered most frequently as soil disturbance, such as pig wallows and
rooting (Figure 3.8-8). The mean frequency for soil disturbance appeared to be significantly
higher than for rubbing and browsing on vegetation. Other signs of ungulate activity, such as
scat, were not observed on the transects.
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Figure 3.8-7. Mean frequency of ground cover along all transects at FAA (x 1 S.E.).
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Figure 3.8-8. Mean frequency of ungulate activity along all transects at FAA (+ 1 S.E.).

3.8.4 Threatened and Endangered Species and Species of Concern

No locally or federaly listed threatened or endangered species were identified within former
FAA parce in the current survey. Likewise, no species of concern were identified within the
study site.
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1.0 Introduction

Vegetation field surveys have been conducted in support of the Guam Military Buildup EIS. This report
documents qualitative surveys conducted and additional survey transects that were completed as
followup to cover several additional areas after the initial set of transects that are described in another
report. Qualitative surveys were conducted primarily to confirm or refine mapping of vegetation
communities, targeting primary (relatively undisturbed) limestone forest and forest dominated by
Merrilliodendron mega-carpum, a relatively uncommon forest type on Guam that is typically dominated
by the species and is a known host plant for endangered tree snails. The surveys were also intended to
document any Federal- or Guam-listed or rare plant species. Surveys were conducted at NCTS
Finegayan, NMS Almagosa Basin, Access Road to NMS, and the Route 15 upper plateau lands (Firing
Range Option A lands being considered in the EIS). At Andersen AFB the specific task was to document
the presence of host plants for butterfly species that are candidates for listing under the Endangered
Species Act (ESA). The primary host plant species targeted were two species that are hosts for the
Marianas eight-spot butterfly (Hypolimnas octocula mariannensis) with limited distribution: Procris
pedunculata and Elatostema calcareum. The Marianas wandering butterfly (Vagrans egistina) is the
second candidate species and its known host plant is Maytenus thompsonii, a plant that is relatively
common in primary and disturbed limestone forests.

The rare plant species that are not listed species are those identified in the Guam Comprehensive
Wildlife Conservation Strategy as species of conservation concern (CWCS; Guam DAWR 2006). The
native cycad identified in the CWCS (Cycas circinalis [C. micronesica]) was not evaluated in detail
because it is relatively common but threatened by disease. The rare species evaluated and the listed
species are as follows:

e (Cyathia lunulata — Listed in the CWCS.

e Cycas circinalis (C. micronesica) — Listed in the CWCS.
e Heritiera longipetiolata — Guam-endangered.

o Merrilliodendron mega-carpum — Listed in the CWCS.
e Serianthes nelsonii — Federal- and Guam-endangered.

e Tabernaemontana rotensis — Listed in the CWCS (this species was determined by USFWS to be
the same as T. pandacaqui [69 Federal Register 18499-18500]).

In addition to these species, other species that are thought to be uncommon based on the field experience
of the botanists conducting the surveys are noted in the description of each site.

2.0 Methods

Qualitative general pedestrian surveys were conducted over several periods by three biologists (Glenn
Metzler and Malia Kipapa of TEC Inc. and Claudine Camacho of Duenas, Camacho & Associates, Inc.).
Surveys were conducted at NCTS Finegayan, NMS Almagosa Basin, Access Road to NMS, the Route 15
upper plateau lands (Firing Range Option A lands being considered in the EIS), and Andersen AFB. The

1



survey periods for each site are listed under each site. Surveys consisted of walking transect lines in
areas where specific vegetation communities were uncertain or where edges of certain mapped
community types were uncertain, or in areas where specific activities are proposed (NMS Access Road
where a new road is proposed and Andersen AFB were new utility lines are proposed). Transect lines,
although depicted on maps as straight lines for clear visual depiction, were typically not straight lines
but did follow generally the transect lines shown on the accompanying figures. Observation points are
identified on figures and represent a general area for which vegetation is described in the text.

Quantitative surveys along 3 separate transects, one each at NCTS Finegayan, Anderson South, and Navy
Barrigada. Methods included a point-quarter survey and plots. Methods are further described in the
vegetation report in Appendix C and transect locations are shown in the Natural Resources Report to
which this document is appended to.

Plants specifically searched for during all surveys are listed species or noted as species of conservation
concern. Also searched for were the ERA candidate butterfly species host plants, with less emphasis on
Maytenus thompsonii since it is a relatively common plant in most primary and disturbed limestone
habitats. Plant names referred to in the text are the names listed by Raulerson (2006).

3.0 Results

3.1 Key Findings

One plant species listed as endangered by the Government of Guam, the tree Heritierata longipetiolata,
was observed at the Route 15 site. These trees have been previously reported by Duenas and Associates
(2000). They identified a total of 22 mature trees and 184 seedlings. No attempt was made to relocate
all the individuals but some of them were observed in the present study. One species noted as a species
of conservation concern in the Guam Wildlife Conservation Strategy (Guam DAWR 2006), the tree
Tabernaemontana rotensis, was noted along one transect at Andersen AFB. Merrilliodendron mega-
carpum, designated a species of conservation concern, is typically present in stands or patches and a
total of 10 acres (4 hectares) were mapped at NMS. Another species noted as a species of conservation
concern, the cycad Cycas circinalis (C. micronesica), was observed in numerous limestone forest
locations.

Note: All figures showing sites and survey locations for the qualitative studies are provided at the end of
this report. Transect locations for the quantitative vegetation descriptions along transects are shown in
the Natural Resources Report to which this document is appended to.



Table 1. Presence of Plant Species in Survey Areas

. Procris
Cycas Heritiera Merrill- Serian Tab d lat
Site Cyathea | circinalis . iodendron abernae- Maytenus pecuncuiaia
T t lunulata | (C. micro- longipet- meg- thes montana thompsonii or
ransects - mi iolata 4 nelsonii | rotensis Elatostema
nesica carpum calcareum
Andersen
- X - - - X X -
AFB
NCTS
. - X - - - - X -
Finegayan*
Route 15
- X X - - X X X
Plateau
NMS - X - X - - - -
NMS
- X - X - - - -
Access Rd.
Potts Jct - - - - - - - -
NCTS Fin
T-9
Andy
- - - - - - X -
South T-7
Navy Barr
T-3

*excluding Haputo ERA




3.2 Route 15
Surveyors: Glenn Metzler (all dates) and Malia Kipapa (2008 only) for transects A-M; G. Metzler and
Claudine Camacho (transects N-Q only).

Dates of Survey: December 5-10, 2008; January 19, 2010.

Summary — Several Heritiera longipetiolata trees and samplings were observed in one area and a single
Tabernaemontana rotensis was observed. Primary limestone forest is prevalent in the cliffline area and
this survey established a line separating primary limestone forest from secondary (disturbed) limestone
forest. Near the cliffline rocky ground and outcrops become more common and the habitat is less
disturbed and invaded by non-indigenous species. In the southern portions, the forest floor and
limestone outcrops are moss-covered and have succulent herbs and ground orchids such as Nervilia
aragoana and Zeuxine fritzii. Current quarry operations (as of January 2010) were removing primary
limestone forest in the northern part of the survey area.

Reference Figure 1. Route 15 North.

Rt15-A. Disturbed primarily open land
with Morinda citrifolia, Carica papaya,
Pennisetum polystachion, and
Nephrolepis hirsutula. There are
scattered patches of natives including
a few Cycas circinalis.

Rt15-B. Native forest of Neisosperma
oppositifolia, Eugenia thompsonii,
Aglaia mariannensis, Macarganga
thompsonii, Pisonia grandis, Intsia
bijuga, Casuarina equisetifolia, and
Elaeocarpus joga. At the cliffline is
Ficus prolixa, Hedyotis foetida, Bikkia
Rt15-A, cleared area with scattered patches of trees and shrubs. tetandra, Allophyllus timoriensis,
Thuarea involuta, and Cycas circinalis.
A few non-indigenous species

including Bidens alba and Passiflora suberosa.

Rt15-C. The entire transect is cleared with small patches of native vegetation with indigenous native
trees and shrubs of Morinda citrifolia, Neisosperma oppositifolia, and Macaranga thompsonii that are
now being invaded by non-indigenous species such as Bidens alba and woody species such as Carica
papaya and Triphasia triflora and the indigenous Hibiscus tiliaceous. Open areas are dominated by non-
indigenous grasses and Bidens alba, Stachytarpheta spp, Mikania scandens, and Cardiospermum
halicacabum.



Rt15-B, cliffline area with predominately indigenous Rt15-B, quarry operations in January 2010 up to the
woody plants, native cycad and non-indigenous herbs. cliffline.

Rt15-D. Similar to transect C.

Rt15E. This location is native forest up to the cliffline with dominants including Macaranga thomsonii,
Aglaia mariannensis, Eugenia reinwardiana, and Pisonia grandis (ranging to 12 inch diameter).

Rt15-F. This is an area of predominately native vegetation with some cleared patches and lanes, with

edges of native forest being invaded by Carica papaya, various non-indigenous herbs and vines, and

indigenous Hibiscus tiliaceus. Vegetation outside of the cleared lanes is a diverse primary limestone
forest including Pandanus tectorius,
Neisosperma oppositifolia, Macaranga
thompsonii, Ficus tinctoria, Intsia bijuga,
Aglaia mariannensis, Guamia mariannae,
Eugenia reinwardtiana and E. thompsonii,
Cycas circinalis (to 15-20 feet tall),
Dendrocnide latifolia, and abundant native
ferns. A single Tabernaemontana rotensis
tree was observed. The shrub Maytenus
thompsonii, host for the Mariana wandering
butterfly (Vagrans egestina), was observed
but was not abundant. The substrate is
estimated as 75% limestone rocks or rock

Rt15-F, primary limestone forest with high diversity. outcrops.



Rt15-G. Native
vegetation is dominant
including Aglaia
mariannensis, Guamia
marianae, Macaranga
thompsonii, Eugenia
reinwardtiana.

Rt15-H. This areais
disturbed to the cliffline
and dominated by the
non-indigenous species
Bidens alba and Triphasia
triflora, and the
indigenous Hibiscus
tiliaceous.

Rt15-C, cleared areas with patches of native vegetation being taken over by

invasives.

Reference Figure 2. Route 15 Central.

Rt15-l, transect disturbed up to cliffline; vegetation at cliffline is primarily
native with stunted trees.

Rt15-l. This area consists of larger
remnant forest patches with roads
and clearings intermixed. Cleared
area dominated by the herbaceous
Bidens alba with some scattered
native trees such as Ficus tinctoria
and Hibiscus tiliaceous in edge
areas. At the northwestern corner
of the transect is a population of
Heritiera longipetiolata with at
least several remaining large trees
and several saplings observed. This
population was previously
documented in an EIS prepared for
the raceway in 2000 (Duenas and
Associates 2000). Other species in
this diverse forest are Ficus
tinctoria, Mammea odorata,

Pandanus tectorius, Guamia mariannae, Aglaia mariannensis, Pisonia grandis, and Eugenia

reinwardtiana. Near the cliff is a stunted Ficus prolixa forest festooned with the non-indigenous vine



Cuscuta campestris. Entire area is mapped as primary limestone forest because that is the predominant

vegetation.

Rt15-K, Pisonia grandis with fern epiphytes.

thompsonii, Ficus spp, Neisosperma
oppositifolia, Eugenia reinwardtiana,
Cynometra ramiflora, Ochrosia
mariannensis, Intsia bijuga and a few
Barringtonia asiatica. Maytenus
thompsonii was also observed.

Rt15-N. Field-grass edge with
Pennisetum polystachion and a few
scattered Psychotria mariana and
Morinda citrifolia.

Rt15-0. Primary limestone forest near
cliff edge including Mammea odorata,
Ficus prolix, Premna obtusifolia,
Pandanus tectorius, and small Cycas
circinalis, but becomes progressively

Rt15-J. Edge of forest at open field that is
dominated by grasses, Triphasia triflora, and the
native pioneer species, Hibiscus tiliaceous,
Psychotria mariana, and Flagellaria indica. The
vegetation transitions quickly into relatively
undisturbed primary limestone forest.

Rt15-K. Primary limestone forest dominated by
Neisosperma oppositifolia, Eugenia reinwardtiana,
Aglaia mariannensis, Guamia mariannensis with a
few large Pisonia grandis trees.

Reference Figure 3. Route 15 South.

Rt15-L. Scrub forest at field edge with non-
indigenous Triphasia trifolia and Leucaena
leucocephala and in more open areas Lantana
camara and Bidens alba; native pioneers or edge
species present including Hibiscus tiliaceous,
Wikstromia elliptica, and Ochrosia mariannensis.

Rt15-M. Primary limestone forest of Macaranga

Rt15-L, edge of primary limestone forest with mix of native and
non-native species.

more invaded towards the open field. Cliffline species Bikkia tetrandra, Allophyllus timoriensis, and

Xylosma nelsonii.



Rt15-N, forest field edge. Rt15-0, native limestone forest with mix of native
species including Mammea odorata.
Rt15-P. Native species dominate similar to Rt15-O but with larger Cycas circinalis, Mammea odorata and
some large Pisonia grandis. Also in this forest are Eugenia reinwardtiana and Intsia bijuga, Fern species
are present such as as Asplenium polyodon and Polypodium scolopendria, and vines such as Jasminum
marianum) and Flagellaria indica. There is heavy pig damage in some areas of the forest in less rocky
areas away from the cliffline. Most Cycas circinalis are dying.

Rt15-Q. This is a mixed shrub community of woody species with indigenous and invasive, non-
indigenous species. There is much Hibiscus tiliaceous and non-indigenous species including Triphasia
trifolia, Lantana camara, and the herbaceous Eupatorium odoratum (Chromolaena odorata) and large
area with heavy Coccinea grandis vine infestation. Pig damage is very heavy in places.

Rt15-P, pig damage.



3.3 NCTS Finegayan
Surveyors: Glenn Metzler (all dates) and Malia Kipapa (2008 only).

Dates of Surveys: December 9, 2008; January 15, 2010 (Fin Central only).

Summary — No listed or rare species were observed. A small patch of the host plant for the Mariana
eight-spot butterfly (Hypolimnas octocula mariannensis), Procris pedunculata was observed scattered in
one area of cockscomb limestone in a few patches. The cockscomb limestone area also has some large
Cycas circinalis to nearly 20 feet in height.

Reference Figure 4. NCTS Finegayan North.

Fin-A. Transect traverses a disturbed limestone forest of mixed native and invasive species with a
heavily browsed understory and openings. A few large Ficus tinctoria and Artocarpus mariannensis are
scattered at various locations. Species in the forest include Vitex parviflora, Neisosperma oppositifolia,
Hibiscus tiliaceus, Morinda citrifolia, Pandanus tectorius, and Cycas circinalis.

Fin-A, disturbed limestone forest with scattered emergent trees and open areas.



Reference Figure 5. NCTS Finegayan Central.

Fin-B. An area of cockscomb limestone, very uneven.
Abundant Cycas circinalis present, some large to nearly 20 feet
in height. Mixed diverse canopy and understory, primarily
indigenous species such as Neisosperma oppositifolia,
Macaranga thompsonii, Guamia mariannae, Aglaia
mariannensis, Pandanus dubius, Eugenia reinwardtiana, and a
few Dendrocnide latifolia. Scattered non-indigenous species
are also present. Herbaceous species on the rocky substrate
includes scattered patches of Procris pedunculata.

Fin-C. Approximate boundary between primary limestone

forest and secondary (disturbed) limestone forest with the
disturbed vegetation primarily Annona reticulata, Triphasia
triflora, Cestrum diurnum, and Stachytarpheta spp and the

primary limestone forest dominated by a mix of indigenous
species as noted above .

Fin-D. There is a large sinkhole depression just to the north,
approximately 100 or more feet in diameter with a large

Fin-B, large Cycas circinalis on . . .

limestone Artocarpus mariannensis down in the bottom. The boundary
between primary and secondary limestone forest includes

similar species to those described above with the addition of Leucaena leucocephala along the edge of

the access road.

Reference Figure 6. NCTS Finegayan South.

Fin-E. The overstory is dominated by Vitex
parviflora with scattered Premna
obtusifolia, Neisosperma oppositifolia, and
Intsia bijuga. An occasional specimen of
indigenous Elaeocarpus joga or Artocarpus
mariannensis trees. The understory is of
mixed species, predominantly native
including Neisosperma oppositifolia, Guamia
marianae, and Pandanus tectorius or
Pandanus dubious. Maytenus thompsonii
was also noted. Occasional clearings
dominated by herbaceous invasive species
including Eupatorium odoratum

Fin-E, opening in disturbed forest with non-native

(Chromolaena odorata), Mikania scandens herbaceous vegetation and a large Eleaocarpus joga.
and other invasive vines, and the native

swordfern Nephrolepis hirsutula.
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Fin-F. The vegetation is similar to Fin-E but with a more rocky substrate.

Photo 13. Fin-G, Vitex parviflora dominanted canopy with substrate of
mixed moss-covered rock and soil.

Reference Figure 7. NCTS Finegayan

East.

Fin-l. Vegetation in this area near a
borrow pit is similar to many other
areas on NCTS Finegayan. The forest
canopy is generally closed and
dominated by Vitex parviflora with
some large individual trees. There are
scattered large Artocarpus
mariannensis (to approximately 18
inch diameter with prominent
buttresses) and an occasional
Elaeocarpus joga. One large
Barringtonia asiatica was also
observed. Other species in the canopy
or subcanopy are Morinda citrifolia,
Hibiscus tiliaceous, Pandanus dubious,

Fin-G. The forest is primarily a
Vitex parviflora canopy with an
understory of Neisosperma
oppositifolia, Aglaia mariannensis,
Guamia marianae, and Eugenia
reinwardtiana. The substrate is
mixed areas of soil and rock.

Fin-H. The area is heavily
disturbed with much bare ground,
including a very large pig wallow
approximately 20 feet x 8 feet.
The area is dominated by Cestrum
diurnum, Hibiscus tiliaceous (the
primary indigenous species),
Triphasia trifolia, Annona
reticulata, and Mikania scandens.
There is scattered Neisosperma
oppositifolia.

Fin-H, large pig wallow in open area of the forest.

Pandanus tectorius, Ficus tinctoria, and Neisosperma oppositifolia. Understory woody species that are

prevalent include the indigenous species Guamia mariannae, Hibiscus tiliaceous, and Eugenia

reinwardtiana and Eugenia palumbis (in patches) and the invasive Triphasia trifolia. Piper guahamense
was common in the understory as were ferns, both terrestrial and ephytic, including Polypodium spp.,
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Pteris tripartita, and Pteris vittata. Some areas had abundant moss-covered rock. Vines included
Jasminum marianum and Flagellaria indica and a single specimen of Dischidia puberula, an uncommon
species, was also observed. Along the utility line right-of-way in this area were numerous Maytenus
thompsonii, many of which were noted in flower and fruit. Some M. thompsonii were also observed in
the forest.

Fin I, an emergent Artocarpus mariannensis in a surrounding disturbed limestone
forest.

3.4  Naval Munitions Site
Surveyors: Glenn Metzler (December 08 and January 2010) and Malia Kipapa (December 08 only).

Dates of Surveys: December 19, 2008 and January 20, 2010.

Summary — Three separate Merrilliodendron mega-carpum stands were mapped totaling 10 acres (4
hectares). In addition numerous other smaller scattered patches of Merrilliodenron were noted in the
area. Several uncommon species were observed including Dishidia puberula and Coelogyne guamense,
the latter an orchid species found primarily in the branches of large trees on high limestone ridges and
found on Guam, Rota, and Palau (Raulerson and Rinehart 1992).
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Reference Figure 8. Naval Munitions Site Almagosa.

NMS-A. Edge of Merrilliodendron forest in rocky outcrop understory
including ferns and Freycinetia reineckei.

Merrilliodendron forest is a
relatively uncommon forest
type on Guam with known
stands in the Haputo ERA,
Hiilan Point, Mt. Lamlam, Mt.
Tenjo (Guam DAWR 2006),
within the Almagosa basin
and surrounding areas of
NMS, and a small patch
located along the proposed
western access road to NMS
(see Access Road description
in Section 3.5 of this report).
Other stands may be present
in other areas on Guam,
particularly on private lands
where there have been few
studies. The Merrilliodendron
trees at Haputo ERA and the

Lost Pond area are known hosts of tree snails that are Guam-listed species and are candidate species for

listing under the Endangered Species Act. Merrilliodendron forest patches appear to be scattered

throughout the Alamagosa basin area but there are only a few known larger Merrilliodendron areas that

are hereafter described as stands (see Figure 7). No tree snails were observed in a cursory visual

examination in these forests but a thorough search was not conducted.

NMS-B, northern end of Merrilliodendron Stand A and open areas
between trees.

NMS-B. This location is near the
northern limit of the largest
Merrilliodendron stand where there
are more openings in the canopy
and species such as Pandanus spp.
and Hibiscus tiliaceus become more
prevalent. Elevation is generally
increasing.

NMS-C. The terrain becomes more
varied in this area with areas of
dissected limestone with crevasses
6 feet or more deep. Based on
observations to the south, some
water may drain from the large
wetland into this area. The



NMS-C, near edge of Merrilliodendron stand, an area
with highly dissected limestone.

vegetation is also more varied with Pandanus
spp., Discocalyx megacarpa, Guettarda speciosa,
Cycas circinalis, and Ficus spp. and ferns such as
Microlepia speluncae. A specimen of an
uncommon vine, Dischidia puberula, was
observed in the area.

NMS-D. This location is quite open and beyond
the edge of the Merrilliodenron stand. A specimen
of the somewhat uncommon shrub Drypetes
dolichocarpa was noted in this area. Fagrea
berteriana, an uncommon tree, was also noted at
scattered locations in the general area.

NMS-E. This location is near the eastern edge of a
smaller Merrilliodendron stand. This edge is on
the west-facing slope of a north-south ridge with
slopes estimated at 25-40 degrees. This west-

facing slope is lush with ground cover of fern species and rock outcrops covered in thick moss. On the

side of this ridge near the southern edge of the Merrilliodendron stand in one area is a large group of

Coelogyne guamense, an epiphytic orchid species typically found primarily in the branches of large trees

on high limestone ridges (Raulerson and Rinehart 1992), so not often observed. The western edge of this

smaller stand is not as clearly defined as the sloped eastern edge because there are more openings and

less dominance by Merrilliodendron.

NMS-E, the epiphytic orchid
Coleogyne guamense.

NMS-E, West facing slope at the edge of the Merrilliodendron stand

with diverse vegetation.
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NMS-E, from the ridgetop looking
southeast with savanna vegetation and a
large wetland in the basin.

NMS-F, edge of Merrilliodendron forest with some openings

and dead cycad.

15

NMS-E, from the ridgetop looking southwest.
towards cliffs, probably limestone and with heavy
vegetation.

NMS-F. This location is near the western
edge of this smaller Merrilliodendron stand.
There are numerous openings in the canopy.
The pattern of vegetation and some dead
cycads indicates a possibility that fires
occurred which created the openings.

NMS-G. This area has another small
Merrilliodendron stand as well as other
small scattered patches of this species not
within the stand to the north and south.
Scattered in this area are a few large
Artocarpus mariannensis, standing out well
above any of the surrounding vegetation,
which is fairly low in stature at about 15-25
feet.



NMS-H. This area is somewhat open and
weedy with numerous invasives such a

sEupatorium odoratum (Chromolaena odorata),
grasses, Mikania scandens, and other vines.

The native vine Stictocardia tiliaefolia is

common and the dominant trees include the
palms Cocos nucifera and Areca catechu and

Pandanus spp.

NMS-I. Patches of Merrilliodendron were noted
in this area on the east-facing slope above

where Almagosa spring emerges.

NMS-J. A brief visual survey along the trail to
Mt. Lamlam noted several scattered patches of
forest dominated by Merrilliodendron in this
area. These areas were not investigated in

detail but may cover up to several acres.

Reference Figure 9. Naval Munitions Site EOD.

NMS-H, View looking southwest over ravine forest with

open canopy dominated by Cocos nucifera and a mix of

other species.

NMS-EOD-1. Canopy on slopes dominated by Vitex parviflora

with patches of Cocos nucifera.

EOD-1. This area is off to the left of the
road going into the EOD site. It had a
canopy nearly completely dominated by
Vitex parviflora with much young Cocos
nucifera in the understory and some of
the canopy dominated by Cocos
nucifera. Other areas of the understory
were sparse.

EOD-2, 3. This area consists of ravine
forest. The trees on the upper slopes in
this entire area are almost entirely the
invasive tree Vitex parviflora and they
tend to occur in small groves
interspersed by openings. These trees,
particularly the numerous larger
specimens (up to 2 feet in diameter),

often host the ephiphytic orchid Dendrobium guamense and common epiphytic ferns, typically the

common species such as the small Pyrrosia lanceolata and Polypodium punctatum. Even within the

forested areas the canopy is thin with much sunlight and an understory of mixed indigenous and non-

indigenous woody and herbaceous species.
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EOD-2. Looking southwest over a ravine forest EOD-3. Vitex parviflora dominates the canopy
dominated by Vitex parviflora on slopes (entire view) with some trees attaining large size.

and Cocos nucifera and Pandanus spp. near valley

bottoms.

3.5 NMS Access Road

Surveyors: Glenn Metzler and Claudine Camacho.
Date: July 2, 2009.

Summary — The proposed access road would follow an existing foot trail that traverses savanna
vegetation with a few stands of forest in minor valleys. The area surveyed was within approximately 75
feet of either side of the trail. Merrilliodendron mega-carpum forest was present and dominated a
portion of the small forest on either side of the trail at the highest forest stand encountered along the
trail. As discussed in Section 3.3, this forest type is not common on Guam. On both sides of the trail the
Merrilliodendron forest did not appear to extend much, if any, beyond the survey corridor. No
threatened or endangered or rare species were observed.

Reference Figure 10. NMS Access Road.

AccessRd-A. This is a forested patch with openings and dominated by tangantangan and Hibiscus
tiliaceous with scattered Cocos nucifera. Panicum maximum and Saccharum officianarum dominate in
openings and the surrounding area and herbaceous weeds such as Bidens alba, Elephantopus mollis, and
Mikania scandens are in the understory along with indigenous Piper guahamense and Flagellaria indica.
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AccessRd-A, view of typical terrain and vegetation along the trail; the initial forested patch is

dominated by Leucaena leucocephala.

AccessRd-B. Forest stand of mixed indigenous and non-indigenous
trees and shrubs.

AccessRd-B. This area is a strip of
ravine forest oriented north-south
with a diverse mix of indigenous
and non-indigenous species.
Indigenous trees and shrubs
include Premna obtusifolia,
Guettarda speciosa, Ficus tinctoria,
Pandanus dubious, Morinda
citrifolia, Glochidion marianum,
Aglaia mariannensis, and
Phyllanthus marianus. Leucaena
leucocephala and Triphasia triflora
are the dominant invasive woody
species. Epiphytes are common
including various common ferns
and some specimens of the
endemic orchid Dendrobium
guamense. The understory

contains indigenous ferns including Thelypteris guamensis, Antrophyum plantagineum, and Nephrolepis

biserrata, and the indigenous vines Freycinetia reineckei, Jasminum marianum, and Entada pursaetha.

Grasses and sedges present included the indigenous Miscanthus floridus, Centotheca lappacea, Isachne

miliacea, Scleria polycarpa, and various non-indigenous grasses.
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AccessRd-C. West end of highest elevation forest stand.

AccessRd-C. This is the western portion
of a north-south oriented strip of ravine
forest. This western portion is
somewhat open and includes a mix of
indigenous and non-indigenous species
but dominated by Leucaena
leucocephala. Indigenous species
present are primarily those that do well
in disturbed conditions such as Morinda
citrifolia and Flagellaria indica.

AccessRd-D. This is the eastern portion
of a north-south oriented strip of ravine
forest. This is the location with a statue
of the Virgin Mary placed on a ledge of a
limestone outcrop. On either side of the

existing trail in the eastern portion of the forested strip the vegetation is dominated by Merrilliodendron

mega-carpum. The cleared width of the trail through this area ranges from approximately 15-20 feet.

The area containing the
Merrilliodendron forest is estimated at
less than 1 acre. The dominant
tree/shrub in much of this forest near
the trail is Leucaena leucocephala.
Areca catechu and Triphasia triflora
are other common invasive trees or
shrubs. Indigenous trees and shrubs
include Premna obtusifolia, Pandanus
dubious and P. tectorius, Glochidion
marianum, Hibiscus tiliaceous, and a
few Cycas circinalis. Low shrubs
include Discocalyx megacarpa (in fruit)
and Medinilla medinilliana. Epiphytes
are common including various
common ferns and some specimens of
the endemic orchid Dendrobium
guamense. Ferns on the ground or on

AccessRd-D. Merrilliodendron forest with limestone rock

outcroos.

rock walls include Thelypteris gretheri, Thelypteris torresiana, Tectaria crenata, and Nephrolepis

biserrata. The indigenous vines Freycinetia reineckei, and Flagellaria indica are common. There are few

grasses and sedges. Edges of the forest patch are dominated by Leucaena leucocephala. Soil disturbance

from pigs in this forest is light.
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AccessRd-E. This is savanna dominated by
Miscanthus floridulus, Saccharum
officinarum, and Pennisetum polystachion.
Elephantopis mollis is a common invasive
species along trails. Mixed in with grasses in
places are non-indigenous Pueraria
phaseoloides, Buchnera floridana, and the
indigenous fern Blechnum orientale.

AccessRd-E. Top of ridges are primarily savanna.

3.6 Andersen AFB Utility Lines

Surveyors: Glenn Metzler and Claudine Camacho.
Date: January 14, 2010.

Summary — A primary purpose of this survey was to determine if there were any host plants for the two
Federal candidate butterfly species Hypolimnas octocula mariannensis and Vagrans egistina. These host
plants, Elatostema calcareum, Procris pedunculata, and Maytenus thompsonii, were not observed on
any of these transects. Transects were in disturbed limestone forests ranging from highly degraded to
somewhat degraded with a primarily indigenous understory. Two Tabernaemontana rotensis trees were
observed on Transect B in flower and fruit. Several trees of the uncommon Geniostoma micranthum,
and endemic species, were observed on transect C. On January 28, during surveys by others, a fruit bat
was observed during the daytime roosting in a Guamia tree.

Reference Figure 11. Andersen AFB Utility

Line Transect A.

AAFB-Transect A. The forest on this transect
is highly degraded. Substrate is primarily soil
with less than 10 percent mossy rock. The
primary invasive species are Vitex parviflora
(some to 2 feet diameter), many of which
have been blown over to horizontal with
vertical resprouts, and Averrhoa bilimbi.
Epiphytic ferns on these trees are all common
species. Native (or early introduced) trees
present in some abundance are Pandanus

AAFB-A, degraded limestone forest with Vitex parviflora
that has been blown over with resprouts. tectorius and Cocos nucifera. The Pandanus
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was generally heavily browsed and the understory in general was very open in this forest.

Reference Figure 12. Andersen AFB Utility Line Transects B and C.

AAFB-B, typical vegetation on the transect.

AAFB-B. Transect B traverses a low-stature
(generally less than 20 feet) disturbed
limestone forest with a few old downed or
partially dead large Intsia bijuga trees,
dominated primarily by indigenous species.
The very southwestern end, after crossing
the cleared lane, is a taller forest dominated
by Vitex parviflora with Pandanus tectorius in
the understory and a highly disturbed soil
from pig damage and almost no herbs. The
low-stature forest contained small openings
typically dominated by Eupatorium odoratum
(Chromolaena odorata). The forest was
dominated by Premna obtusifolia, Pandanus

tectorius, Guamia mariannae, Aglaia mariannensis, and Neisosperma oppositifolia, with an abundance

of the indigenous herbaceous vine Stictocardia tiliaefolia, the woody vine Jasminum marianum, and

common epiphytic ferns and the less common Vittaria incurvata present. Intsia bijuga was also quite

common as was Discocalyx megacarpa, some of which were in fruit. Heavily browsed Pandanus leaves

were noted and there were areas of high soil disturbance from pig rooting. Two Tabernaemontana

rotensis trees were noted and both were either in flower or fruit. One of these trees had numerous (15-

20) small saplings underneath that were heavily browsed. On January 28 during other surveys a fruit bat

was observed roosting in a Guamia tree near the northeast end of the transect. Numerous butterflies

were noted on this transect and included 3 common species: Papilio polytes, Euploea eunice, and

Eurema blanda.

AAFB-Transect B, Tabernaemontana rotensis
flowers.

AAFB-Transect B, Tabernaemontana rotensis

sapling that is heavily browsed.
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AAFB-C, Geniostoma micranthum in flower and fruit.

3.7 Potts Junction
Surveyors: Glenn Metzler and Claudine Camacho.

Date: July 8, 2009.

AAFB-C. The transect is located adjacent to the
road. The forest consisted of a Vitex parviflora
dominated canopy with a somewhat dense
understory or sometimes canopy of Hibiscus
tiliaceous, Guamia mariannae, Aglaia
mariannensis, Pandanus tectorius, Premna
obtusifolia, Ficus tinctoria, and Neisospema
oppositifolia. Other species noted included
Pyschotria mariana, Guettarda speciosa, and the
somewhat uncommon Geniostoma micranthum
in flower and fruit. Herbaceous species included
Piper guahamense, several common fern species,
the ground orchids Nervillia aragoana and
Zeuxine fritzii, and the vine Stictocardia tiliaefolia.

Summary — The Potts Junction site is dominated by a highly disturbed shrub/grassland vegetation

community with few native species. Much of the site is low vegetation including Bidens alba, Passiflora

suberosa, and Fimbristylis cymosa with patches of grass including Pennisetum purpureum, Pennisetum

polystachion, and Saccharum spontaneum. There are patches of trees or shrubs including Buddleja

asiatica, Spathodea campanulata, Hibiscus tiliaceus, and Leucaena leucocephala and some patches of

the fern Pteris vittata. There are some Cocos nucifera trees near the boundary with the Starts Golf

Course.

3.8 NCTS Finegayan Transect 9

Surveyors: Glenn Metzler and Claudine Camacho.
Date: July 7, 2009.

Summary - The point-center quarter survey results
for Transect NF-9 are summarized in Table 2. The
overall density for this transect was calculated at
1,435 trees per hectare. Only four species of tree
were encountered throughout the survey. The
introduced Vitex parviflora was the most
dominant species encountered along this transect,
and the only introduced species observed. Vitex
parviflora had a relative density of 55% (Figures
land 2) and a relative dominance of 93%. Hibiscus
tiliaceus and Pandanus tectorius, together, had a
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relative density of 44%, yet only accounted for approximately 6% of the relative dominance within the

transect. One individual of Cocos nucifera was encountered. The tree species richness for Transect NF-9

is presented in Figure 3.

Table 2. Summary of forest at NF-9, Finegayan.

NF-9 NCTS Finegayan, JULY 2009

POINT-CENTER QUARTER METHOD RESULTS FOR LIMESTONE FOREST

ABSOLUTE
NO. OF TOTAL BASAL |MEAN BASAL|COVER ABSOLUTE
SPECIES STATUS TREES/ha AREA (cm?) AREA (cm?) (m%ha) FREQUENCY
Vitex parviflora | 786 19101.11 335.11 26.34 219.23
Hibiscus tiliaceus N 345 709.44 28.38 0.98 96.15
Pandanus tectorius N 290 596.03 28.38 0.82 80.77
Cocos nucifera N 14 206.02 206.02 0.29 3.85
Key to Status: N = native; | = introduced
Figure 1. Relative Density (%) of Trees at NF-9, Finegayan
(N) Cocos nucifera
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Note: (N) indicates native species; others are introduced.




Figure 2. Relative density of native tree species along NF-9, Finegayan
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Figure 3. Species Richness of Trees at NF-9, Finegayan
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Table 3. Woody Seedling Species Encountered in Plots at NF-9, Finegayan

Woody Seedling Species (<2cm dbh)

Oom 100m 200m 300m 400m 500m
Cocos nucifera 9 2
Flagellaria indica 1 1
Glochidion marianum 1
Hibiscus tiliaceus 3 3 9
Leucaena leucocephala 2
Morinda citrifolia 2 13 21 8 21
Pandanus tectorius 3 1 9 5
Triphasia trifolia 3 1
Vitex parviflora 2 1 6 23 4 3
Totals 10 15 15 55 32 30
Table 4. Non-Woody Seedling Species Presence in Plots at NF-9, Finegayan
Non-Woody Seedling Species (Presence/Absence)
om 100m 200m 300m 400m 500m

Belvisia 1 1 1 1 1 1
Davalia 1 1
Nephrolepis acutifolia 1
Nephrolepis hirsutula 1 1 1 1 1 1
Polypodium punctatum 1 1 1
Polypodium scolopendria 1 1 1
Pteris tripartita 1 1
Pyrrosia 1 1 1 1 1
Achyranthes aspera 1
AXonopus compressus 1 1 1
Cassia leschenaultiana 1 1 1
Centosteca lappacea 1
Chromolaena odorata 1 1 1 1 1
Cyperus kyllingia 1
Cyperus ligularis 1
Desmodium triflorum 1
Hyptis capitata 1
Hyptis pectinata 1 1
Mik ania 1 1 1 1 1 1
Momordica charantia 1 1 1
Nervillia aragoana 1 1
Oplismenus 1 1 1 1
Passiflora suberosa 1 1 1 1 1
Piper guahamense 1 1
Sida rhombifolia 1
Spermacoce 1
Stachytarpheta jamaicensis 1
Stichtocardia tiliaefolia 1 1
Taeniophyllum 1 1
Urena lobata 1
Zeuxine fritzii 1
Total Seedlings 12 18 13 13 14

Note:

“1” indicates presence within plots

25




Table 5. Ground Cover at NF-9, Finegayan.

Leaf Live
Meters from start Rock |Soil litter vegetation [Total
0 1 15 16
100 14 2 16
200 10 6 16
300 11 5 16
400 15 1 16
500 13 3 16
Frequency 0 1 78 17

3.9 Andersen South Transect 7
Surveyors: Glenn Metzler and Claudine Camacho.

Date: January 12, 2010.

Summary - The point-center quarter survey results for Transect AS-7 are summarized in Table 6. The
overall density for this transect was calculated at 3,300 trees per hectare. Fourteen species of tree were
encountered throughout the survey. The introduced Leucaena leucocephala had the highest relative
density (approximately 42%) of all species (Figure 4). Tangantangan and Averrhoa bilimbi were the only
introduced tree species encountered in this survey, yet accounted for approximately 54% of the relative
density (Figure 5) and 41% of the relative dominance of all species combined. Premna obtusifolia was
the most encountered native tree species and had the highest relative density (approximately 15%) of
all native species. The tree species richness for AS-7, Anderson South is presented in Figure 6.

Table 6. Summary of forest at Transect AS-7, Anderson South.

POINT-CENTER QUARTER METHOD RESULTS FOR LIMESTONE FOREST
AS-7, ANDERSEN SOUTH, JAN. 2010
NO. TREES/ |TOTAL BASAL |MEAN BASAL (ABSOLUTE ABSOLUTE

SPECIES STATUS |HECTARE |AREA (sg.cm) [AREA (sg. cm) |DOMINANCE FREQUENCY

Leucaena leucocephala I 1434 4548.01 103.36 1482.33 84.62
Premna obtusifolia N 521 3873.21 242.08 1262.39 42.31
Averrhoa bilimbi | 391 634.61 52.88 206.84 19.23
Hibiscus tiliaceus N 359 254.19 23.11 82.85 23.08
Maytenus thompsonii N 130 46.83 11.71 15.26 15.38
Neisosperma oppositifolia N 130 353.27 88.32 115.14 11.54
Eugenia reinwardtiana N 98 105.43 35.14 34.36 7.69
Pandanus tectorius N 65 51.03 25.51 16.63 7.69
Ixora triantha N 65 41.33 20.67 13.47 7.69
Guamia mariannae N 65 54.65 27.33 17.81 7.69
Glochidion marianum N 33 16.61 16.61 541 3.85
Artocarpus mariannensis N 33 2418.00 2418.00 788.10 3.85
Macaranga thompsonii N 33 280.41 280.41 91.39 3.85
Aidia cochinchinensis N 33 78.29 78.29 25.52 3.85

Key to Status: N = native; | = introduced
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Figure 4. Relative Density (%) of Trees at AS-7, Anderson South.
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Note: (N) indicates native species; others are introduced.

Figure 5. Relative density of native tree species at AS-7, Anderson South.
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Figure 6. Species Richness of Trees at AS-7, Anderson South.
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Table 7. Woody Seedling Species Encountered in Plots at AS-7, Anderson South.
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Woody Seedling Species (<2cm dbh)

Om 100m 200m 300m 400m 500m
Aglaia mariannensis 2
Averrhoa bilimbi 4 6 1 2
Carica papaya 1
Colubrina asiatica 4
Discocalyx megacarpa 1
Eugenia reinwardtiana 1 1
Flagellaria indica (climbing)* 80 61 100 100 100 100
Guamia mariannae 6 2 15
Ixora triantha** 6 3 1 15 4
Jasminum marianum 2 1 1
Leucaena leucocephala 6 4 2
Morinda citrifolia 11 16 1 2
Neisosperma oppositifolia 1 14 2 3
Pandanus tectorius 3 8
Pouteria obovata 2 1
Premna obtusifolia 2
Triphasia trifolia 3 4 6 2 4 4
Ximenia americana 3
Total Seedlings 123 95 127 113 126 140

Notes: * Counts of 100 were terminated at 100 but exceeded that number.

** Some or all of this species may be Aidia cochinchinenis - definitive determination could not be made for

the seedlings.
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Table 8. Non-Woody Seedling Species Presence in Plots at AS-7, Anderson South.

Non-Woody Seedling Species (Presence/Absence)

Om 100m 200m 300m 400m 500m
Asplenium nidus 1
Davalia 1
Nephrolepis biserrata 1 1 1 1 1
Polypodium punctatum 1 1 1 1 1
Polypodium scolopendria 1 1 1 1
Pyrrosia 1 1
Achyranthes aspera 1
Caesalpinia 1 1
Chromolaena odorata 1 1
Mik ania 1 1
Passiflora suberosa 1 1 1
Zeuxine fritzii 1 1 1 6
Total Seedlings 7 9 3 1 3 14
Note: “1