
ASSOCIATES. INC.
Engineers/Architects

April 1995

EnterOcean Group, Inc.

Prepared for:

Bureau of Planning

The EnterOcean Guam Facility

for

ENVIRONMENTAL IMPACT ASSESSMENT



No marine mammals or other rare/endangered species will be

stocked. Species atypical of Guam's waters will be separated

from the recirculation system in order to prevent introduction of

exotic species into ocean waters via the aquarium outfall •.

Proposed construction will take place in the vicinity of Gun

Beach, Tumon Bay, Guam. The complex will occupy an 18,000 square

meter site located 845 feet from the shoreline. Open air

saltwater tanks will contain approximately three million gallons

of seawater and be supported by a 15,000 gallon per minute ocean

water recirculation system. The seawater intake and outlet

system will consist of dual thirty inch High Density Polyethylene

pipelines, a pumping system, associated intake screens, and an

outfall diffuser. The seawater intake will be located beyond the

fringe reef at approximately forty feet below sea level. The

facility outfall will discharge at approximately sixty feet below

sea level.

The EnterOcean facility on Guam will be a tourist oriented,

ocean theme park. The facility will"consist of several

consecutive saltwater tanks stocked with fish, coral, and other

organisms. Visitors will be given guided diving tours or semi­

submersible submarine rides through these tanks. In addition to

the basic saltwater trails, the facility will contain various

display aquariums and other recreational areas.

Executive Summary



The following EIA outlines environmental impacts and issues

associated with the EnterOcean facility on Guam. No endangered

species or other findings were identified which could jeopardize

the proposed project.
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After completion of construction, the EnterOcean Guam

facility will be able to provide visitors with a selection of

activities which will be uni~ue in the world. Visitors will

begin their experience with a simulated submarine ride, view the

1.1 THE ENTEROCEAN FACILITY - A VISITOR'S EXPERIENCE

resource. As with all planned EnterOcean facilities, a program

of cooperative education and research activities will be

developed with the University of Guam Marine Laboratory and

Territorial school system.

touris~ attracEion and educationalfunction as a

he Ente;-Ocean Guam Project is a swim through Qpen water .

tourcist aquar.Lum.,

consecutive saltwater tanks stocked with flsn, coral, and ~tner

prganisms. Visitors will be given guided diving tours or semi­

sUDmersible submarine ides. In addition to the basic saltwater

trails, the facility will contain various display aquariums and

other zecreational areas. The intent of the project is to

1.0 THE ENTEROCEAN FACILITY - PROJECT OVERVIEW

INTRODUCTION

SECTION 1
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- The undersea cavern will display indigenous marine life

forms from several different South Sea habitats. From each

cavern window, the visitor will have the opportunity to study

marine creatures more closely in smaller closed aquarium

1.1.2 Uhdersea

Visitors will begin their journey by entering a century

submarine, a sophisticated Dynamic Motion Simulator. After being

seated and introduced to their surroundings, the submarine

simulates a ride through an exciting ride under the oceans of the

south Pacific. During the ride they will visit the Marianas

trench, travel with a pod of whales, experience the attack of a

great White Shark off the Australian Great Barrier Reef, and

witness first hand the wonders of the 'deep open' ocean. At the

end of their journey, they will exit the submarine into an

undersea cavern.

1.1.1

sa1twater trails and aquarium exhibits from an ungersea cavern~

and will then be offered a chance to personally explore

EnterOcean's saltwater trails. Afterwards, visitors will be

offered various opportunities for unstructured relaxation. Each

of these experiences is described in this section.
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Visitors will be given the opportunity to purchase a

membership in the EnterOcean Club at three different levels, the

Ocean Club, EnterOcean Club, and the Ocean Explorer Club. After

the Sea Cavern, Ocean Club level members will be directed to a

special pier, where they will board an eight passenger semi­

submersible. The semi-submersible, while looking very much like

a typical submarine does not fully submerge. However, passengers

are seated well below the water line giving them the sensation of

being completely underwater. This small vessel will be piloted

by an experienced guide who will take them on a journey through a

south Pacific reef experience. Large viewing windows will give

visitors a panoramic view of a thriving marine environment.

Ocean Club members will come in close proximity to a wide variety

1.1.3 -Diving and Reef Experiences

will present six different ocean habitats from Marianas Coral

Reefs to Hawaiian Turtles. As visitors travel through the

Undersea Cavern they will also be able to view the underwater

reef trails allowing them to see groups of people diving in the

areas beyond the cavern. In another area, they will be able to

see small submarines exploring the reef trail. At this point the

visitor will have the opportunity to join in the recreational

aspects of the EnterOcean facility.

The Undersea Cavernand instruction in their native language.

displays. Marine biology documents will be present for questions
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The underwater trail will be teeming with marine life as

The Dolphinaire vehicle is equipped with hand rails below

the surface of the water, arranged so that each guest will have

an unobstructed view. Guests will grasp the handrail and be

gently pulled along, breathing through the air regulator

installed at each passenger station. Each guest will be fitted

with a headset, which will provide them with a running commentary

on the sea life and habitats they discover as the proceed through

the reef trails which comprise the underwater experience.

EnterOcean Club level members will be able to swim with

the sea life while fully submerged and breathing compressed air.

Both day and night dives will be offered. Club members will be

directed to changing rooms where they can prepare for their dive

tour. They will then be sectioned into groups of six people and

their tour group leader, a trained guide who will instruct them

in the use of the Dolphinaire Group Underwater Towing Vehicle.

The lesson will be a brief one, since the use of the breathing

device and associated underwater headset will be made simple to

understand and easy to become accustomed to.

of sea life, from colorful reef fish to sea turtles to large

sharks. Visitors will wear headsets which are connected to a

specially designed multi lingual information system and receive

lectures concerning the sea life and'habitats they are observing.
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EnterOcean visitors will also have the opportunity to

experience the relaxing and educational atmosphere associated

with the Sea Cave Lounge. Members will be entitled to enter the

Lounge, a subterranean cavern surrounded by viewing windows into

the lagoons and reef trails which members recently toured. In

the Sea Cave Lounge, visitors will have the opportunity to relax,

enjoy a beverage, snack, converse, and listen to music.

1.1.4

it twists and turns exposing new vistas and habitats, and

different marine life forms. EnterOcean participants will be

treated to the physical experience of being underwater without

danger, the visual experience of seeing the ocean world from the

vantage point of the ocean dweller, as well as experiencing the

sounds of the marine environment, coupled with an interesting and

informative lecture about the habitats and sea life they are

witnessing. Whale sounds will be heard as if they come from the

deeper ocean near the reef trails. At one point on the trail,

the vehicle will proceed into a cave, where the vehicle will pass

close to a group of roving sharks, which are safely contained

behind transparent acrylic windows. There will be no dangerous

currents or waves. The controlled environment and use of the

Dolphinaire vehicle will insure the Club Members a safe and

secure experience.
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As stated above, the EnterOcean facility will consist of a

network of manmade saltwater trails, with containment walls

constructed from reinforced concrete. The concrete structures

,will be camouflaged by artificial rock and coral formations.

There will be three principle bodies of sea water, two of which

will incorporate island formations designed to create closed loop

trails. The third will be smaller, and designed as a habitat for

large ocean fish, including sharks, rays, and other predators.

1.2 THE ENTEROCEAN FACILITY - PHYSICAL DESCRIPTION

In stark contrast to the subterranean environment of the

Sea Cave, a central island will offer a lush tropical garden

surrounded by water. During the day, Club Members will have the

opportunity to wander the jungle trails and admire the tropical

plants. In the evening, the island will be the scene of special

parties, hosted by the EnterOcean staff. Entertainment will

include both popular and ethic music and dance. Food service

will be provided, emphasizing Chamorro and other ethnic foods, as

well as more conventional items.

1.1.5

Periodically, a guide will conduct lectures on the natural

history of the sea life which Members experienced.
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Separated from the structural water containment walls of

The roof structure of the cavern will be essentially flat,

constructed from heavy reinforced structural concrete. Atop the

roof structure will be a three quarter acre 'island' with jungle

trees, ground cover, pathways and grassy clearings.

The entrance to this cavern network will be through two

parallel passage ways, each leading to a small cavern enclosing a

subterranean waterway. Located within each cavern will be a

Dynamic Motion Simulator platform disguised as a high tech

submarine. Each submarine will contain two doors, one for

entrance and one for exit. The exit door will connect with

passageways leading to the subterranean cavern system.

The large lagoons trails, each containing a water surface

area of approximately 20,000 square feet, will be arranged so

that the inner structural water containment walls define an

enclosed dry space of approximately 24,000 square feet in size.

within this space there will be additional smaller display

aquariums as well as acrylic underwater viewing windows.

Additional dividing walls are used to define passageways. The

entire inner building will be naturalized with artificial rock

work to create the impression of a winding series of cavern

passageways, which open into underwater viewing windows onto the

'ocean' beyond.
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The several lagoons and marine display tanks will contain

approximately 3 million gallons of seawater. It will be

necessary to pump natural sea water through the lagoons and tanks

at a relatively high flow rate (15,000 gpm) to maintain a safe

and healthy environment for the population of fish, corals,

invertebrates, as well as permit humans to physically share that

environment. Seaw3ter will be pumped to the lagoon and returned

1.3 SEAWATER INTAKE AND OUTFALL SYSTEM

The main entry building will be architectural, as opposed

to natural, in character. This single story structure will

contain the admissions counter, a gift shop, changing rooms for

men and women, and the administrative offices. It is designed to

allow access to all the active components of the facility, and

provide the transition to the different activities available to

visitors. Figure 1-1 depicts the surface level of the floor

plan. Figure 1-2 portrays the underground plans, and Figure 1-3

illustrates the artist's rendering of the proposed project.

one of the two lagoon trails will be third lagoon. This will

also be fully naturalized with synthetic rock and corals. This

lagoon will be from 3 to 8 feet deep and offers a free snorkeling

arena with a simulated ship wreck. Service areas for physical

and biological maintenance, underwater vehicle maintenance, and

equipment will be located within the containment structures.
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Recent tourist demographics favor younger Japanese, which

as a group, are more active and water oriented than any other

tourist group. Based on 1994 visitor count projections, 73% of

Guam's tourists are Japanese. A total of 800,000 Japanese

visitors are expected in 1995. Exit interviews conducted in 1992

revealed that 80% of Japanese visitors came to Guam for the

'beautiful seas'. A vast majority of Japanese vacationers in

Guam participate in some kind of ocean recreation, including jet

ski rental, snorkeling, SCUBA diving, parasailing, and other

activities that are provided for the tourist resident population.

In 1989, the Gu~m Visitor Bureau conducted a survey of visitors

from Japan. For every visitor who actually experienced a SCUBA

The United states Territory of Guam, located in the

western Pacific 3,300 miles from Honolulu and 1,500 miles from

Tokyo, is one of the premier tourist destinations in the

hemisphere. It is within four air hours of nearly three-fourths

of the world's population.

1.4 PURPOSE AND NEED

by gravity to the ocean through 30 inch diameter high density

polyethylene (HOPE) pipes. This system will provide the lagoons

with a turnover or residence time of three hours. Details of the

intake and outfall system are dLscuaaed under Construction

Impacts.
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The risk of an unsatisfactory experience is a factor in an

uncontrolled environment. If the weather is not perfect, wave

and current action can create stress and endanger the

Time and the location of dive spots prove to be a

deterrent for many visitors. Visitors must be transported to the

area of the dive operator, trained in the use of SCUBA equipment,

transported by to the actual dive site, and then experience a

dive that mayor may not expose them to the natural wonders of

the ocean. Their journey back to the hotel from the dive

location is repeated, making the excursion tiresome and possibly

very lengthy in time.

In general, SCUBA diving is limited to only a small

percentage of Guam's visitors by several factors. Among these

are time, risk of an unsatisfactory experience, and the

possibility of injury.

dive, there were 6 more who said they would like to. That year,

over 75,000 Japanese visitors experienced SCUBA, out of 680,000

total visitors. Thus, only 11% of Japanese visitors actually

enjoyed a SCUBA dive, but 66% said that they would have liked to.

An August 1994 visitor index participation index found an

increase from the reported 1989 11% to 13%. These figures

indicate that the interest in dive tours remains prevalent in

Guam and has not been fulfilled by any other available option.
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First, the EnterOcean facility has been designed such that

·a full 80% of a visitor's time will be spent underwater rather

than in transit or training. The project's location is within a

few minutes travel time of most visitor's accommodations.

orientation to the specially designed group diving equipment will

be completed in minutes.

The EnterOcean Facility will provide an alternative means

of exploring the marine environment to people unwilling to risk

the diving experience. In order to do so, the project seeks to

systemically address each of the barriers discussed above.

There are also many real and perceived dangers inherent in

a SCUBA dive. Failure to follow dive regimes can result .in'

embolism or narcosis, which can be painful or fatal. The risks

involved in diving are real and should not be taken lightly.

Special training and attention is needed for individuals who

differ in language and cultural perceptions in order to ensure

diving instructions are clearly understood. Breakdowns in

communication and errors in interpretation can have serious

consequences for the inexperienced diver.

inexperienced diver. Recent storms can also contribute to poor

water visibility. Finally, improperly trained guides can

inhibit a successful experience.
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People of nearly all ages and physical capabilities will

be able to enjoy the EnterOcean dive experience in guaranteed

safety. They will be assured a satisfying experience, and

Finally, the EnterOcean dive experience has been carefully

designed to ensure visitor safety. Participants will 'dive', at

snorkel depth, while being towed behind a low speed, guided,

group diving vehicle. Participants will breathe compressed air,

but at a shallow depth to preclude air embolism or lung expansion

injuries. Use of a guided vehicle will prevent participants from

harming or being harmed by any of the sea creatures inhabiting

the reef environment. This special underwater tow vehicle will

also be equipped with a communication system used for both

entertainment and education. As an added bonus, information will

be presented in the visitor's native language.

Additionally, the EnterOcean facility's reef environments

will be man made, utilizing state of the art.technology to create

realistic captive habitats for ocean creatures. Marine life will

be consistently there for the visitors' experience. The

EnterOcean facility's controlled environment will offer the diver

many experiences that they may not be exposed to in the actual

ocean. Use of clear acrylic underwater panels will allow safe

,face to face' encounters with sharks and other dangerous

denizens of the ocean. Exposure to the marvels of the marine

environment will be virtually assured.
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. B. Final Environmental Assessment, Hilton Lagoon Project,

Hilton Hawaiian Village, AECOS, Inc. June 1994.

GMP Associates, Inc. December 1992 •

Hotel and Condominium Development, Gun Beach, Guam.

A. Draft Environmental Impact Assessment for Gun Beach

1.6 RELEVANT EIS AND EIA'S THAT INFLUENCE THIS ASSESSMENT

into the ocean at Gun Beach. Figure 1-4 shows the general

location of the Tumon Bay area of Guam.

Project seawater intake and outlet piping will extend!fiiiiionBay.

the ~xtre~e northern end ofvicinity

The project will be located within the Tumon Bay area of

actual EnterOcean faciliey will be cons~ructed inlandGuam.

1.S PROJECT LOCATION

a conventional introductory SCUBA dive.

experience in both time and money will be considerably less than

An added incentive is that the cost of the EnterOcean dive

knowing that they have not damaged the natural ocean environment.

acquire the appreciation that they will have gained knowledge

when the experience has ended. Visitors will also walk away
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Tentative Development Plan approval is granted by the

Territory Land Use Commission (TLUC). Territorial Seashore

Clearance Application approval is granted by the Territorial

Seashore Protection commission (TSPC). Both applications are

administered by the Department of Land Management (DLM). This

EIA is intended to accompany these applications. Additionally,

both applications are reviewed by the Development Review

Committee (DRe). as part of the approval process. The following

agencies will review and comment on these applications and the

A. Tentative Development Plan

B. Territorial Seashore Clearance Application

C. Submerged Land Easement

D. Building Permit

The EnterOcean facility will require the following

Government of Guam Permits:

1.7 GUAM PERMITS AND IMPLEMENTING AGENCIES

D. Draft Environmental Impact Statement Microdredging of

Tumon Bay, Barrett Consulting Group, Inc. July 1988.

C. Final Environmental Impact Assessment for the Landing

of High capacity Digital Submarine Telephone Cables at

Gun Beach, Tumon Bay Guam.
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Department of Land Management for the conformance
with conditional approval.

required. The building permit application must be approved by

the following agencies:

permit for construction. Completed construction drawings and a

construction oriented written Environmental Protection Plan are

Subsequent to the project approval process, the EnterOcean

facility will require a Department of Public Works building

separate Submerged Land Easement Application which is also

reviewed by selected DRC committee members.

Application, the Department of Land Management requires a

In addition to the Territorial Seashore Clearance

Agency position statements regarding project approval conditions

are d~e within 90 days.

agency will can formulate a request for additional information.

Department of Land Management
Bureau of Planning
Division of Aquatic & wildlife Services in the Dept.

of Agriculture
Guam Environmental Protection Agency
Department of Commerce
Department of Parks & Recreation and Territorial

Historical Preservation Officer
Public utility Agency of Guam
Department of Public Works
Chamorro Language Commission
Guam Fire Department
Department of Public Health and social Services

within the first 60 days of this review period, each

draft EIA during a 90 day review period.
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The project Section 401 water Quality certification will

A. section 401 Water Quality certification

B. certificate of Consistency

following locally approved documents and applications are

required by the Army Corps of Engineers prior to processing a

,permit:

An Army Corps of Engineers (ACOE) permit is required for

construction of the seawater intake and outlet structures. The

(NPDES) permit

B. National Pollution Discharge Elimination System

A. Army Corps of Engineers (ACOE) permit

Government permits:

The EnterOcean facility will require the following Federal

1.8 ' FEDERAL PERMITS AND REQUIRED LOCAL SUPPORTING APPROVALS

Guam Power Authority (GPA)
Guam Telephone Authority (GTA)
Public utility Agency of Guam for utilities (PUAG)
Department of public Health (DPH)
Department of Parks and Recreation for

historical preservation.
Division of Aquatic and Wildlife Reservation (DAWR)

for clearing and marine exhibits.
Guam Environmental Protection Agency (GEPA)

for the Environmental Protection Plan (EPP).
Guam Fire Department
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A National Pollution Discharge Elimination System (NPDES)

permit, issued by the USEPA, is required prior to placing the

project aquarium water outfall into operation. No local

supporting documentation is required for this permit.

Similarly, a certificate of Consistency is required by the

Guam coastal Management Program and is issued by the Bureau of

Planning. The purpose of this certification is to ensure project

compliance with goals and standards of the Guam Coastal

Management Program.

be prepared by the Guam Environmental Protection Agency. The

purpose of this certification is to ensure cqmpliance with

sections 301, 302, 303, 306, and 307 of the clean water Act by

allowing local governments to participate in the federal

permitting-process.
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Four project alternatives were identified during the

environmental assessment process. Three of these alternatives

consist of differing project sites. Each site is capable of

accommodating the same marine aquarium facility and is located

near a source of seawater. These alternative sites differ in

proximity for the visitor and resident population, existing

development and land use, lift station construction feasibility,

,expected construction cost, and environmental impact. The fourth

project alternative is no action resulting in cancellation of the

proposed facility.

2.1 DESCRIPTION AND SUMMARY OF ALTERNATIVES

Evaluation of project alternatives is a critical component

of the environmental impact assessment (EIA) process. This

section outlines and evaluates identified alternatives for the

EnterOcean project.

2.0 PROJECT ALTERNATIVE ANALYSIS

ALTERNATIVE ANALYSIS

SECTION 2
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The Government of Guam has zoned Tumon Bay, including Lot

10113-R3, as a hotel/commerci~l zone. The proposed project is in

accordance with this zoning. As a result of the presence of

The actual EnterOcean project site occupies only a 18,000

square meter (four and one half acre) portion of Lot 10113-R3

located approximately 845 feet from the shoreline. Figure 2-2

protrays the location of the Enterocean facility within lot

10113-R3. The site is situated along side a picturesque bluff

which gives the impression of isolation without the actual

inconvenience of detachment from local services. The ocean side

of the prope=ty fronts Tumon Bay and the Philippine Sea. The

shoreline in the area includes an ancient uplifted coral reef

forming an extensive reef flat, which drops off quite rapidly

into deep waters. Little previous development characterizes the

Calvo property which is currently an undeveloped lot.

Construction'at Gun Beach is the preferred project

alternative for the EnterOcean facility. Property under

consideration for the project, Lot 10113-R3, is presently owned

by Calvo Enterprises. This lot is located in the northern

section of Tumon Bay. Its neighbors include the Naval

Reservation, Nikko Hotel and Fafai Beach. Figure 2-1 portrays the

adjacent property owners and locality of the proposed project.

Gunl[eClch.2•1.1 fiSt Alterna"':i.ve .
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An alternative location for the EnterOcean facility is the

construction at Hospita;L:Site, Ypao Point

Lot lOl13-R3 is within an existing tourist and commercial

area. The lot is centrally located and is within close proximity

of major attractions, shopping, and recreation areas. This site

is conveniently accessible by visitors who travel by car, foot or

public transportation. Local residents are also able to

conveniently access the area through the major routes that exist

on the Island.

Figure 2-1 also portrays the two roadway easements in the

Gun Beach area. An existing coral road approximately follows the

southern easement. The EnterOcean seawater intake and outfall

will be located on a private easement to the north of this

existing coral road. The proposed project access road and

utility lines will be located in the northern easement. Existing

public access to the beach will not be disrupted by the proposed

project.

extensive existing roads, power supply systems, and other

utilities, minimal requirements exist for new project related

infrastructure. In ~ddition, the proposed project complements

previous Tumon Bay planning and cons'czuct.Lon and will act as an

asset to the area's hotel and tourism industry.
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The former hospital building has depreciated and is unfit

to be used for any purpose. Demolition of the standing structure

will require extensive foresight for the removal of asbestos and

possibly other hazardous materials.

At the present time, the Ypao Point Hospital site is not

available for development. The property is owned by the

Government of Guam and consigned to the Chamorro Land Trust

commission restricting commerical development. A public opinion

survey was conducted by Merrill & Associates, Inc. in 1992 to

determine the public's desire for the future use of·this site.

This survey determined that 76% of the overall population felt

the property should be used for multi-purpose development,

meaning both commercial and public use. Additionally, Merrill &

Associates recommended through review by the government prior to

any final development decision.

former hospital site located at Ypao Point. This parcel of land

sits upon a high cliff that overlooks the Philippine Sea. The

upland area is in a~identified seismic fault·zone. Recent

earthquake activity is visible along the cliff fronting the ocean

of Ypao Point where a portion of the gradient fell during the

recent earthquake of 1993. The lot is approximately sixty'acres

in size. Its neighbors include residential developments to the

east and south, as well as the Guam Hilton Hotel located to the

North.
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2.1.4 4th Alternative. No Action

One third of Cocos Island has been designated as a bird

sanctuary. The remaining portion of the island has been leased

by Japan Airlines. Their investment in the area was interrupted

by typhoon tlBryan"in 1992 and has since been replaced with a day

only recreational center.

Cocos Island is located approximately 8,000 feet (one and

a half miles) offshore of the southern tip of Guam. The island

is approximately 232,335 square feet in area. Cocos Island is

surrounded by both the Pacific Ocean and Philippine Sea requiring

transportation by boat.

2.1.3

The existing site environment and its position above sea

level are major deterrents for construction of an EnterOcean type

facility. Existing uevelopment to the east and south is

residential. Development of a recreational facility may have

adverse effects upon this residential community. The site's

elevation, 100 feet above sea level, imposes extra costs and

technical difficulties during construction of a seawater intake

and outfall system.
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Two sets of criteria are used to evaluate identified

project alternatives. An analysis of initial screening criteria

is used to determine if a project alternative is appropriate for

further consideration. Subsequently, refined criteria are used

2.2 SELECTION AND APPLICATION OF EVALUATION CRITERION

The Gun Beach site is an exceptional attractive setting

that deserves a unique and valued undertaking which would both

complement the overall planning of Tumon Bay and provide a new

recreational and educational feature for both visitors and

residents of Guam. If the no action alternative was exercised,

Guam would lose a unique ocean facility which promotes both

education and ecotourism. In addition, projected job creation in

the areas of aquatic wildlife maintenance, education services,

and other ecotourism related areas would not take place under

general development.

Analysis of a no action alternative is subjective because

of the inability to predict future events. However, if the

EnterOcean Group was~to relinquish plans for construction of a

recreation facility in Tumon Bay, the undeveloped land may be

chosen for future hotel, high rise residential, or another type

of recreational or commercial use. There is a high probability

that such development will ultimately occur based on continuing

increases in visitors and hotel occupancy rates.
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2. Former Hospital Site (Ypao Point):

1. Gun Beach:

The Gun Beach site is privately owned by the Calvo

Enterprises. The EnterOcean Group has an existing

25 year lease agreement with the option to renew

the lease for two consecutive periods of ten

years. Project development on the Gun Beach site

is feasible without further lease negotiations.

A. Land Ownership:

As stated above, initial screening is used to determine if

a project alternative is appropriate for further consideration.

Initial screening criteria used in this analysis were: land

ownership, lot size, and ocean intake/outfall feasibility. As a

result of this screening analysis, the Ypao Point Hospital

location is dropped from fUrther consideration. Discussion of

these evaluation criteria is as follows:

2.2.1 Initial Screening Analysis

to evaluate remaining project alternatives. Section 2.2.1

contains the initial screening analysis for the identified

Enterocean project a~ternatives. Section 2.2.2 contains the

refined analysis.
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4. No Action Alternative:

Land ownership issues are not applicable to the no

action alternative.

3. Cocos Island:

Cocos Island is currently designated as a bird

sanctuary. The remainder of the property is

leased by Japan Airlines. A sublease with Japan

Airlines has currently not been initiated.

However, project completion on Cocos island is

feasible after appropriate negotiation.

The former hospital site at Ypao Point is

government owned and may not be available for use

by a private developer. However, the Government

of Guam is actively s·eekingto identify project

alternatives which would remove the existing

abandoned hospital and add value to the community.

The Government of Guam would presumably consider

an EnterOcean type development on the site if

offered the correct incentives by the developer.

Project development on the Ypao Hospital site is

feasible after appropriate negotiation.
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1. Gun Beach:

The reef margin and shoreline fronting the Gun

c. Ocean Intake/Outfall Feasibility:

Lot size issues are not applicable to the no

action alternative.

4.

3. Cos-os.IsJand':

The Cocos Island site is 232,335 square meters in

area. Lot size is sufficient for the proposed

development.

2. ~or1ilerHO'spit:aIs-rte (Ypa'oPoint):

The Ypao Point Hospital site is 243,064 square

meters in area. Lot size is sufficient for the

proposed development.

Lot 10113-R3 at Gun Beach is 87,500 square meters

in area. Lot size is sufficient for the proposed

development.

1.

B. Lot Size:



317700.002-5242-12

Beach site has been used by telephone companies

AT&T and PacRimWest for the landing of three

cablea. These cables occupy an existing trench

approximately ten feet deep. Construction of a

seawater intake and outfall structure is similar,

in many respects, to construction of a cable

landing. Completion of required seawater

recirculation structures is feasible at the Gun

Beach site.

2. Former Hospital site (Ypao Point):

This site is located approximately 100 feet above

sea level atop a vertical cliff. Additionally,

the shoreline and surrounding waters are not

protected by a reef and are directly exposed to

strong currents and storm waves. A seawater lift

station at this project site will have

considerable energy costs because of the

elevations involved. In addition, construction is

technically difficult because there is no

available property at near sea level on which to

locate the lift station. Although technically

possible, the combination of vertical cliffs and

high project site elevation make construction of a

seawater intake system non-feasible at this

location.
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A. Project Location:

The location of the site is critical for the overall

planning of the proposed project. Location used as a

criterion in site selection assists in determining

whether the site meets the project's overall goals.

As previously stated, a refined analysis is used to

evaluate remaining project alternatives after completion of a

screening analysis. Refined analysis criteria used in this

analysis were: project location, proximity to visitors, the

existing environment, natural beauty, construction/operations

impact, and cost. Remaining project alternatives are evaluated

against each refined analysis criteria. However, evaluation

criteria are generally not applicable to the no action

alternative. Results are tabulated in Table 2.1. Discussion of

each evaluation criteria is as follows:

2.2.2 Refined Analysis

3. Cocos Island:

The Cocos Island site is bord~red by a lagoon on

one side and faces the Pacific'Ocean on the other.

Construction of an intake/outfall system into the

lagoon area is undesirable due to ecological

considerations. Construction directly into the

Pacific Ocean is feasible.



TABLE 2.1
COMPARISON OF REFINED CRITERIA FOR SITE SELECTION

PROJECf ALTERNATIVES
,-i"" ,::&iM~~"~ u" l "'~\~~1'~:'¥~*m'~~~'''' ;~';~J/:0int1~t:~:'P:'''''''·''''~-;A~'{l

CRITERIA t"':" .....GtJlif ~BFAOI ~ "CocoSii ISLANI)l/i0;-I'}j:¥.tL" "~~,, '" ,',," ~ ff , " .. ""',,',,_" ~'" ",:,;l WHLNq,(AcnoND1%y ft
LOCATION EXCELI.ENI' EXCELLENT N/A

PROXIMITY EXCELLENT POOR N/A

EXISI1NG GOOD POOR N/A
ENVIRONMENI'

NA11JRAL BEAUfY EXCELLENT EXCELLENT N/A

CONSTRUCTION/ MED/LOW HIGH/HIGH POTENl1AU. y
OPERATION IMPACf WORSE

COST 537,000,000 $39,000,000 N/A

...
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2. Cocos Island:

Cocos Island is located approximately 2 miles

offshore from the southern tip of Guam. It is

surrounded by an ecologically sensitive lagoon,

the Pacific Ocean, and the Philippine Sea. A boat

is necessary for transportation. A bird sanctuary

covers a third of the island, with the remaining

portion occupied by an investment with Japan

Airlines. Cocos Island is also zoned H. This

project location is also evaluated excellent.

1. Gun Beach:

The Gun Beach project site is zoned H. The

proposed project is in conformance with existing

zoning. This site is approximately 845 feet from

the shoreline and is fronted by a marginal reef

flat. Gun Beach is located in Tumon Bay which is

located in the central western coast of Guam.

This project location is evaluated as excellent.

Location takes into consideration: 1) the zoning of

the site; 2) its vicinity to the ocean and the existing marine

environment; and, 3)~it examines the overall location with the

entire Island of Guam taken into consideration. The following

sections discuss the three remaining alternatives with respect to

location.
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C. The Existing Environment

Evaluation of the existing environment involves

consideration of the type of environment that

surrounds the site and the type of activity that is

present. This criteria enables the study to take into

consideration the overall planning of the area and

allows the proposed development to complement the

existing environment.

2. Cocos Island:

Coco's Island is given a rating of poor because it

is located well outside of any major hotel

district.

1. Gun Beach:

Gun Beach is given a rating of excellent because

it is within a two mile radius of Tumon Bay, the

major hotel region.

B. Proximity to visitors:

The proximity of the site to visitors is critical

because o£ its'role in projecting the success of the

project. When taking proximity into consideration,

the planner reviews the distant of the site to

relative hotels, commercial areas, and neighboring

housing districts.
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D. Natural Beauty:

The natural beauty criteria is extremely subjective

because it involves each individual's perspective.

Each alternative site is set in a scenic area and are

all justifiable attractive. All sites under

2. Cocos Island:

The Coco's Island site has both a designated bird

sanctuary and existing development by Japan

Airlines. The presence of a major tourist

attraction on an isolated island is not in harmony

with the areas existing level of development.

Project development at the Cocos Island location

is evaluated as poor with respect to the existing

environment.

1. Gun Beach:

The Gun Beach site is within a H zone area and is

neighbored' by the Nikko and Okura Hotel. Although

apparently isolated, "hotels, restaurants, and

shopping areas characterize the area. The

proposed undertaking is complime,ntary to presently

existing development and respectful of the areas

scenic beauty. project development at the Gun

Beach location is evaluated as good with respect

to the existing environment.
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1. Gun Beach:

a. Project Construction:

The proposed project site requires extensive

excavation due to the slope and surrounding

bluff. Approximately 150,000 cubic yards of

material will be excavated with a portion used

for backfill. The remaining fill is expected

to be disposed of off site. Removal of

E. construction/Operations Impact:

The environmental impacts of an undertaking are

difficult to evaluate independently for each specific

site. The amount of impact the environment receives

is dependant on the specific alternative site and

technology used to develop the area. An evaluation to

determine which site would receive minimal impact is

one of the goals of responsible planning. Evaluation

of this criteria will discuss the possible

environmental impacts for each alternative site and

the no action alternative. Each site will then

subjectively be graded both for the impacts inflicted

during the construction phase and those impacts that

may occur after project completion.

consideration were evaluated as excellent with respect

to natural beauty.
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vegetation and alterations to ground cover

will result an increased probability of

erosioh. The removal of flora may effect the

coexisting fauna which are expected to take

temporary refuge in surrounding areas.

Appendix A lists the specific species recorded

in the Botany study that will be affected.

Project construction will result in extension

of the existing access road, use of energy

resources, accumulation of solid waste, and

potable water use. An increase in vehicle

traffic, workers, and the use and storage of

construction equipment will effect noise level

and air quality, resulting in the disruption

of the existing environment and an increase in

resource use.

construction of the intake/outfall structure

will inflict a loss of marginal reef and

marine wildlife, reduce water quality, and

restrict recreational activity in the area due

to the large crane and barge. with the

appropriate mitigation measures, erosion plan,

and environmental protection plan, the

expected impacts are minimal. The value given

to the environmental impact criterion during

the construction phase is medium.
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2. Cocos Island:

a. Project Construction:

The Cocos Island site is located one and a

half miles offshore from the most southern tip

of the Guam. Transportation to the island is

b. Project operation:

The nature of the completed facility is such

that environmental impacts·will be kept to a

minimum. Expected impacts will occur with

increased visitor and vehicle traffic affects

to noise and air quality, solid waste

accumulation, resource use, and the

introduction of flora species into the area

due to landscaping.

The intake/outfall structure will have minimal

impact on water quality, marine life, and the

neighboring reef. Studies of similar

facilities in Hawaii and California indicate

that there is no expected change in

temperature, pH, density, salinity, or

organic/inorganic water quality parameters

between the existing seawater and the outfall

seawater. A value given to the environmental

impact criterion for project completion is

low.



317700.002-5242-:21

b. Project operation:

by boat. Excavation and construction required

for the proposed project will place a high

demand'on energy, labor, and other resources.

The removal and displacement of vegetation and

wildlife may have an adverse effect on the

bird sanctuary which shares the island. The

increase of ercsion will effect water quality,

ground cover, and the existing environment.

Expansion and implementation of utilities will

have impacts both on the marine and

terrestrial ecosystems of the island of Guam

and Cocos Island. Construction of the

intake/outfall structure will take place in

the area of a sensitive lagoon environment.

Reduction in water quality during the marine

construction may have adverse impacts on the

reef and wildlife. Introduction and increase

in traffic to Cocos Island will contribute to

the expected impacts. The proposed facility

will require extensive precautions and

comprehensive mitigative measures during

construction. The value given to the

environmental impact criterion is high for the

construction phase.
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F. Cost:

The qost of the Enterocean facility is partly

determined by the specific excavation and construction

3. No Action Alternative:

The no action alternative would leave the Gun

Beach site in its current undeveloped state. No

adverse impacts would result, however, no benefit

to the community would occur either. There would

be no fiscal benefits, no innovative and unique

recreational facility introduced to the island of

Guam. Additionally, potential future impacts from

other, more conventional development would be as

great or greater than the proposed EnterOcean

facility.

The environmental impacts which the completed

project are projected to have on Cocos

Island~s environment are similar to those

described for Gun-Beach. However, due to the

sensitive marine ecosystem, the bird

sanctuary, and the remoteness of the site; the

environmental impacts are expect to

substantially alter the existing environment.

Based upon the sensitivity of this site, the

value given to this criterion is high.
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The analysis to determine the most suitable alternative

site is a fundamental component of the EIA. The exercise of

evaluating the alternatives provides an assurance that the best

location for the proposed undertaking has been given fair

2.3 SITE ELIMINATION ANALYSIS

.2. Cocos Island:

The cost of grading, transporting materials,

providing water and utility services, construction

of the structural and mechanical features and a

intake/outfall system will be approximately 5 to 6

million dollars. Total project cost is an

estimated 39 million dollars.

1. Gun Beach:

The cost of grading, excavation, construction of

the structural and mechanical features, and the

installation of the intake/outfall system will be

approximately 4 million dollars. Total project

cost is an estimated 37 million dollars •

work required. Cost differs with each alternative

site due to the existing environmental conditions.

Alternative project sites have been analyzed with

respect to the projected cost.



317700,OO2-S242-24

Initial screening analysis removed the Ypao Point Hospital

alternative from further consideration due to seawater intake

feasibility concerns. The two remaining alternative sites and

the no action alternative were measured against one another using

the refined criteria analysis displayed in Table 2.1. The

comparison of differing criteria against each other in site

selection is subjective in nature. However, the proposed Gun

Beach project site was rated as superior or equal to all other

considered alternatives in every evaluation category. Based upon

this analysis, the Gun Beach site has been determined as the most

appropriate site for the proposed undertaking.

scrutiny and review. The process of elimination of the

alternative sites has been based on the screening and refined

criteria analysis described in sections 2.2.1·and 2.2.2. These

criteria investigated factors which involved environmental

concerns, location and proximity of each site, seawater access,

existing development, and the issue of cost.
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north end Qf Tumon Bay and

Amantes Poin~, which is also known as Two

Lovers Point. The Gun Beach lot, 1011J-RJ, fronts a

beach approximately 1,000 feet long and is backed by a

gently sloping coconut grove which adheres to steep

cliffs that rise to the limestone plateau

A. Terrestrial

3.1.1 General

The following section outlines the existing environment

for the proposed site, Gun Beach. The information is derived

from a Botanical Survey by Botanical Consultants (1991), an

Archaeological Inventory Survey by PHRI (1992), and Environmental

Baseline Survey by PBEC, Inc. (1992). In association with the

University of Guam Marine Laboratory, "Coral Communities,

Macroinvertebrates and Bottom Cover on the Fore Reef at Gun

Beach" by Pauley et. al. (1994), and IIForeReef Fishesll by Steven

S. Amesbury (1994) are used for the purpose of this EIA. These

surveys are enclosed in the Appendices at the end of this report.

3.1 PHYSICAL CONDITIONS

EXISTING ENVIRONMENT AT GUN BEACH. TUMON BAY

SECTION J
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of loose sediments. The reef flat lacks a well

shallow subtidal reef flat that is dominated by a

lightly dissected reef pavement and is largely devoid

beach front and a 100 meter wide, low intertidal to

The coastal area at Gun Beach is comprised of a sandy

(120 feet) depth (Duenas & Assoc., 1993).

slopes downward to a sandy terrace at around 36 meters

or outer edge of the reef flat, the bottom drops away

quickly to a depth of around 3 meters (10 feet), then

feet) off the shore at Gun Beach. At the reef margin

exposing at low tides, extends some 140 meters (460

by an old uplift coral reef. The shallow reef flat,

The ocean fronting the Gun Beach site is characterized

rubble.

and comprised of coarse limestone sand with some

Gun Beach is approximately 14 meters (45 feet) wide

and extends from Biija.Point to Dos Amantes Point.

There are high limestone outcrops that form steep

cliffs at the shore. The beach is moderately steep

B. Marine

area.
t

Rroject siee is 18,000 sguare me~ers i~

is approximately 87,500 square meters and the proposed

characteristic of northern Guam. The total lot area
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The marine environment dominates the proposed project

site and includes a relatively narrow, 6 meter (20 ft)

wide intertidal zone. currents measured in the

proposed project vicinity are generally slow with

variable direction. Wind driven waves are normally

under 2 meters (6 ft); however, higher waves may be

associated with periodic storms. Severe waves are

sometimes associated with a mean range of 0.5 meter

(1.6 ft) and a diurnal range of 0.7 meter (2.3 ft)

(Randall and Holloman, 1974). These tides create

tidal currents at Gun Beach, described by Duenas &

Assoc., (1993) as flowing basically seaward in a

westerly direction.

developed reef crest and gives way to the fore reef"in

a zone characterized with poorly developed spur and

groove. On basis of geomorphology and coral

communities, the fore reef can be divided into three

major zones: 1) a shallow reef front, to a depth of 2

to 4 meters; 2) a relatively flat, even reef terrace

between 3 - 15 meters; and 3) a steeper deep reef

slope starting around 15 meters depth and continuing

to considerably greater depths. These three zones

were surveyed in the vicinity of the AT&T cable.
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A. Terrestrial

The Gun Beach has two distinct topographical regions,

the seashore and coconut grove. These follow a

gradually slopping area which is surrounded by steep

slopes rising to the northern Guam plateau. The

slopes range from 2% near the shore, to 24% at the

base of the cliffs, to over 80% along cliff faces.

3.1.3 Topography

The predominant soil formation is Ritidian - Rock outcrop.

The Ritidian soil covers about half of the surface. The

secondary soil is Shioya loamy sand which is found along the

beach ·where it can be deposited by wave action. Shioya soil is

much deeper than the Ritidian soil and much more evenly graded.

Both soil types are permeable and have low levels of available

water.

The Gun Beach area was formed by the slumping of the

limestone bedrock. This formed the steep cliffs and the sloping

shelf extending into the ocean. The limestone is of the Mariana

formation, which is a very porous and weathered rock. The

limestone bedrock is exposed on most of the cliff face and

scattered areas of the plateau.

3.1.2 Geology
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A shallow reef flat extends some 140 meters (460 feet)

off the shore at Gun Beach. Most of the reef flat is

dominated by a lightly dissected reef pavement and is

largely devoid of loose sediments (paulay, et al.,

1994). The reef flat can be divided into two zones:

an inner reef flat of mostly subtidal, sand bottom and

an outer reef flat of mostly limestone, sUbstantial

portions of which uncover at low tide. Areas of sandy

bottom extend seaward through the outer reef flat

where a manmade trench carries an international cable

into deep water and close to Bijia Point. This latter

area is described as a "wide, shallow channel that

B. Marine

Gun Beach is approximately 14 m (45 ft) wide and

extends unbroken from Bihia Point to Gongna Point on

which the Hotel Nikko sits. These points are high

limestone outcrops that form steep cliffs at the shore

just north of Tumon Bay. Gun Beach~ alse Knewn as

steep and comprised o~

some intermixed rubble.

The existing road into the Gun Beach area crosses a

saddle on the adjacent ridge. This saddle where Nikko

Hotel is located provides the most gradual slope into

the Gun Beach site.
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The general pattern of the temperature, precipitation,

relative humidity, and wind direction on the island of Guam can

3.1.4 Climate

.The reef flat lacks a well developed reef crest and

gives way to the fore reef in a zone.with poorly

developed spur and groove. On the basis of

geomorphology and coral communities, the fore reef can

be divided into 3 major zones: 1) a shallow reef

front, to a depth of 2m to 4m, 2) a low sloping, reef

terrace between 3 and 15 m, and 3) a steeper deep reef

slope starting around l5 m depth and continuing to

considerable greater depths (Paulay, et al., 1994).

At the reef margin (outer edge of the reef flat), the

bottom drops away quickly to a depth of around 3

meters (10 feet), then slopes downward to a sandy

terrace at around 36 meters (l20 feet) depth (Duenas &

Assoc., 1993). However, the fore reef slope also

comprises a terrace-like surface with a seaward edge

at around 10 meters (33 feet) depth (Paulay, et al.,

1994) .

exits the reef front" (PBEC, 1992), although the

existence of a channel in the reef off Bijia Point is

doubtful •
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During the dry

season, the mean monthly precipitation ranged from 3

inches to 6 inches. The mean monthly precipitation

during the wet season ranged from 12 inches to 13

inches. During 1945 to 1987, monthly mean rainfalls

B. Rainfall

During a period of 43 years (1945-1987), the mean

monthly precipitation ranged from 3 inches in March

and 13 inches in September. The mean total annual

rainfall is 89 inches. The

December and June, while the wet season falls between

The months of

A. Temperature

Based on a 38 year period (1945-1982) obtained from

NAS, Guam is characterized by a mean annual

temperature of 81.2 F. The mean monthly temperature

at NAS over this 38 year period ranged from 79.9 F in

February to 82.2 F in June. The average maximum

temperature was highest during the month of June at

86.0 F. The average minimum temperature was lowest

during the month of February at 74.5 F.

be obtained from the climatic records maintained and compiled by

the NOAA Weather Service Meteorological Observatory at the Naval

Air Station (NAS).
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D. Wind

Based on 38 years of observations between 1945 and

1982, the easterly tradewinds are dominant from April

to December. The prevailing wind from January to

March is from the east northeasterly direction. The

higher average wind speed, 7.4 to 9.4 mph, occurs

during the dry season in December to June. Tropical

storms and typhoons are most prevalent during the wet

season, however, typhoons can occur during the dry

season. Although Gun Beach is sheltered from

prevailing winds because of its location below the

level of the northern plateau, storms approaching from

the west can have a strong impact on the area.

c. Relative Humidity

During a 10 year period (1973-82), the mean monthly

relative humidity at 0700 in the morning ranged from

83 percent in January and February, to 89 percent July

through to September. At 1300 in the early afternoon,

the relative humidity ranged from 66 percent in March

to 77 percent in August. As expected, the higher

humidity occurred during the rainy season.

of 10 inches and 8 inches fell in July and November

(Duenas & Assoc., 1993).
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The waters off Gun Beach are classified by the Guam

Environmental Protection Agency (GEPA) as M-2 marine waters (GEPA

1992). M-2 waters are considered by GEPA as areas of "good"

water quality. Water in this category must be of sufficient

3.1.6 water Quality

An Environmental Baseline Survey performed for Gun Beach

indicates that the currents are generally slow and direction was

extremely variable during both low and high tides (PBEC, Inc.,

1992). The study concluded that the currents in the general area

are not strong during most days. However, currents in the area

are known to be extremely dangerous at unpredictable times of the

year and during high storm wave action.

The North Equatorial Current is influenced by the

prevalent northeast tradewinds and sweeps past Guam towards a

westerly direction. The current splits at the north or northeast

corner of the island, and flows around both the north and south

ends. Thus, the predominant current seaward of the reef margin,

off of Tumon Bay, should be significantly towards the southwest

direction. The temporary reversal of current direction related

to tidal changes is a common phenomenon in Guam marine waters,

and is expected to occur in Tumon Bay.

3.1..5 Currents
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In order to characterize the existing water quality of the

project site, AECOS Inc. cooperated with the University of Guam

(UOG) to collect and analyze water sample from the stations

distributed from the near shore area out to approximately 50

meters (165 feet) seaward of the reef margin. The stations used

to evaluate water quality patterns, shown in Figure 3-1, are

grouped into several categories based upon their location

relative to the reef.

The near shore reef flat was surveyed in 1992 (PBEC. Inc.,

1992) and some limited water quality measurements were made.

Samples were collected from just below the water surface close to

low water on the flood tide (Sept 24, 1992), and close to high

tide on the ebb tide (Sept 29, 1992). Results are presented in

Table 3.2 The values range from 1.14 to 12.50 NTU for turbidity

and from 2.4 to 18.5 mg/l for suspended solids.

quality to allow for the propagation and survival of marine

organisms, particularly shellfish, corals, and other reef related

resources. other important and intended uses, according to GEPA,

include mariculture activities, aesthetic enjoyment, and

compatible recreation inclusive of whole body contact and related

activities. GEPA maintains water quality criteria that are

applicable to the Territorial waters. Table 3.1 shows the water

quality criteria applicable to the proposed project area.
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All of the sample values were well within the range of

water quality criteria for M-2 waters with the exception of the

dissolved oxygen. DO saturation was less than 75% at station

MR5, station OS9, and station OD12. Turbidity levels as stations

NS1, NS3, and MR5 were more than 1 NTU higher than any of the

other.stations, but ambient turbidity across the reef flat

probably is frequently higher than in the waters seaward of the

reef.

dissolved oxygen and, the geometric means were calculated for the

remaining water quality parameters. The parameters, temperature,

pH, turbidity, suspended solids, chlorophyll a, and nutrients,

tend to decrease in value with distance from the shore. For

example, salinity decreases from the shore. However, dissolved

oxygen showed no trend with distance from shore.

salinity, andmeans were calculated for the temperature,

The present analysis of the water quality conditions in

the waters off Gun Beach is based on one set of samples collected

at 12 stations on November 29, 1994. Figure 3-2 protrays the

studies performed off shore of Gun Beach. The analytical results

are portrayed in Table 3.3. The data is categorized into

shoreline sets, mid reef sites, the ocean sites located just off

the front of the reef, and the ocean sites located off shore.

Table 3.4 and 3.5 display the non-nutrient and nutrient water

quality summaries from the samples collected. The arithmetic
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Although the survey revealed modest mean differences

between the reef flat and offshore waters, some significant

differences (P<O.Ol) were found in the two areas for some of the

parameters in Table 3.S. The significant differences in

temperature, turbidity, and suspended solids between the reef

flat and the waters seaward of the reef are significant for the

purpose of this project. In each of these cases, the high values

In general, water quality was good for both the offshore

and reef flat areas. The small differences in mean values for

most parameters indicate that water in the reef area was flushed

and replaced with offshore water over a short time period.

strong long shore currents were observed in the near shore waters

moving in a southerly direction and exiting the reef area and

rapidly replaced with offshore waters.

Comparison of the mean values indicate that there is a

natural break in the distribution patterns for a number of the

parameters, such as temperature, suspended solids, turbidity, and

pH. This allows the data to be further condensed or regrouped

into "reef flat" (stations NS1, NS2, NS3, MR4, and MRS) and

"offshore" (all other stations) regions for the practical

considerations and statistical analyses of water quality. Table

3.6 and 3.7 demonstrate the parameter values for non-nutrients

and nutrient water quality data for the regions titled reef flat

and offshore.
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A. Methods

An inventory survey of the property was conducted by

the firm of Paul H. Rosendahl, Inc., PHRI, in 1992.

This study consisted of a complete ground survey of

the project area which included excavations of 22

backhoe trenches along the beach stand, and 45 shovel

test pits on the limestone terrace. The purpose of

the survey was to identify areas of archaeological

artifacts and features of significance. The

3.1.8 Archaeological Features

The limestone bedrock at Gun Beach is very porous and does

not allow for the formation of streams or ponds to occur.

Rainwater percolates through the limestone down to the saturation

zone and then flows laterally to the shoreline. It emerges from

cracks and fissures along the intertidal and subtitle zones. A

study by Emery (1962) found the groundwater discharge rate to be

1.5 cubic feet per second at the adjacent Gogna Beach. This rate

is expected to be found at Gun Beach because of similar geologic

features.

3.1.7 Hydrology

table 3.6 and table 3.7 were found in the reef flat area.
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A total of five prehistoric sites and two historic

sites are identified in Figure 3-3. The largest

prehistoric site previously identified by the GHPO is

Site No. 66-04-0001, and contains both World War II

features and prehistoric materials. The other four

sites are much smaller in area and represent only a

few notable features. These sites are referred to as

site Nos. 66-04-0615 through 0618. The specific sites

that the proposed undertaking will effect are 66-04-

0615 and 66-04-0617. For the purpose of this study,

the method of radiocarbon dating has been used.

importance in the recognition of archaeological

objects is to ensure that a thorough historical

understanding of the area is developed, the

elimination of impacts during the construction phases,

and the application of future mitigation methods.

This process is in accordance with recommendations

made by the Guam Historic Preservation Office (GHPO).

This section summarizes the findings of the inventory

survey with reference to the specific areas related to

the construction and completion of the undertaking.

PHRI Archaeological Inventory Survey is include in

this EIA as Appendix B.



...J-c
ci\(.)
1_

(O(.!)
wO
ll.......Itoo
l1..W
-c
J:
U
(k:-c

c.n
W
I--Ul

cSo
N

>-
~cz
~a
CD
-c

(Ei ~ (



317700.00~S243-25

B. Prehistoric Sites

Site 66-04-0615 is located on raised limestone terrace

in the eastern portion of the project area. Portable

remains recovered include prehistoric ceramics, marine

shell and thermally altered rock. Feature B is a

large piece of coral rock located on the eastern edge

of Feature A. The Base is firmly buried in the black

soil with approximately 0.50 m extending above ground

surface. Feature A is identified as a midden area, or

refuse pile. Feature B is an unidentifiable coral

monument. It is unknown whether the two features are

related in significance.

PHRI's Archaeological Inventory Survey has classified

Feature A as having a Tentative Functional

Interpretation (TFI) being habitation. Feature B's

TFI is unknown. The CUltural Resource Management

Value for both features is high in scientific nature

and low in both Interpretive and Cultural Resource

Management perspectives.

Site 66-04-0617 is a cave located on the edge of a

large depression at the western edge of the raised

limestone terrace. The entrance to the cave is small,

0.5 m high by 0.5 m wide. The opening of the cave is

located beneath a large banyan tree which grows on the

eastern edge of the depression. The interior of the

cave measures approximately 6.0 m deep, 5.0 m wide,
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A. Terrestrial Flora

The vegetation of Guam's limestone plateau has been

influenced by a multitude of factors. Although pre­

European population had an influence on the

vegetation, the arrival of Europeans, World War II and

the introduction of alien species, has given Guam

significant modifications in the vegetation type.

These impacts are visible in the presence of

3.2.1 Flora

3.2 BIOLOGICAL DESCRIPTION

and 0.85 m high. A sparse scatter of prehistoric

ceramics, land and marine shell and nonhuman bone was

noted within the cave and on the surface in the

surrounding vicinity. Th'enonhuman vertebrate remains

recovered from this site are assumed as not being of

prehistoric cultural origin.

PHRI's Archaeological Inventory Survey has classified'

this site as habitation and is given a high value for

scientific research and a low value for both

interpretive and cultural nature. The PHRI survey has

described the concerned sites as having a General

Significance Assessment for information content only,

with further data collection recommended.
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introduced and secondary plants within the existing

forest. Today Guamrs forests are categorized as being

modified rather than solely replaced.

1. Mexican Creeper/Tangantangan Communityl

The forest vegetation at the top of the cliff

along the northeastern property line has been cut

down as shown Figure 3-4. This 20 meter wide

swath was trimmed and the area has grown back with

Tangantangan tress and Mexican creeper (Antigonon

leptopus) vines. Both Tangantangan and Mexican

creeper are recently introduced species. Figure

3-4 shows that the proposed undertaking will not

be effecting this vegetation.

2. Modified Limestone Forest community:

The cliff face below the Mexican

creeper/Tangantangan community is vegetated by a

modified limestone forest. The forest is deemed

modified because the area is so small that many of

the large trees usually associated with limestone

forests are absent and a fair number of introduced

species are present. The largest trees found here

are Pandanus and Fagot (Neisosperma

oppositiofolia). These large trees enable the
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epiphytic fern colonies to be present. The

understory contains smaller trees and shrubs such

as cycad, PaiPai, Ixora and (Eugenia) species, as

well as many ferns. Seedlings and vines make up

the ground layer vegetation. The northern cliff

is steep and rocky and is unabl~ to support tree

growth. The predominant vegetation on the cliff

areas is ferns.

3. Abandoned Coconut Grove:'

Figure 3-4 demonstrates that the central portion

of the property contains an abandoned coconut'

grove. This grove was probably CUltivated

previously and has become overgrown with neglect.

The mature trees include Breadfruit, Pandanus,

Pago, African tulip and Custard apple trees. The

ground cover is ferns, Mile-a-minute vine

(Eupatorium), and coconut seedlings.

From the point where Gun Beach Road crosses the

site and to the west, the persisting coconut

plantation is very disturbed and the vegetation

which grows among the trees consists of introduced

grasses such as Elephant grass, wild sugar and

Mission grass.

4. Strand Community:

There is a small area of strand vegetation

extending inland about 15 meters from the high
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B. Marine Flora

Only the shallow reef flat is an area of significant

algal growth off Gun Beach. The inner reef flat,

extending 30 meters (100 ft.) off shore, is mostly

sand bottom overlaying limestone. The outer reef

flat, where limestone substratum uncovers on low

tides, is an algal rich zone dominated by mats of

Boodlea composita, Gelidiella acerosa, and Gelidiopsis

intricata. A total of fourteen species of fleshy and

encrusting algae were identified in a previous survey

tide line. This area permits visitors to access

the beach by vehicle which has damaged the

vegetation extensively. The ground vegetation is

primarily Beach Morning glory, Bermuda grass and

wire grass. A few shrubs and trees are found,

although none of the trees are large. The­

varieties include Hunig, Pandanus, Kamachile,

Nonak and Nanaso.

5. Endangered Species:

No listed or proposed, threatened or endangered

plant species (USFWS 1990, GEPA 1987) were found

during the study. No such plants have been

reported from this site and there is no evidence

to support the notion that endangered species may

be present in this area.
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of the reef flat (PBEC, Inc., 1992). Most species were

found in both the near shore and the outer parts of

the reef flat, although only green alga, Cladophora

fascicularis, was more abundant inshore than offshore.

A survey made in 1993 (Duenas & Assoc., Inc., 1993)

identified algal assemblages along the trench cut

across the reef flat off Gun Beach for the submarine

communications cable. In general, the sandy bottom of

the trench supported few species of algae. However, a

total of nineteen species of algae were identified

from mostly along the limestone rock margins. The

green alga, Boodlea composita, and the brown alga,

Paduba boryana, were most conspicuous, along with a

turf (a dense, closely cropped or low-growing

assemblage of species) of Gelidiopis intricata,

Gelidium divaricata, Amphiroa fragilisssima, and Jania

capillacea. Near the outer part of the trench,

Mastophora rosea, Galaxura marginata, and Halimeda

opuntia were common.

The survey by Duenas & Assoc., Inc. (1993) also

identified algal assemblages along the cable route

down the frontal slope of the reef where a total of

seventeen species were recorded. Galaxaura marginata

and Liagora cf. farinosa were the dominant species at

around 3 meters (10 ft.) depth. Between 3 and 30

meters (10 to 100 ft.), Porolithon sp., Microcoleus
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The Division of Aquatic and wildlife Resources,

Department of Agriculture have stated that the native

forest birds on Guam can only be found in the isolated

forests on the northern part of the island. The only

native bird that might be found at Gun Beach is the

Yellow Bittern. A previous EIS for the microdredqing

of Tumon Bay (Barrett 1988) did not find Yellow

Bitterns anywhere in the Tuman Bay area.

A. Terrestrial Fauna

The terrestrial fauna of the Gun Beach area is limited

to small reptiles and mammals because of the limited

area and human activities. Geckos, skinks and

chameleons are common at Gun Beach, as throughout the

Tumon area. Rats, mice and shrews may be found in the

area, typically follow the pattern of human

population. The largest animals that may be found are

feral dogs and cats, which are more likely to be in

densely populated areas. The Appendix 6 lists birds

and terrestrial fauna.

3.2.2 Fauna

lyngbyaceus, Schizothrix calcicola, Halimeda

discoidea, and H. opuntia were the most prominent.
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B. Marine Fauna

The frontal slope of the fringing reef was surveyed in

November 1994 by a team of biologists from the

University of Guam Laboratory in order to describe the

environment into which the intake and outfall pipes

will be placed.

Several introduced birds that have become common on

Guam may be found on the site. The Eurasian Tree

Sparrow, Black orongo and Philippine Turtle Dove may

inhabit the forested areas. White (Fairy) Terns have

been seen at nearby Dos Amantes Point and nesting on

the cliff. A complete listing of the birds of the

area is included in the appendix 6.

The Golden Plover is the most common shore bird on

Guam and can be found occasionally at Gun Beach.

These birds prefer open grassy areas and are more

common on the cliff top p'lateau than the beach area.

Other shorebirds that may be found in the Gun Beach

area are the Ruddy TUrnstone, Whimbrel and Reef Heron.

Shorebirds are not generally common in the Tuman Bay

area because of the disturbances made by beach

cleaning, pedestrians and the on going construction

activities.
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A total of 18 coral species were observed on the reef

flat during the 1992 survey (PBEC, Inc., 1992). Corals

were most abundant and diverse on the more seaward

parts of the outer reef flat, beyond the zone of dense

algae growth. The greater prevalence of holes and

depressions in the limestone and the sUbstantial wave

wash even at low tide, are cited as reasons for the

improved coral growth here as compared with the more

landward parts of the flat. The most common species

on the reef flat is identified as Psammocora

obtusangulata. Also common is Porites lutea. small,

enc~usting colonies of Leptastrea purpurea are common

on the inner parts of the reef flat where suitable

The sandy, inner reef flat is charaterized by the sea

cucumber, Holothuria leucospilota. Foraminifera,

shelled amoeboid protozoans, are abundant everywhere

on the reef flat, and the'shells (called tests) are a

significant contributor to the beach sand. Corals are

rare and restricted to the margins of small boulders.

Coral colonies are most numerous and species diversity

greatest on the reef flat off Biija Point where the

depth is slightly more than for the outer reef flat

generally (PBEC, Inc., 1992). Because this area is

not uncovered by most low tides, the reef flat here is

more conducive to coral growth.
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A survey of the reef front off Gun Beach (pauley et.

al., 1994) was undertaken in detail to assess the

A variety of echinoderms, including seven species of

sea cucumber, have been identified from the reef flat

off Gun Beach (PBEC, Inc. 1992). In addition to the

Holothuria leucospilta mentioned above, stichopus

cholronotus, Actinopyga echinites, and A. mauritiana

were common, the latter two particularly on the

seaward portion of the outer reef flat. Duenas &

Assoc., Inc. (1993) noted Holthuria atra, Actinopyga

echinites, and Bohadshia marmorata "•••adjacent to

ledges along the [cable] trench". Sea urchins

(Echinothrix diadema and Echinometra mathaei) and sea

stars (Linckia laevigata) are present, but not

particularly abundant in this area (PBEC, Inc. 1992).

The most abundant mollusks on the reef flat are the

money cowry, Cypraea moneta, and a small mussel. A

large topshell (Trochus niloticus) was noted in about

12 meters (40 ft.) of water on the reef front.

substratum exists. Duenas & Assoc., Inc. (1993) noted

only two live coral heads in the cable trench

extending off Gun Beach, while recording eleven

species from the reef margin in the general vicinity

of the trench.
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At 8 meters (26 ft.) depth considerable variation is

evident among transect sites, due mainly to the

The three shallow transects (Figure 3-2) are similarly

dominated by the turf algae, with coralline algae

abundant (28-34%), coral cover moderate (6-17%), and

sponges rare «2%). The dominant coral 'species vary

somewhat among the three sites, although Galazea

fascicularis, Goniastrea retifornis, Leptoria phrygia,

and stylocoeniella arrnata are common at all

transects. Acropora was rare at this depth, although

several Acropora species are abundant on the

shallowest reef front «1m). Coral colony size is

generally small at 2 meters (6 ft.) depth.

potential impacts construction and operation of

proposed sea water intake and outfall pipes will have

on biological assemblages. The whole of the fore reef

is dominated by hard substrata, with sand and rubble

constituting <5% cover at all but one survey transect

location (Site 2, at 16 meters, recorded at ,9%'- see

Figure 3-2). Turf algae, coralline algae, corals, and

sponges (mostly the "coral killer sponge", Terpios

hoshinota) dominate the substratum, their relative

abundance apparently dependant mostly on 1) depth and

2) location of extensive Porites rus stands.



317700.003-5243-37

As revealed by the tow surveys, the corals Porites rus

is generally common along the seaward edge of the reef

slope terrace, at least for several hundred meters

both north and south of hte AT&T cable path. All

three 16 meters (52 ft) depth transects were in zones

of moderate to high P. rus abundance. Porites rus

dominates the bottom on the terrace in a large patch

starting about 20 meters (65 ft) to the south of the

cable path and continuing for considerable distance to

the south (Figure 3-2). The 8 meter (26 ft) transects

at sites 2 and 3 were in this assemblage, and the

shallowest transect at site 3 also had moderate P.rus

cover. The boundaries of this P.rus community are

abrupt at some locations, but more gradual and thus

subjective at others.

presence of extensive Porites rus stands at site 3,

and, especially at site 2. In these stands, corals

(largely Porites rus - 33-51%), and sponges (largely

Terpios hosbinota - 24-30%) dominate the bottom. At

Site 1, turf algae dominate and two coral species,

Leptastrea purpurea and Porites lobata contribute over

two thirds of the 15% coral cover. The considerable

abundance of large corals at sites 2 and 3, but not

Site 1 is due to the abundance of large (0.5-2.5 m

across) P.rus colonies.
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Between 9 and 22 species of coral were encountered per

transect (6 points), yielding a total of 49 species

among the 576 points surveyed. The shallowest

locations tended to have the greatest species

richness, although this fact may be due in part to the

relative rarity of P. rus at shallow depths, because

this coral species so dominates many of the deeper

sites.

The deepest (16 m or 52 ft) locations were all

situated at the start of the deep reef slope, past the

seaward edge of the frontal slope terrace. Porites rus

is common in this area along the entire reef front

surveyed, but does not usually reach as high cover as

it does in the areas of the terrace where it dominates

the substratum. At the deep transects, bottom cover

is dominated by algae (36-71%), with corals forming

moderate cover (13-20%). At sites 1 and 2, Pontes rus

dominated (96-97% of total coral cover), and sponges

(mostly Terpios hoshinota) were also abundant (31-33%

bottom cover). There is a strong correlation between

the abundance of P. rus and sponges among ,the nine

locations. Leptastrea purpurea and several Porites

species were among the most common other corals at all

three deep sites.
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Much of the reef front off Gun Beach is fairly typical

for Guam, with low to moderate coral cover, typical

depth related coral zonation, and common echinoids and

holothurians. The presence of extensive stands of

Porites rus in such a fore reef setting, with

correspondingly high coral cover is less widespread.

On Guam, such dense P. rus stands are usually

encountered in more protected inner reef environments,

such as Apra Harbor and the Piti Bombholes, although

they also occur at some fore reef sites. In contrast

to surrounding coral communities, P. rus stands are

A total of 26 macro invertebrates (individuals or

colonies > 5 em) species were encountered within the

900 m2 surveyed. Of these, the holothurians,

Actinopyga mauritiana, stichopus choloronotus, and

Echinothrix diadema occurred most commonly (>0.1/m2

population densities at least at one location).

Actinopyga mauritiana.is a characteristic inhabitant

of reef fronts and occurred at a population density of

0.22 to 0.34 per m2 at the three shallowest locations

and absent in the transects at all deeper locations.

All the other common species preferred the shallowest

locations also. In contrast, the economically

important holothurian, Holothuria nobilis, was

encountered only within the deepest transects.
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An earlier survey ,conducted on the reef flat off Gun

Beach identified 42 species of fishes on two visits to

the area (PBEC, Inc., 1992). Abundant in schools were

goatfish (Mulloides flavolineatus) and rabbitfish

(Siganus spinus). particularly abundant on the outer

reef flat on high tide were Cbrysiptera glauca,

Halichoeres trimaculatus, and Rbinecanthus triostegus.

The reef flat is characterized particularly by wrasses

(ten species) and damselfishes (seven species).

Results of fish surveys conducted in November 1993

along the route of the AT&T submarine communication

less diverse in their coral faunas perhaps because'l)

this coral excludes others by its high cover, and 2)

because of the correlated high abundance of the sponge

Terpios hoshinota, which 'can rapidly overgrow and kill

corals (Plucer-Rosario, 1988; Rutzler & Muzik, 1993).

Porites rus however, contributes considerably to the

topographic relief of the reef, as'it makes colonies

several meters high with abundant crevices. This

allows for the development of a rich invertebrate

cryptofauna observable on night dives in this area.

Fish abundance also may be correlated with this

topographic complexity, and the highest fish abundance

was observed at site 2, also the area of the most

extensive P. IUS stands.
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The damselfishes (Pomacentridae) were the numerically

dominant fish group. Five damselfish species,

Fish abundance averaged approximately 1.5 fish/m2, but

there was considerable variability from transect to

transect. site 2 exhibited higher fish densities at

all depths than did the other sites. Perhaps more

important than depth or location influencing fish

abundance was topographic relief: the flatter, more

featureless areas, harbored fewer fishes than did

areas with irregular bottom.

The reef front areas surveyed off Gun Beach had a

diverse fish fauna. A total of 142 species were

observed during the recent surveys. In general fewer

species were found at the 2 meter (6 ft) depth

transects than at the deeper sites. However, overall

there was little difference in species richness among

the three sites. The fish communities appear to be

thriving at all three sites.

cable are presented in Duenas & Assoc., Inc. (1993).

Fish surveys on benthic transects arranged across and

down the reef front (Figure 3-1) in the project area

were undertaken recently by Amesbury (1994) , the

results of which are summarized as follows.
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The threatened green sea turtle (Chelonia mydas) and

endangered hawksbill turtle (Eretomochelys imbricata)

potentially inhabit hte marine waters off Tumon Bay.

Although Tumon Bay is not considered a sea turtle

nesting area (Duenas & Assoc., 1993), an unidentified

spinner dolphins (Stenella longirostris longirostris)

are known to reside in Tumon Bay. Several recent

sightings of these dolphins in pods of up to 30

individuals are reported in Duenas & Assoc., (1993)

off the Hotel Nikko Guam and Double Reef. However,

Tumon Bay is not considered a critical habitat for

spinner dolphins. All marine mammals are protected

under the Federal Marine Mammal Protection Act (MMPA).

Plectroglyphidodon lacrymatus, stegastes fasciolatus,

Pomacentrus vaiuli,. Chrysiptera traceyi, and C.

leucopoma, accounted for 7.5%of all fishes counted

along the transects. The'se are all small, site­

attached species which feed primarily on algae. Some

fairly large, harvestable species were also seen,

including various species of surgeonfishes (family

Acanthuridae), the jack, Caranx melampygus, the

emperor, Lethrinus xanthochilus, various species of

goatfishes (family Mullidae), and various species of

parrotfishes (family Scaridae).
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In the immediate vicinity of the proposed undertaking

is the Nikko Hotel, the Okura Hotel, and the Sun Route

Oceanview. There are two adjacent lots, northwest of

Gun Beach is Lot 10116-1 owned by Nansay Guam, Inc.,

and the immediate southern Lot 10113-3 owned by Koto

A. Land

Tumon Bay is a highly developed area where the tourism

industry is centered. In 1994, over 5,000 rooms are

available for occupancy in the immediate Tumon area.

The areas between hotels are developed with shops,

restaurants, apartments and a few single family homes.

3.3.1 surrounding Uses

The Gun Beach property is adjacent to and accessed from

Tumon Bay, the center of tourism on Guam. The cliff top property

is military property used for recreation and housing. Attractive

Tumon Bay has always been a popular spot for visitors and

residents. The following sections describe the existing land and

marine activities.

3.3 LAND AND MARINE USE

sea turtle was seen by Amesbury (1994) near the

project site (Site 3) during marine transecting.



317700.003-5143-44

Gun Beach is accessible to many marine-oriented

activities. Duenas & Assoc., (1993) reported

observing various recreational activities occurring

during morning hours, including SCUBA diving,

snorkeling, swimming, fishing, surfing, body boarding,

and jet skiing. The site is used most frequently by

divers and snorklers who follow the route of a

submarine cable over the reef margin. Local fishermen

fish the area with throw nets, rod and real, and gill

nets. Beach users are mostly residents of the area,

but tourists occasionally walk from the beach fronting

the Hotel Nikko Guam to the northern end of Gun Beach

or enter the water along the northern cliff to visit

Fafai Beach (Duenas & Assoc., 1993).

B. Ocean

The land at the top of the cliff to the north and east

of the subject lot, is part of the Harmon Annex of

Anderson Air Force Base. Baseball.diamonds have been

erected for public use and a few homes are still

occupied in the immediate area. There are currently

no plans for additional development of this land.

Guam, Inc. At this time both of the adjacent lots are

vacant, and no future plans to develop are known.
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B. wastewater System

The Tumon Area water and wastewater system Association

(TAWWSA) are funding the construction of a new

collection system, pump station and force main known

as the Gun Beach/Fafai wastewater System. The pump

station is proposed to be located on the adjacent

property alonq the existinq road.

Currently the Nikko and Okura Hotels, and other

commercial buildings, are served by an 8t1 diameter

A. water supply

The primary supply line for water in the Tumon Area

extends down Tumon Loop Road and San vitores Avenue.

When the Nikko and Okura Hotels were constructed, a

twelve inch diameter water line was installed on the

upper end of San Vitores or Gogna Road.

3.3.3 Existing utilities

There are no secure plans for the adjacent lots

surrounding the Gun Beach site. Studies for further development

in the area have been initiated; however, there have been no

commitments made-regarding further hotel and housinq development.

3.3.2 Future Plans



317700.003-5243-46

Tumon Bay has a resort feeling with the large hotels, shop

and restaurants focused on the tourist. There are a number of

private residences most of which are multifamily apartment units.

The upper Tumon area on top of the cliff is heavily developed

with commercial activities. The proposed undertaking will

maintain and add to the present community atmosphere.

3.3.4 community Characteristics

D. Electrical Power

The electrical power to the project will be supplied

from the existing transmission line extending to the

Nikko Hotel. This line is a 13.8 kVA transmission

line with a capacity well in excess of the current

demand.

gravity sewer which ultimately discharges to the

Fujita Sewage Pump station.

C. Road Capabilities

Access to the Gun Beach development will be along

upper San Vitores Road and a new road extending from

the end of San vitores to the proposed Nansay

development. The proposed road wiil be two lane, 24

feet wide, with a 50 foot wide easement.
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B. Archaeological Features

The predominant historical feature is the Japanese

anti-aircraft gun turret from which the beach got its

common name. The turret is a reinforced concrete

bunker built against the northern cliff face on the

property. The gun itself is rusty but intact. This

turret is on the National Historic Record. The

undertaking will not disturb this site.

Prehistoric archaeologic sites have been identified on

the property. The proposed undertaking will not

effect the majority of the sites, those that are

within the undertaking's boundaries are detailed in

section 3.1.8. However, the largest site located to

the left of the undertaking, is functionally

interpreted as a permanent habitation site with two

A. Beach

Gun Beach has a somewhat isolated feeling because of

the separation from the main beach by Gogna Point and

the encircling cliffs. EnterOcean plans to excavate

the area so that the cliffs and rock out crops display

a natural and complementary landscape. Public access

to the beach will be maintained and improved upon the

existing easement.

3.3.5 Unique Features
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The proximity and similarities in ceramic and apparent

ages of the archaeological sites suggest components of

a Latte Phase coastal settlement system. The remains

appears to be a coastal village with temporary,

intermittent or less intensively utilized habitation

areas associated with but peripheral to the permanent

settlement.

distinct occupational groupings. The stratified

prehistoric ceramics, marine shell, thermally altered

rock, flaked lithics, shell and stone tools, human

remains and possible remnants of a disturbed latte

set. The remainder of the sites are isolated and

relatively small including surface and subsurface

scatters of prehistoric ceramics, rock overhangs, and

a cave.
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Concurrently with mass excavation, the extension of

Gognga Road and the EnterOcean access road will facilitate

extending water, sewer forcemain, electric, and telephone

systems. These activities are expected to take six months and

Because the proposed project site is on a hillside,

approximately 100,000 cubic yards of material has to be excavated

and removed to reach the facility elevation of +80 mean lower low

water level (MLLW). An additional 50,000 cubic yards of material

has to be excavated and removed during construction of the below

grade seawater tanKs and exhibit area. A portion of the

materials will be held on site to backfill retaining walls; the

remainder will be hauled off site. Excavation should take

approximately nine months.

Site Work and Utilities4.1.1

The EnterOcean Group anticipates beginning construction

in mid 1995 with an expected opening date of mid 1997. Required

construction activities are described in the following section.

The anticipated construction times of some activities overlap.

4.1 DESCRIPTION AND SUMMARY OF CONSTRUCTION

SECTION 4

ENVIRONMENTAL CONSEQUENCES DURING CONSTRUCTION
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The intake pipe extends seaward from the pump station for

approximately 1090 feet and terminates at two intake structures

placed at the 40 feet contour below MLLW. This site is seaward

from the wave break zone. The ocean intake system will be

constructed using dual intake towers. Each tower is a polygon

holding six 3 ft. high x 4 ft. wide fiber reinforced plastic

The pipeline alignment on land is a ten foot wide

.corridor adjacent to the southern boundary of lot 10113-R3. The

intake pump station will be located on this corridor and 140 feet

inland from the ocean side property boundary. The pump station

is at elevation of 13 feet above MLLW.

piping beneath exhibit slabs will be installed, tested

and temporarily capped while other areas of the facility are

being built. other work associated with the intake/outfall will

begin at the intake pump station and continue toward the ocean

and facility concurrently. Two high density polyethylene (HOPE)

pipes will be used for the intake and outfall. Nominal pipe

diameter will be 30 inches. construction dewatering may be

required.

Intake/Outfall system4.1.2

will be,completed shortly after roadway earthwork. Paving and

landscaping will take place just prior to project completion.
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Trench excavation for the intake and outfall will be done

using a hydraulic rock chipper from the pump station until just

beyond the reef flat. The remainder of the intake and outfall

pipeli~es will be installed on top of the seafloor using a

commercially available stainless steel anchoring system.

Foundations for intake and outlet towers will be precast offsite

and installed from an offshore platform. Total installation is

The outfall pipe extends approximately 1240 feet seaward

from the pump station. Both pipelines lie in a corridor located

approximately parallel to and north of the AT&T submarine cable.

Distance between the pipeline corridor and submarine cable varies

from 28 to 50 feet. The outfall terminates at a diffuser at the

66 feet contour below MLLW. The ocean outfall system will be

constructed using a single outlet diffuser identical in

construction to an intake tower. Water face velocity at the

outlet will be approximately 1.0 feet per second. Both intake

towers and the outlet diffuser will be anchored to the seafloor.

(FRP) screens mounted on a 10 ft. square concrete base. Water

face velocity at the intakes will be approximately 0.5 feet per

second (fps). The intake screens prevent fish and other objects

from entering the pipeline. The size and number of inlets are

designed to keep intake velocities below normal current

velocities to prevent small fish as well as divers from being

held by suction to the pipeline.
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submarine simulator cavern, and "Sea Cave Lounge" walls and

ceilings will be clad in glass, fiberglass, reinforced concrete

(GFRC); and the GFRC wall back filled with grout. Other exhibits

will be done using carved gunite. Rockwork activities together

contain 130,000 man hours representing about 35-40% of the total

facility construction effort. Total rockwork installation is

expected to take 11 months.

The aquarium,as basic concrete construction is complete.

Aquarium rockwork and artificial coral can begin as soon

Exhibit Finishes4.1.4

After completion of subslab mechanical work, base slabs

and retaining wall footings can be started. Construction effort

will be concentrated on the seawater tanks and remaining concrete

structural components. Installation of acrylic seawater tank

windows, mechanical and electrical systems, and the EnterOcean

entrance pavilion will begin after completion of structural

concrete. Saltwater tanks and trails will be waterproofed and

leak tested. Basic structural concrete construction is expected

to take 9 months.

General Facility construction4.1.3

expected to take two months under favorable weather conditions.



317700.()()4.S244-5

The existi~g bluff that is located on the northern and

eastern portion of the project site will be steepened in order to

bring the proposed project site to grade. Resulting man-made

cliffs will be sculpted and naturalized in order to provide a

pleasing appearance. These naturalized cliffs will provide the

visual background for the project's saltwater trails.

Soils and Geology4.2.1

Physical changes to the environment resulting from

construction activities are discussed in the following section.

4.2 PHYSICAL CHANGES

Upon the completion of the main pavilion canopy,

construction of underlaying retail shops may proceed. Shop

construction is expected to take 9 months.

Construction of the large canopy over the administration

buildings, snack bar, gift shop, and restaurants will begin after

basic structural concrete work. Any number of smaller canopies

can be installed at a later date. Construction of the large

canopy is expected to take 3 months.

Canopy Placement, Exhibit Shops, Restaurants and

Administration Buildings

4.1.5
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No permanent withdrawal or reduction in groundwater flow

is proposed. Use of storm water retention basins will leave the

area's existing hydrology essentially undisturbed. During

construction, dewatering may be necessary for excavation of the

There are no streams or special hydrology features at the

proposed project site. Soils and underlaying bedrock are highly

permeable allowing rapid percolation of storm water. During

construction, runoff from the EnterOcean project will be

collected in temporary storm water retention basins. No runoff

will be diverted from the project site.

Hydrology4.2.2

Soil types on site are Ritidian outcrop and Shioya loamy

sand. Soil coverage is shallow with an underlying limestone

bedrock. Both soils are weathered and porous. Mitigation

measures will be implemented to deter and avoid soil erosion.

Extensive excavation will also be required in order to

construct saltwater tanks. Tanks will be constructed below grade

within stable horizontal rock formations resulting from initial

site work. Required drilling and chipping will be performed in

compliance with local regulations to minimize noise and dust

generation. Overall stability of the rock will not be affected

by the project' s und~~groun9 f~atures.
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There will be no unusual levels of air or water

pollutants generated by project construction. Further details

regarding waste disposal during construction will be specified by

the project's Environmental Protection Plan submitted with the

Building Permit Application.

Pollutants4.2.5

The only property which will have its view affected is

the undeveloped Harmon Annex. The proposed undertaking will not

exceed the height of the surrounding cliff and will ·block the

view of any neighbor toward the ocean.

Visibility4.2.4

const~uction activities involved with the proposed

project are similar to those generated by previous construction

in Tumon. The relative isolation of the proposed project will

mitigate much of the construction noise.

Noise4.2.3

intake and outfall pipelines and the project pump station.

Excess water will be discharged into storm water retention basins

where it will percolate back into the water table.
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A. Flora

The abandoned coconut grove will be the vegetation

community most effected by the development. The

Terrestrial Fauna and Flora4.3.1

BIOLOGICAL CHANGES4.3

Archaeologists will be on site during the initial

.excavations to record the findings of any further artifacts

uncovered. The proposed undertaking will not effect the Japanese

pillbox that is a World War II landmark.

The historical and archaeological features that would be

disturbed during construction are a coral monument, a midden

area, and a cave. The coral monument and midden area are known

as site 66-04-0615, shown in Figure 3-3. The small .cave is site

66-04-0617. Both sites contain pre-historic matter which include

scattered ceramics and marine shell. These archaeological

features are located on or very close to the surface. Clearing

will disturb and expose the articles. The recommended actions of

collecting and recording the artifacts will sufficiently assemble

relevant information. These two sites are not suitable for

preservation or interpretation for visitors.

Archaeological Features4.2.6
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Marine construction impacts are dependent on two factors:

1) the types of biota located within the proposed area of

construction; and 2) physical changes to the environment caused

by construction. This section evaluates expected impacts to

Marine Environment4.3.2

B. Fauna

The birds and animals inhabiting the property will be

temporarily displaced by construction activities.

Many species will more than likely return once the

proposed project is completed because of their

adaption to the human environment. Undeveloped

properties along side and north-west of the project

could act as a refuge for displaced fauna.

present classification of the grove is 'modified' due

to human activities. The trees have a high value for

landscaping and can be readily transplanted

elsewhere. Figure 3-4 shows the modified forest

found in the proposed project site. A narrow portion

of the forest will be affected bY.project

construction. Removal of this portion of the forest

would have a minimal impact of the existing limestone

forest.
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Beginning with the shoreline, no study has identified any

use of the beach area by nesting turtles, seals, or other marine

organisms. Moving towards the ocean, the 1992 PBEC survey

assesses the first one hundred feet of reef flat as having -no

corals and few organisms of any kind in this zone." Therefore,

no significant construction impact is expected in this area.

According to the same study, the outer reef flat (beginning at

about 250 feet from shore) is mostly covered with thick mats of

algae due to exposure at low tides. The same study identified

Three surveys, PBEC Inc. (1992), Duenas & Associates

(1993), and a University of Guam study (1994), have been

conducted in the project area. sections 3.2.1B, and 3.2.2B

summarize the results of these surveys. The PBEC study describes

the environmental baseline for the reef flat. The University of

Guam (UOG) study concentrates on the marine environment beyond

the reef flat. Figure 3-2 shows the PBEC study area, transects

surveyed by the University of Guam, the location of a large

Porites rus coral colony, and the proposed intake/outfall

alignment. Large coral colonies are avoided entirely by the

proposed alignment.

4.8.

marine biota based on marine site surveys and preferred method of

construction. Additional information on construction methods

including an analysis of alternatives is contained in section



As previously discussed, the seawater inlet and outlet

pipes will cross the reef flat by conventional cut and cover.

Potential construction impacts may be caused by the physical act

of trenching, turbidity and siltation effects from the

excavation, and the visual impact of recovering the excavated

area with concrete. In general, environmental impacts will be

limited to the actual construction corridor. Silt curtains,

The University of Guam survey of Fore Reef Fishes at Gun

Beach describes fish communities as thriving at the proposed

construction site. Fish abundance appears to be 188 per 100

square meters of seafloor. A .total of 48 fish species were

identified at transect site one. Fish populations are expected

to be unaffected by construction.

Beyond the reef flat, site one transects from the

University of Guam study effectively characterize the proposed

intake and outfall area. Bottom coverage is typically algae.

Percent bottom cover figures from these transects are summarized

in table 4.1. The dominant species of hard coral is Porites ruse

A total of less than 10 hard coral species were identified.

Macroinvertebrate populations densities are summarized in table

4.2.

several species of invertebrates which may also be relocated

prior to construction.
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TABLE 4.1
PERCENT OF BOTTOM COVER AT SITE 1

DEPTH SPECIES

ALGAE CORALLINE CORALS PORIFERA

6.5 FT (2M) 60.4 33.3 6.3 0%

26.25 FT (SM) 74.6 7 14.6 0.63

52.5 FT (16M) 3S.4 13.S 15.1 30.S



TABLE 4.2
MACRO INVERTEBRATE POPULATION DENSITIES (PER M2)

SPECIES DEPTH

2M aM 16M

Actinopyga mauritiana 156 a a
Holothuria nobilis a a 9

stichopus chloronotus 32 a a
Echinometra mathaei a 14 a
Echinostrephus aciculatus 198 211 a
Echinothrix diadema 46 14 a
Culcita novaeguineae a 0 5

Linckia guildingi 0 0 5

Fromia milleporina 0 5 0

Tridacna maxima a 9 a
Cerithium columna a 5 a
Conus sp. a 5 a
Conus miles a 9 a
Drupa rubusidaeus a 14 a
Nudibranch sp. a 9 a
Trochus niloticus 14 0 a
Vasum ?turbinellum a 5 5
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A twelve inch diameter water line exists on the upper end

of Gognga Road. A temporary water meter will be installed at the

end of the 12 " diameter water main near the Nikko Hotel to allow

water for clean up and dust control.

water and Wastewater4.4.1

INFRASTRUCTURE4.4

Pipeline construction beyond the reef flat will have

minimal impact. Above the seabed construction activities are

limited to anchor drilling, attaching appropriate mounting

hardware, and securing the pipeline in place. In addition to the

actual pipelines, intake and outlet structures will disturb an

additional 300 square feet of area. silt curtains, relocation of

affected organisms, and other mitigative measures can

effectively limit environmental damage.

construction only during low tide, and other environmental

protection measures will effectively limit t~rbidity effects.

Damage to organisms can be avoided through relocation.

Additional damage can be avoided by using construction matting

under tracked equipment. Visual problems associated with

backfilling the excavated trench with concrete.can be mitigated

by sculpting finished concrete to match its surroundings.
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The contractor's electrical needs will be supplied by

generator or temporary electrical power until permanent power

lines can be installed to .theproject site. All electrical power

connections will be approved by the Guam Power Authority (GPA).

Electrical system4.4.3

In general, the existing beach access road on lot 10113-3

will not 'be affected during construction. Sections of the

access road near the Nikko Hotel will be improved as part of the

project access road. Road construction in these sections will

be phased to allow continuous public access to the beach.

During the construction phase, the public easement to the

EnterOcean site will be graded to accommodate a two lane gravel

road. Paving is expect to take place in nine months.

Appropriate dust control measures, silt fences, and sedimentation

basins will be used until the road is complete.

Roads4.4.2

During the construction phase, and in accordance with the

Public utility Agency of Guam, a permanent six inch water line

will be installed to allow potable water and provide fire

protection. Chemical toilets will be installed for construction

workers.
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During the construction phase the loss of ground cover

will increase storm water run off and the potential for erosion.

These impacts will be counteracted by appropriate measures such

as silt fences, temporary diversion around construction areas,

storm Water Management4.4.6

Solid wastes comprise all the wastes arising from human

and animal activities that are normally solid and that are

discarded as useless or unwanted. The construction of the

proposed undertaking will generate 150,000 cubic yards of fill

that will require off site removal. An approved disposal site

will be located to accommodate the solid waste generated from

ground cover clearings, excavations, and general construction

debris. collection and disposal will be contracted to a private

waste collection firm.

Solid Waste4.4.5

During the construction phase, temporary phone lines will

be installed to the project field office. All telephone

connections will be approved by the Guam Telephone Authority

(GTA).

Telephone4.4.4
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Household income is generated by the contractor's payroll

(a direct effect), payroll increases in businesses servicing the

contractor (an indirect effect), and payroll increases in the

business commundty at large (a induced effect). Unfortunately

sufficient statistics are not available for Guam's economy to

Total revenue is the sum of the actual construction cost

plus revenue generated by businesses providing goods and services

to the contractor. Total revenue can be quantified by the

product of the construction cost and an output multiplier for

commercial construction. An output multiplier of two is typical

(Dept. of Planning and Economic Development, State of Hawaii

April 1983). For the purpose of this proposed project, total

revenue is $37 million x 2 = $74 million.

Construction of this project will generate positive

fiscal impacts for the island of Guam by increasing: 1) total

revenues on the island; 2) household income; and 3) government

revenues.

4.5 FISCAL IMPACTS

and sedimentation basins. These measures will be documented in

detail in the Erosion Control Plan, which will be part of the

construction documents.
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Employment4.6.1

The Environmental Impact Assessment takes into

consideration the definition of the entire environment which

including physical, social and economical aspects. The following

sections are intended to review the impacts the construction will

have upon the community, both socially and economically.

4~6 SOCIOECONOMIC IMPACTS

Government revenues are directly generated from the

projec~ through the gross revenue tax (GRT), applied to the total

revenue generated by the project, plus permit and plan checking

fees. Government revenue for this project is estimated at

$2,973,200 GRT plus $171,526 from building permit fees (Rate

schedule for permit and plan checking fees set forth in UBC i994,

Section 107). Additional government revenues are generated from

personal income taxes on household income. Unfortunately,

sufficient statistics for Guam's economy are not available to

quantify these revenues.

estimate an output multiplier. Application of an off island

based multiplier may not be appropriate since significant

portions of Guamrs construction work force are foreign (H-2

workers) while most regions are predominantly local.
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Adjacent lots at the Gun Beach site are currently

undeveloped. Figure 2-1 shows the owners of neighboring

property. Remaining portions of lot 10113-R3 are vacant. There

are no other specific development plans for the remainder of this

lot at the present time.

Neighborhood4.6.3

The Guam Memorial Hospital will be informed of

construction activities at Gun Beach. This medical facility is

located approximately 2 miles from the proposed construction

site. Worker safety is a first priority and all applicable rules

and regulations will be enforced. If required, medical

facilities on Guam are available to treat work related injuries.

Hospital Services4.6.2

The demand for employment will increase with the

construction of the EnterOcean project. This demand will be met

by a combination of local hiring, foreign workers, and the

temporary immigration of specialized craftsman for installation

and start up of mechanical and electrical equipment. The net

result will be an increase in goods and services provided by

local business plus an additional induced activity in the local

economy.
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4.8 INTAKE/OUTFALL FACILITY

Expected traffic increases during the construction phase

will travel almost exclusively along San Vitores Road and Marine

Drive. Traffic will primarily consist of commuting workers,

material delivery, and removal of excavated material. During

excavation, truck traffic is estimated at thirty vehicles per day

or one truck every fifteen minutes. Impacts from increased

traffic include emissions increases, noise, and the additional

vehicle parking on site during construction shifts. These

impacts are considered to be insignificant based on the

predominantly urban characteristics of the Tumon Bay area.

The existing easement will be graded and improved at the

onset of construction. This will enable construction vehicles

and other equipment to enter the area without further damaging

the environment. The majority of construction equipment will

remain on site and thus eliminate excessive congestion.

4.7 TRAFFIC IMPACTS

construction will have a negligible effect on the

population of Guam. Use of foreign 'construction labor mitigates

against permanent immigration of workers.

4.6.4 -Population
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Both methods of construction use identical intake and

outfall sites. Two ten foot square intake towers will occupy 200

square feet of the sea floor. Intake tower size was calculated

Two general construction methods are available;

Horizontal Directional Drilling (HOD) and conventional cut and

cover. Three alternatives for securing the pipelines along the

reef margin and reef terrace were also analyzed. These were: 1)

concrete encased trench; 2) concrete anchors; and 3) stainless

anchors. Preliminary designs qave also been prepared for the

intake and outfall structures. All design alternatives have been

evaluated using wave force analysis and can withstand a 41 foot

deep ocean design wave. This wave generates a 26.8 foot wave at

the diffuser site and 27.6 foot wave at the intake structure.

Probability of the Gun Beach area receiving a design strength

ocean wave is 20% within a fifty year period. A reduced plan and

profile for the stainless steel anchor and HOD pipeline

installation options are shown at Figures 4-1 and 4-2,

respectively.

Preliminary design for the intake/outfall structure

included the tasks of determining an appropriate location for the

pipeline alignment, preliminary design of inlet and diffuser

structures I and evaluation of wave and current forces on

submerged structures. Construction alternatives were also

addressed.
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Horizontal Directional Drilling (HOD) is the a second,

alternative means of pipeline construction. In general, HOD does

not disturb the seafloor. Physical construction impacts are

limited to intake screen and outlet diffuser construction.

Additional turbidity effects occur from the escape of drilling

fluid, typically bentonite. Horizontal Directional Drilling in

coral formations is problematic. The drilling process requires

The cut and cover/stainless steel anchor method will have

greater environmental impacts than the HOD method. Cut and cover

excavation across the reef flat will destroy a section of the

existing weathered coral rock and any associated biota. Pipeline

anchoring systems will destroy small sections of the seafloor'.

Mitigation methods include relocating coral and invertebrates

where possible, sedimentation control, and other standard ocean

construction practices. cut and cover construction beyond the

reef flat, rather than an anchoring system, was rejected as an

alternative because it is environmentally destructive. stainless

steel anchors were selected over concrete anchors because they

are smaller and less disruptive.

based on the maximum allowable water velocity which would not

disturb fish (0.5 feet per second) and the required water intake

rate (15,000 gallons per minute). Excavation will be required to

anchor the towers. An identical tower will house the outfall

distributor occupying an additional 100 square feet of seafloor.
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Impacts Compared to Measurement criteria4.9.1

A cumulative impact is the impact on the environment

which results from the incremental impact of the action when

added to other past, present, and reasonable foreseeable future

actions. A cumulative impact can result from individually minor

but collectively significant actions taking place over a period

of time. This section will evaluate the possible cumulative

impacts 'that may occur during the construction phase of the

.EnterOcean facility. Possible cumulative effects are evaluated

under the sections of measurement criteria, positive and negative

cumulative impactsj and avoidable and unavoidable cumulative

impacts.

4.9 CUMULATIVEIMPACTS

solid rock formations to maintain downhole drilling fluid

pressure. Cracks or fissures can cause the release of large

amounts of bentonite, a resulting build up of heat and cuttings

near the cutting head, and preclude 'completing the excavation.

voids or pockets of soft material can cause the directionally

controlled cutting head to lose control, separate from the 'drill

stem, and again preclude completing the excavation.

Additionally, the neighboring cast iron armored ATT cable could

potentially cause very serious problems with magnetic sensors

used to guide the cutting head.
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During the construction phase of the project there

will be several short-term negative environmental

impacts. The following is a list of expected

construction related impacts.

1. An estimated 150,000 cubic yards of material will

be removed off site. It is expected that the

material will be sold to other projects on the

island. Value engineering during design will be

used to reduce the amount of excavation to a

mL,imum.

2. Excavated material to be used for back fill will

B. Negative

Expected cumulative impacts on the economy are

generally positive as the development of these

projects greatly increase employment, and are

beneficial for the goods and service industry on the

island of Guam. Government revenues will be enhanced

by payments of employee and employer income taxes,

real estate taxes and gross receipt taxes. Also

additional income will be generated by the license

fees and utility payments generated by the

undertaking.

A. Positive
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be temporarily stored on adjacent areas of lot

lOl13-R3.

3. Some short term erosion from the project site

will occur as water flows over areas disturbed by

construction.

4. There will be destruction and.alternation of

vegetation within a narrow portion of the

modified limestone forest and abandoned coconut

grove.

5. Noise related to the construction is likely to

disturb fauna in the immediate area. There are

no residents at the project site, therefore, the

impact on people should be minimal.

6. Some erosion along the access road is likely to

occur during the extension and implementation of

utility services.

7. Air Quality will be affected by emissions from

motorized equipment and dust generated by the

movement of machinery. These impacts are

expected to be minor and short term and will not

affect human populations.

8. Dislocation of fauna along the access road and at

the project will occur as a result of increased

human activity.

9. Trench excavations for the intake/outfall

structure will temporary disturb approximately a
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ten foot section along the southern property

line. This will stretch alongside the property

line towards the ocean. A proper guardian rail

will be placed to prevent accidental entrance

into this area until work is completed,

approximately a two month period.

10. Intake/outfall trenching will destroy an eleven

foot wide corridor across the reef flat.

Additional collateral damage will be minimized by

proper environmental protection measures.

11. A barge mounted excavator will be'used to

complete the portion of the trench not accessible

from land and outfall/inlet towers. The use of

this equipment to dredge the trench will have an

impact on the coral reef and marine biota. These

impacts include increased siltation, and

destruction of coral and biota that cannot be

successfully relocated.

12. To secure the barge located offshore, lines and

anchors will be placed along the sea floor. The

secure lines should have no significant impact on

marine wildlife. Visual signs and well marked

tags will notify the public of the secure lines.
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4.10.1 Environmental Protection Measures

4.10 MITIGATION MEASURES

Impacts that are unavoidable include loss of

vegetation and a portion of reef habitat. Other

unavoidable impacts include an additional stress on

utilities - electricity and potable water, congestion

and increase in traffic.

B. Unavoidable

The temporary disturbances that are associated with

dust, exhaust and noise from operation of heavy

equipment can be minimized through implementation of

precautionary measures and appropriate control

techniques. Excess erosion and runoff during

construction can also be minimized by implementation

of an effective erosion control plan.

A. Avoidable

Avoidable and Unavoidable Impacts4.9.2
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All earth moving activities in the Territory shall be

conducted in a manner that prevents accelerated land

erosion, transportation of sediment to and along

waterways, and siltation of rivers, estuaries and marine

waters. The area of'land to be graded at one time during

development shall be kept to a minimum. No graded area

shall remain unstabilized for a period exceeding two

months. Temporary ditches, dikes, mats, vegetation and

or mulching shall be used to protect critical areas

during construction. All disturbed areas, slopes, and

banks must be stabilized as soon as possible after the

final grade has been completed. storm water runoff from

disturbed areas of a project shall be collected and

diverted to facilities for removal of sediment prior to

discharge to any surface or marine waters of the

Territory of Guam. All erosion and sedimentation shall

be maintained by the permittee until stabilization is

complete. All grading shall be scheduled during periods

of low precipitation and staged to minimize the time span

that soil is exposed. An erosion control netting or

blanket mat may be required along with normal mulching

practices to protect the graded and planed areas until a

strong vegetative cover is established.

A. Erosion control Plan
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Dust shall be kept to a minimum at all times, including

non-working hours, weekends and holidays. Soil at the

project site, haul roads and other areas disturbed by the

contractors operations shall be sprinkled or treated with

dust suppressor as necessary dust control. No power

brooming will be permitted. Vacuuming, wet sweeping, wet

mopping, or wet power brooming shall be used instead.

Air blowing will be permitted only for cleaning non­

particulate debris such as reinforcing bars. No

sandblasting will be permitted unless the dust therefrom

is confined. Only wet cutting of concrete blocks,

B. Air Quality

Erosion and sediment control plans shall be prepared as

set forth in Section IV B of the Soil Erosion and

Sediment Control Regulations of 1985 and submitted to the

Guam Environmental Protection Agency in time to allow 14

working days for review. At the end of the 14 day review

period, GEPA shall approve or disapprove the Erosion

Control Plan. Any condition attached to such approval

shall be complied with in full, unless subsequently

waived by GEPA. Lack of agency comments within the

designated time shall constitute approval. Any notice of

a disapproval must contain any and all reasons for such

disapproval.
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Potential short term as well as long term impacts (i.e.,

permanent displacement can be mitigated in the

construction phase. The trenching corridor width should

be limited to the minimum needed for excavation equipment

to operate safely. Trenching and installation should

avoid live coral reef to the maximum extent possible.

Care will be taken during construction to avoid areas of

dense coral heads and algal growth. If avoidance is not

possible, then some of the larger coral heads may be

selected for transplantation into adjacent areas of

equivalent habitat. Potential foraging areas for sea

turtles, i.e., areas of dense algae or sea grass beds,

will also be avoided to the extent possible. Observers

(snorkelers) will be posted in the water to ensure that

no rare, threatened, or endangered species (i.e., sea

turtles) are present during construction. If any such

species are sighted in the immediate vicinity, then

construction will be halted until the animals have

cleared the area.

C. Marine Environment Protection

concrete and asphalt will be permitted. No necessary

shaking of bags will be permitted where concrete mortar

and plaster milling is done.
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Impacts to water quality are expected to be localized and

of very short duration and should not, therefore,

Impacts by vessel anchoring operations may be minimized

by restricting the vessel to anchor only one time in as

deep water as possible, with a minimum number of anchors.

Impacts may be further decreased by buoys and pennant

lines attached to the anchors and anchor handling

vessels. If the pipe laying vessel must move to a

different location along the pipeline corridor, the

anchor handling vessel should raise the anchor vertically

by pulling on the anchor pennant, moving to the new

position, and lowering the anchor, thus decreasing the

amount of dragging across the sea floor. utilizing a

wide anchor pattern spread would enable the vessel to

move to various positions along the pipeline corridor by

alternately loosening one set of anchor lines while

taking up the slack on the other lines. Use of a shore­

based, "deadman" anchor may also assist in vessel

positionin·3'. In this case, a large weight or anchor is

placed on shore and a line strung to the pipeline laying

vessel. Winching the anchor line to the deadman pulls

the vessel closer to shore along the pipeline corridor.

A potential impact associated with this positioning

system is damage to coral along the reef flat and slope

due to anchor line sweep.
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An Archaeological Mitigation Plan may be required during

the removal of the ground cover. This will depend on the

given significance of the two archaeological sites

D. Archae~logical Mitigation Plan

Marine recreational activities will be curtailed for a

short period of time (approximately one month) during

construction. Appropriate signage will be required prior

to and during construction to notify the public of these

activities. Only a small, localized area of the beach

will be closed to the public during this time, and future

use will not be impacted. Offshore diving and surfing

sites are not usually by shoreline facility locations

and, therefore, do not require mitigation.

significantly impact biological resources in the area.

Nevertheless, all construction activities will be

conducted in accordance with the best management

practices (BMP) for such act·ivities. A retention screen

suspended by floats and anchored securely to the sea

floor will be deployed around the project area during

marine construction activities to prevent excess

siltation in the near shore waters, which will be

carefully monitored according to an approved water

quality monitoring plan.
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described in section 4.2.6.
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The completed facility will have a canopy tent housing

the main retail section of the facility. The canopy will not

extend over 35 feet in height and will be designed to withstand

high winds and heavy rain. The Harmon Annex Naval Base, located

on the top of the bluff, will continue to be able to see the

ocean and surrounding landscape. The impact of the project on

Visibility5.1.2

There will be an increase.in volume of noise introduced

to this area. The activities of music, dance, picnics, and the

general actions of patrons will produce an increase in noise

volume generated. Noise from the EnterOcean facility will be

similar to that from other commercial structures in the Tumon Bay

area. Additionally, the site is located in the northern corner

of Tumon Bay and at a reasonable distance from other hotels, no

residential units exist in the area, and a bluff protects the

site from the neighboring Harmon Annex. The impact of noise in

the area is assessed as insignificant.

PHYSICAL EFFECTS

Noise

5.1

5.1.1

SECTION 5

ENVIRONMENTAL CONSEOUENCES AFTER COMPLETE CONSTRUCTION
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B. Fauna

The EnterOcean facility will not introduce any plant

species not already present on Guam. Common

landscape maintenance practices will be followed.

The presence of the undertaking will not adversely or

significantly impact Guam's vegetation.

A. Flora

Terrestrial Fauna and Flora5.2.1

BIOLOGICAL EFFECTS5.,2

No chemicals or cleaning compounds will be used inside

the actual saltwater trails in order to preclude discharge into

the ocean. Chemicals and cleaning solvents will be used in other

situations as appropriate. Common pesticides and herbicides will

be used as needed in order to maintain landscaping. Filter

backwash systems, if used, will discharge into the sanitary sewer

system. In general, pollutants will be disposed of by trash

collection or sewage collection system.

Pollutants5.:1.3

visibility is assessed as insignificant.
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No marine species not already present in Micronesian

waters will be present in the EnterOcean facility's large

It is expected that coral polyps and other sessile

invertebrates will eventually colonize the intake and outfall

pipelines, effectively creating a habitat on the artificial

sUbstratum that could potentially enhance biological resources in

the area. Pipeline maintenance measures will include period

inspections and possible repair of the anchor system, especially

after major storms. Although currently not a design feature,

periodic replacement of cathodic protection anodes may also be

required. Additional maintenance may involve physical cleaning

of intake screens by brushing. In general, intake and outfall

pipeline systems, including intake screens, will be designed to

be maintenance freg.

Marine Biota5.2.2

The birds and animals that were disturbed during

construction will have the opportunity to rehabitate

the EnterOcean facilities landscaped areas. Relative

isolation of the Tropical Island section will make it

possible for some birds to nest without disturbance

by the brown tree snake. In general facility

operations will have no significant impact on Guam's

fauna.
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The high quality of source water (taken from the ocean

seaward of the reef margin) and the high volume of the flow

(i.e., rapid turnover within the facility) ensure that the

discharge water quality remains high. Previous experience with

similar systems may be used to assess the water quality of the

The EnterOcean water feature has been designed for

continuous water flow. In these types of flow-through systems,

the discharge of an effluent is more or less constant. The

degree of change in water quality between the supply point and

the discharge point is partly a function of the residence time of

the water (how long water remains in the system on average).

Where residence time is short, water quality characteristics of

the discharge may be more a function of the supply water quality

than of processes taking place within the system. High flow

rates and short residence times are usually designed into systems

intended to support decorative fishes and other organisms as a

means of insuring good water quality and healthy biological

communities within the system.

5.3 WATER QUALITYIMPACTS

saltwater tanks. Exotic species, if present, will be kept in

separate, smaller, detached aquarium. The EnterOcean project

will not introduce exotic species into Guam's waters by outfall

discharge.
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The Monteray Bay Aquarium is in a Temperate Zone and

draws water from Monterey Bay in Northern California. The system

intake consists of two 2,000 gpm capacity pumps drawing sea water

from a depth of 55 feet. Because this "raw" sea water frequently

cannot meet water clarity needs within the aquarium, an internal

Monterey Bay Aquarium, California5.3.1

discharge. One source of comparable information is from large,

commercial marine aquaria. Attempts to gathe! relevant data from

several aquaria of this type have generally met with problems

related to analytical procedures. Predicting water quality

changes in the water flowing through a facility such as the

EnterOcean swim through lagoon is difficult because measurements

that would be of interest in assessing aquarium impacts on have

not been routinely made at other exisiting facilities. The

problem is exacerbated by the limited analytical experience most

laboratories have with sea water as a matrix and the relatively

low concentrations of the analytes of interest (nutrients and

suspended solids primarily). Nevertheless, to assess the impacts

on water quality after project completion, a review of studies

monitoring the Monteray Bay Aquarium, California; Mauna Lani

Resort, Island of Hawaii; and the Water Quality Monitoring Report

for Ihilani Resort & Spa, Hawaii (February 1994) are used to

evaluate and compare possible effects the intake/outfall

structure will have on the waters off of Gun Beach.
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Water quality monitoring was undertaken for a time after

the facility was first built. Review by U.S. EPA and the

California Regional water Quality control Board determined that

no discharge permit (e.g. NPDES permit) was required for the

system. Table 5.1 summarizes the data provided from four

sampling events in 1986, five in 1987, and one in 1988, and two

in 1989. These data were provided by the Monterey Bay Aquarium.

Only months between November and March inclusive are covered by

these measurements. For temperature and pH, average measurements

is presented; for nitrate + nitrite, ammonia, phosphate, and

silicate, the values presented are geometric means. A simple t-

recirculation/filtration system capable of filtering at a rate of

up to 5,700 gpm is utilized. Exhibits contain variable

proportions of filtered and unfiltered sea water to meet needs

and changing inflow water quality. Some subsystems used to

display mammals (e.g. sea otters) and/or non native species are

entirely or substantially isolated from the f~ow through system.

The usual discharge rate is 1,850 gpm, directed to a tidal basin

at the shore fronting the facility. Backwash from the various

filter systems is also fed into the tidal basin, where dilution

on the order of 74x with overflowing sea water occurs before

discharge into Monterey Bay. Even during filter backwashing

(approximately 1.67% of the time) the sea water overflowing into

the bay is of better quality than the receiving water (David

Powell, 1994).
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TABLE 5.1
SUMMARY AND COMPARISON OF INTAKE AND DISCHARGE MONITORING

RESULTS FROM THE MONTEREY BAY AQUARIUM

TEMP pH N03+N02 NH3 P04 si
°c ug/l ug/l ug/l ug/l

Raw Sea means 11.7 7.9 150 23 66 351
water n= 8 12 14 14 12 9

Return Sea means 12.0 7.9 379 27 43 366
water n= 8 12 14 14 12 9

p= 0.61 0.42. 0.0007 0.34 0.47 0.75
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The Bungalows outdoor salt water pond system at the Mauna

Measurements of water quality in decorative water

features located at the Mauna Lani Resort on the Island of Hawaii

were made in June 1991 and May 1992 (AECOS, 1992) to provide a

basis for assessing water quality implications of discharges from

these types of systems. The Mauna Lani systems support

relatively large numbers of fishes and are typical of successful

decorative marine pond features.

Mauna Lani Resort. Island of Hawaii5.3.2

Test was performed to evaluate the means (i.e., the question was

asked: are the means from the intake and discharge sides

significantly different?). It is generally accepted that a P

value of 0.05 (that is 5%) or less is indicative of a significant

difference between means compared using this statistical test,

and these values are given in bold type. The results, expressed

as a probability valu~ (P) provide no indication that the

aquarium system either added or removed the measured sUbstances

from the water with the exception of the nitrate + nitrite

values. Thus for these analytes and properties, the aquarium

appears not to have any effect on temperature, pH, or nutrients

other than nitrate + nitrite. From these limited monitoring

measurements, nitr.:tte+ nitrite appears to be added to the sea

water as it flows through the system.



317700.005-524

A second pond system is located partly inside the hotel.

Shallow marine ponds are an integral part of the "tropical

garden" setting of the Mauna Lani Hotel Lobby. These ponds are

fed from a well that inputs just outside the north side of the

building and exits outside the building on the south side. Most

of the ponds are inside the atrium like lobby of the hotel. This

system is older than the Bungalows system. The shallower well

provides water that is more brackish than the Bungalows system.

The total volume of the Lobby system is about 23,000 gallons.

Water is supplied at 360 gpm (two wells with this rating are

present, but ordinarily only one is in operation at a time).

Lani Resort consists of a series of concrete-lined waterways

separated by weirs and fed from waterfall structures and

subsurface jets. The system's source water is a deep well

located on site, which provides saline groundwater at a salinity

of 33.5 parts per thousand (ppt; measured by refractometer on May

24, 1991). The well pumps supply about 2,400 to 2,450 gpm of

this saline groundwater to the system. The surface area of the

system is estimated at 66,000 square feet and the average depth

is 2.5 feet; thus, the volume of the system is about 1.2 million

gallons. In 1991, the number of fishes in the system channels

and ponds was estimated at 11,000. In 1992, the estimated count

was 8,000 fishes. These were a mixture of mostly herbivores and

included manini and milkfish. A number of young green sea

turtles (Chelonia mydas) were present in 1991.
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Averaged numbers for the temperatures recorded at the

inlet and outlet sides of the systems combine both daytime

heating and nighttime cooling of the water as it flows through a

system. The increase of nearly 2°C between inlet and outlet seen

in May 1991 is influenced by the fact that measurements were made

only during daylignt hours. Results of the 24 hour sampling in

1992 suggests that a smaller average increase in temperature

occurs in the ponds.

Water quality measurements were made on two occasions.

On June 5, 1991, a series of water quality samples were collected

from intake and discharge points between 0900 and 1530 hours to

assess changes in water quality that occurred as water flowed

through the Bungalows system. This study was repeated on May 27-

28, 1992 to cover a 24 hour period and to include measurements of

both the Bungalows and the Lobby Pond systems. Results of these

studies are summarized in Table 5.2 with average (arithmetic or

geometric mean) values. The terms I1INI1 and "END" refer to inlet

samples and end of system (just before discharge) pond samples

(two of each location for the Bungalows); "SUMP" refers to sample

collected from a receiving sump for the discharge from the two

Bungalows systems.

Residence time of the water in the system is thus about one hour.

The total number of fishes at the time of the study was estimated

10,000 individuals.
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TABLE 5.2
MEAN AND GEOMETRIC MEAN VALUES FROM THE MAUNA LANI RESORT STUDIES

PARAMETER SAMPLE LOCATION
IN( 1) END(1) IN(2) END(2) SUMP

JUNE1991 BUNGALOWS
(N=4)
Temperature (OC) 21.8 23.4 21.7 23.9 23.1
TSS (mg/L) ---- 5.7 ---- 5.6 4.5
DO (mg/L) 4.7 6.2 6.1 6.8 9.3
N03+N02 (ug NIL) 87 2 89 4' 2
NH4 (ug NIL) 2 8 1 8 6
Total N (ug NIL) 179 165 152 202 161
P04 (ug P/L) 41 24 46 26 24
Total P (ug P/L) 43 35 46 41 34

May 1992 BUNGALOWS
(n=8)
Temperature (°C) 25.1 25.8 25.2 26.5 25.9
pH 7.8 7.7 7.8 7.7 7.8
TSS (mg/L) 0.9 2.6 0.7 5.8 3.8
DO (mg/L) 3.4 5.0 3.5 4.6 4.9
N03+N02 (ug NIL) 129 96 151 67 92
NH4 (ug NIL) 5 18 6 7 8
Total N (ug NIL) 230 217 242 224 193
P04 (ug P/L) 51 45 55 32 39
Total P (ug P/L) 44 48 55 45 42
Chlorophyll (ugIL) ---- 2.35 ---- 2.89 1.44

May 1992 LOBBY
(n=8)
Temperature (OC) 25.6 26.0
pH 7.8 7.9
TSS (mg/L) 1.1 2.4
DO (mg/L) 5.4 5.1
N03+N02 (ug/L) 664 624
NH4 (ug NIL) 6 9
Total N (ug NIL) 812 763
P04 (ug P/L) 75 95
Total P (ug P/L) 64 62
Chlorophyll (ug/L) ---- 1.56
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Average oxygen in the water was increased across a

diurnal cycle in the Bungalows system, but not in the Lobby

system. The difference is probably related to reduced

photosynthetic activity in the indoor system as compared with the

outdoor (Bungalows) system.

Total suspended solids (TSS) increased as water flowed

through the systems, but results were highly variable.

Considering the nature of the systems, variation in TSS is

expected. The release of particulate depends upon a number of

managed and unmanaged factors, and "typical" values will probably

be difficult to define for these systems.

The pH of the water changed little between inflow and

outflow when measurements are reduced to an average value. While

both arms of the Bungalows system measured a Ph 0.1 unit less

than the inlet water, the sump value (just below the outlet

measuring points) averaged the same as the inlet water. The

Lobby system average was 0.1 unit higher at the outlet than at

the inlet. curiously, despite the difference in salinity of

these two pond systems, the pH values were not very different and

about 0.3 to 0.5 units below typical open ocean values. A

desirable pH range for maintaining animals in both brackish and

sea water systems is 8.0 to 8.3 (Spotte, 1979). The low pH at

the Mauna Lani is a consequence of chemical reactions within the

groundwater body and is thus not easily remedied.
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Changes in water quality between influent and effluent

points can be expressed as the percent differences. A positive

percentage indicates a contribution to the effluent by the

system. A negative value indicates removal, uptake, or

conversion; that is, the amount in the effluent is less than that

supplied by the influent. For the ponds at the Mauna Lani on the

days surveyed, most parameters were reduced in concentration as

the water flowed through the system. Not surprising, particulate

(TSS) and ammonia were exceptions. These results compare in a

The nutrient results are interesting in several respects.

The fairly sUbstantial reduction in inorganic nitrates and

phosphates observed in 1991 was not so great in 1992, presumably

due to real difference in the dynamics of the primary producers

(algae) in the systems. Owing to management practices, or

"natural" cycles',the uptake of inorganic nutrients probably

changes with time in these systems. Possibly also contributing

was a greater concentration of nitrate plus nitrite in the well

water in 1992 as compared with 1991. On the other hand, ammonia,

a product of aquatic animal excretions, increased in all cases.

Total nitrogen eN) and total phosphorous (P) results are

variable, with slight average increases in some cases and slight

average decreases in all others. The 24-hour measurements

suggest a decrease in total Nitrogen as water flows through the

system. About half of the total Nitrogen is accounted for as

inorganic nitrate, nitrite, and ammonia.
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The nearshore waters in the vicinity of the Ihilani

Resort & Spa in Oahu's Ewa District have been monitored

extensively as part of compliance requirements with a Section 401

Water Quality Certification. This resort maintains large

decorative, outdoor fish ponds into which sea water from an

adjacent lagoon is pumped. outflow is directed to a pipe located

at the ocean shore. The volume of the ponds is about 300,000

gallons (1,135,500 liters) and inflow (and discharge) approaches

1000 gpm. The water residence time is approximately 5 to 6

hours.

Ihilani Resort, Island of O'ahu5.3.3

general way with marine aquaculture facilities (Table 5.3; values

after CTSA, 1990), where increases in ammonia and TSS are the

most sUbstantial changes effected on the supply water by the

biomass of cultured organisms. In the latter, nitrate tends to

be mostly unchanged, but all other parameters show increases.

Decorative pond systems and aquariums resemble aquaculture to the

extent that both share a common purpose of maintaining living

aquatic organisms. Aquaculture management promotes the maximum,

healthy growth of biomass of the cultured species as a primary

purpose. Decorative and display pond management places a higher

premium on water clarity, which is a goal consistent with

minimizing effluent water quality impacts on receiving waters.
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TABLE 5.3
PERCENT DIFFERENCE IN THE CONCENTRATIONS OF PARAMETERS

BETWEEN INFLUENT AND EFFLUENT WATERS1

BUNGALOWS 1991 BUNGALOWS 1992 LOBBY MARIN
1992 E

FISH
AQUAC
ULTUR
E2

(1) (2) (1) (2)

N03+N02 -98 -96 -26 -56 -6 9

NH4 300 700 260 17 50 831

Total Nitrogen -8 33 -6 -7 -6 100

P04 -41 -43 -12 -42 27 92

Total Phosphorus -19 -11 9 -18 -3 165

TSS -- -- 189 728 118 350

1 - Percent difference is calculated from : «END-IN/IN) x 100
2 - Aquaculture values for Hawaii after CTSA (1990)
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For most of the analyses, the differences between

stations are subtle. However, after 29 consecutive sampling

events, a very good comparison between lagoon water (site of the

intake station) and ocean water (sta. lS) can be made. In the

lagoon, salinity is very slightly depressed and nutrients

(particularly nitrate + nitrite) are slightly enriched compared

with the ocean. Ground water influx is believed to cause these

differences. Comparison of mean silicate values (442 ug Sill in

the lagoon; and, 216 ug Sill at the ocean shore) supports the

water quality sampling was initiated on November 15,

1993, during construction of the discharge pipe, and continues at

a frequency of two events per month. Table 5.4 depicts the mean

values of data acquired during December 1993 to January 1995.

station "Lagoon" represents the daytime quality of the water

pumped into the decorative fish ponds. station "outfall"

represents water collected within 2 meters of the discharge (end

of outfall pipe), within the zone of initial dilution for the

outfall. Starting in June 1994, sampling of the water exiting

the ponds was initiated, providing an "Effluent" sample. station

illS"is water at the ocean shore at a point 150 meters south of

the outfall, representing a control station. Water quality was

measured for a time at a second shoreline "control" station to

the north (llN"). Monitoring at this second control station was

discontinued after it was demonstrated that mean water quality

values were identical to those of Station 1S.
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10
202
20

601
0.63

25.5
34.34

6.5
8.10
4.25
8.1
59

10
195
16

336
0.51

25.1
34.54

6.7
8.16
2.09
5.8
16

8
155
14

216
0.37

25.3
34.60

6.8
8.18
1.29
3.9

7

0.2
29

5-17

8
160
16

442
0.37

25.1
34.47

6.7
8.14
2.30
4.9
32

0.2
29

Temperature (OC)
Salinity (ppt)
DO (mg/l)
pH (pH units)
Turbidity (ntu)
TSS (NFR) (mg/l)
Nitrate + nitrite

(ug NIl)
Ammonia (ug Nil)
Total N (ug NIl)
Total P (ug P/I)
Silicate
chlorophyll (ug/l)

NOTE: Termperature, salinity, dissolved oxygen, and pH are mean
values; All others are calculated as geometric mean values

16

nla

nla

POND
EFFLUENT

0.2
29

OFF
OUTFALL

1

LAGOON STATION 1S
(INTAKE) (CONTROL)

1Distance offshore
(meters)
Depth (meters)
(n:::)

TABLE 5.4
SUMMARY OF 1993-1995 WATER QUALITY DATA COLLECTED

OFF THE IHlLANI RESORT & SPA SHORELINE

1
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For the means presented in Table 5.5, a significant

difference is indicated for the salinity, turbidity, nitrate +

nitrite, ammonia, total N, silicates, and chlorophyll. Changes

in temperature, DO, pH, TSS, and Total P are not significant. In

all the cases of statistically significant change, except for

salinity, the analyte shows an increase as water flows through

The sample labeled "Off Outfall" provides indication of

the influence of the pond discharge on the near shore waters.

However, the results from the station labeled "Pond Effluent" are

a better measure of the quality of the water discharged from the

Ihilani Resort & Spa pond system because the "off outfall" sample

is a mixture of the discharge and the ocean water at the end of

the pipe. The record from the lIeffluentllstation is shorter than

that of the other stations. To provide an accurate comparison,

Table 5.5 shows mean values for all parameters measured at

"Lagoon" and "Effluent" from the sixteen occasions when both were

sampled. This table also includes the results (P values) of t­

Test comparisons of the means. Values of 0.05 or less are

generally considered to indicate a significant difference by this

test and are shown in bold type in Table 5.5

groundwater influx explanation. The lagoon is, on average, more

turbid than the ocean near shore. There is no difference for day

time dissolved oxygen (DO), ammonia, or chlorophyll measurements

between the lagoon and ocean.
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0.35
0.63

0.010

5-19

NOTE: Temperature, salinity, disolved oxygen, and pH are mean
values; All others are calculated as geometric mean values.

412
601

0.001

16
20

0.056

160
202

0.005

7
10

0.02

32
59

0.002

INTAKE
DISCHARGE
t-test Pvalue

ug/l

Chi.asiOl

ugsi/l

NH3 Total N Total P

ug NIl ug NIl ug Pll

5.4
8.1

0.17

2.11
4.25

0.015

8.12
8.10
0.14

6.7
6.5

0.38

34.53
34.34

0.0025

25.8
25.5
0.53

INTAKE
DISCHARGE
t-test Pvalue

TSS
(mg/l)

TURB
(ntu)

pHDO
(mg/l)

Sal
(ppt)

Temp
(OC)

TABLE 5.5
COMPARISON OF INTAKE ("LAGOON") AND DISCHARGE ("EFFLUENT") MEANS
AND SIGNIFICANCE FOR THE PERIOD JUNE 1994 THROUGH JANUARY 1995

(n=16)
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A supplementary sampling was undertaken over a two week

period in January 1995 to clarify the turbidity and TSS values in

the sea water passing through the Ihilani Resort and Spa system.

Because of difficulties establishing a representative sampling

the system. In essence, the system appears to be adding small

amounts of nutrients (particularly nitrates). It is possible

that the increase in silicates and nitrates relate to the

slightly lower salinity of the discharge. In order for the

system to "lose" salt, fresh water must be added. The intake

sampling station is located near the surface above the intake

structure and could underestimate intake salinity by measuring

slightly less saline and therefore less dense surface water.

Rainfall is a source of fresh water to the ponds, although the

system is located in a dry area where evaporation nearly always

exceeds rainfall. The ponds do not receive runoff from roofs or

other areas which would differentially contribute to the

discharge as compared with the lagoon surface at the intake. The

watering system for the surrounding gardens does spray into the

ponds when operating. This action could result in inputs of

fresh water, nitrates, and silicates. Nitrates and silicates can

be expected to be higher in fresh water as compared with lagoon

water. This airborne irrigation water is a very likely the cause

of some of the differences between intake and outlet sides, and

an irrigation water sample could provide valuable information on

the degree of contribution.
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These data show that both turbidity and TSS in the

lagoon, where the sea water is obtained, are elevated at a depth

of 2 m relative to the surface samples. Thus, the mean values

for these parameters shown in Table 5.4 are very likely

underestimates of the values in the water drawn into the system.

The difference is such that the system appears to be releasing

less suspended material (TSS = 4.3 mg/l) to the effluent stream

than is coming in (TSS = 5.8 mg/l); the opposite conclusion would

be drawn considering only the Table 5.4 or Table 5.5 values.

These results suggest that the installation of a sampling spigot

on the inflow line would provide better estimates of incoming

water quality for most parameters.

location for the sea water source, samples have been collected

from a rock revetment in the vicinity of the intake structure.

Concern was expressed by the system designer that these surface

samples might be underestimating particulate (measured as

nephelometric turbidity and total suspended solids) in the

inflow. Consequently, samples were collected f~om the surface

(norma~ monitoring sta. "Lagoonll)and at the 2 m depth (close to

the intake structure depth) for comparison. Additional samples

were obtained from the lagoon entrance channel where it has been

proposed to move the intake structure in order to improve water

quality. A fourth sampling was made from the effluent for

comparison with the influent water quality. The results of this

special sampling are tabulated in Tables 5.6 and 5.7 •



5-22

317700.005·524

TABLE 5.6
TURBIDITY (ntu) MEASURED IN SPECIAL SAMPLES

FROM OVER A TWO WEEK PERIOD AT IHILANI RESORT & SPA

DATE LAGOON LAGOON LAGOON EFFLUENT
AT INTAKE AT INTAKE AT CHANNEL FROM PIPE

SURFACE 2 m 2 m

01/11/95 1.36 1.16 ---- 2.01
01/12/95 1.97 2.26 ---- 2.12
01/13/95 1.28 3.00 0.38 1.62
01/16/95 1.64 2.44 0.32 1.72
01/17/95 0.98 1.46 0.46 1.02
01/18/95 1.01 1.29 0.52 1.52
01/20/95 0.96 1.38 0.64 1.47
01/23/95 0.60 0.80 0.39 1.05
01/24/95 1.20 1.52 1.18 ----

Geometric Mean 1.16 1.58 0.51 1.52
Std. Dev. 0.62-1. 64 1.05-2 .38 0.33-0.78 1.16-1.99
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TABLE 5.7
TOTAL SUSPENDED SOLIDS (mg/l) MEASURED IN SPECIAL SAMPLES
FROM OVER A TWO WEEK PERIOD AT THE IHlLANI RESORT & SPA

DATE LAGOON LAGOON LAGOON EFFLUENT
AT INTAKE AT INTAKE AT CHANNEL FROM PIPE

SURFACE :2 m :2 M

01/11/95 3.6 5.0 ---- 4.3
01/12/95 4.5 5.3 ---- 5.0
01/13/95 2.8 8.1 2.9 3.3
-01/16/95 2.8 4.7 5.1 4.2
01/17/95 2.8 6.2 1.2 4.2
01/18/95 1.8 4.7 3.0 4.8
01/20/95 2.5 4.0 2.6 5.7
01/23/95 3.2 7.2 5.3 3.4
01/24/95 5.3 8.5 18.2 ----

Geometric Mean 3.1 5.8 3.9 4.3
Std. Dev 2.3-4.3 4.4-7.5 1.7-9.0 3.6-5.2
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The decorative ponds have been populated slowly with

fishes and the biomass of fish is well below maximum, so it

remains to be seen what the impact of the system will be on near

shore water quality when a higher biomass is present in the

ponds. It is clear that the water quality of the lagoon can be

detected in some of the means from the outfall station. The

Table 5.8 presents a comparison matrix for the means in

Table 5.6 and Table 5.7. Table 5.8 values are P values for a t­

test comparison of means. It is generally accepted that a P

value of 0.05 (that is 5%) or less is indicative of a significant

difference between means compared using this statistical test,

and these values are given in bold type. Of primary interest for

the present analysis of discharge impacts on the environment is

the comparisons between surface and 2 m depth samples in the

lagoon. For turbidity, the results indicate that differences are

not significant. For total suspended solids, the surface versus

deep means are significantly different. In effect, these results

say that the concentration of fine particulate (i.e., cloudiness)

is homogeneous in the water column; the surface and 2 m deep

samples are from the same water mass. However, other

particulate, perhaps fine sands that would tend not to be

measured by a nephelometric turbidimeter because of high settling

velocity, are more concentrated near the bottom and therefore,

underestimated at the "Lagoon" station for the monitoring

program.



TABLE 5.8
PROBABILITIES (P) FROM t-TEST COMPARISONS OF THE GEOMETRIC

MEANS IN TABLES 5.6 & 5.7 FOR TURBIDITY AND TOTAL SUSPENDED SOLIDS

LAGOON LAGOON LAGOON EFFLUENT
SURFACE 2 m CHANNEL

LAGOON TURBIDITY~ 0.106 --- ---
SURFACE T~S'"

LAGOON 0.0004 0.0001 0.83
2 m

LAGOON --- 0.20 ---
CHANNEL

EFFLUENT --- 0.019 ---
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Essentially all of the potential impacts to water quality

are associated with effluent discharge from the "aquarium"

system. Based on the three examples discussed above, any

difference in water quality between the discharge waters and the

receiving body resulting from operation of the proposed Guam

EnterOcean facility are projected to be slight. Small increases

EnterOcean Guam Facility5.3.4

salinity means are particularly interesting because of the degree

of accuracy in the measurements. Although the difference

between the lagoon and the ocean is only around 0.2 ppt, this

difference is statistically significant (P::;:0.0025)."Before the

northern control station was discontinued, both control location

means (Station 1S and IN) were within 0.01 of 35.56 ppt. The

outfall mean (presumably a varying mixture of the lagoon and

ocean waters) is presently 34.54 ppt and the lagoon is 34.47 ppt.

If these values represent real differences as opposed to

analytical variation, then the outfall samples represent an

average mix of 5 parts ocean water and one part pond (lagoon)

water. This is a reasonable result given the location of the

"outfall" sample in relation to the end of the pipe. A similar

initial dilution estimate results from consideration of the means

from 16 events previously tabulated (i.e., 5x34.53=172.65

+34.34=207.00+6=34.50; very close to the outfall salinity of

34.54 ppt).



317700.005-5245-27

The use of offshore waters as the intake for the aquarium

has the primary advantage that particulate (suspended solids and

turbidity) and nutrient (N and P) levels will be minimal. This

will assure the clearest waters for the facility and an

excellence baseline for discharge back into the offshore

environment. Since the proposed turnover rate of the water

system is high (once every three hours), changes in water

quality, especially particulate and nutrients which are the main

concern, should be minimal. Significant changes in salinity and

temperature are not anticipated in a well maintained and balanced

system. Dissolved oxygen levels and percent saturation should

not be a problem either within the system or the discharge, and

mechanical aeration will be provided if necessary.

in suspended solids, turbidity, inorganic nutrients, and

chlorophyhll can be expected. Discharge nutrients will be

rapidly assimilated in the receiving waters as the offshore

waters are nutrient limiting for the primary producers (algae).

A benthic algal community may develop near the discharge site,

but this would certainly be cropped and kept in check by

herbivorous reef dwellers. Similarly, any increase in the

offshore phytoplankton production as the result of nutrient

assimilation together with the phytoplankton (chlorophyll )

discharge in the effluent·would effectively be grazed by the food

limited zooplankton community.
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waste water from the EnterOcean Facility will flow by 4"

forcemain to a manhole vicinity by the Nikko Hotel. Sewage will

waste Water Systems5.4.2

Both domestic water and fire protection will be serviced

by a 6" water main connected to an existing water main in front

-of Nikko Hotel.

Fire protection provision, including automatic sprinkler

system, is for 500 gallons per minute rate utilizing 6"0 pipe.

Based--on wastewater engineering references, the average daily

cold water consumption will be approximately 11,250 gallons.

Fresh water will be used in the facility's restrooms and shower

facility (for guests to rinse off before entering and after

exiting the swim through attraction). Shower fixtures will be

outfitted with water conservation devices, and toilet fixtures

will be ultra-low flush (1.6 gallons per flush) type. Fresh

water will also be used for the kitchen facility and for

landscaping maintenance.

5.4.1 Water Systems

Maximum total fresh water consumption is calculated at

400 fixture units which is equivalent to 130 gallons per minute.

INFRASTRUCTURE5.4
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existing 13.8 kva, 3 phase overhead primary line servicing the

Nikko and Okura Hotels. This line would be extended and

terminated on a riser pole at the EnterOcean Facility. The

project itself would use a 1,000 kva Pad Mounted Distribution

5.4.4 Electrical Systems

The proposed Enterocean Facility will receive electrical

energy from GPA's Tanguisson station. The total computed demand

load for the facility is 877 kva. The recommended transformer

size to serve this complex would be 1,000 kva. There is an

access road to the EnterOcean project would be an extension of

Gogna Road. The newly developed EnterOcean access road will

"deadend" at the project site. since this development is at the

northernmost end of San Vitores, there is no existing traffic

which will be impacted. Existing and proposed roadways will be

sufficient to accommodate the increased trafic from the

EnterOcean facility.

5.4.3 Roads

The access road for this project will be developed and

constructed within an existing easement leading towards a

proposed future hotel resort to the north. The portion of the

then flow by gravity to the Fujita Pump station. Maximum total

load is calculated at 220 fixture units. At.11,250 gallons

average daily cold water consumption, the average waste water

load will be approximately 10,000 gallons daily.
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the proposed recreational facility and restaurant services will

be comprised of paper, cardboard, plastics, food waste, glass,

metals, special waste including bulky items, white goods, and

landscaping wastes.

Evaluation of a similar sea life recreational center with

restaurant services, located in Hawaii, with approximately 1,800

to 2,200 visitors per day is used to estimate the expected solid

waste generation for the completed facility. The Hawaii based

recreational center is serviced by two 6 cubic yard disposal

trucks, daily (based on a six day week). Based on the

similarities in type of vast,egeneration and the estimated

visitor count, the proposed EnterOcean facility is expected to

5.4.6 Solid Waste

Solid wastes comprise all the wastes arising from human

and animal activities that are normally solid and that are

discarded as useless or unwanted. The solid waste generated from

The installation of telephone service into the area will

adhere to the required GTA standards. The impacts that this

activity will have upon the environment include an increase in

resource use, additional load, and the intrusion of concrete

poles. These are assessed as having no significant impact.

Telephone5.4.5

Transformer with 13.8 kva primary and 480/277 volts secondary

voltage.
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Conceptually, stormwater run-off from all land surface

areas (buildings roof, parking lot, open areas, and others)

totalling approximately 1.4 acres will be managed and contained

within boundaries of the development. Appropriate landscaping

The total acreage of the EnterOcean Facility development

is approximately 4.16 acres. The planning and engineering of the

stormwater rUn-off generated by the development and subsequent

design of drainage facilities will follow Guam's drainage

planning policies contained in the following documents:

-Guam storm Drainage Manual, Chapter II

-Guam Environmental Protection Agency "208 Water Quality

Management Plan"

storm Water Management5.4.7

The solid waste will be picked up by private collectors

and taken to designated landfill sites. The owner of the

proposed facility will adhere to and promote any future recycling

program available on the island. It also may be possible for

food materials to be collected and taken to local farmers for

livestock feed. No unusual or hazardous materials will be

incorporated into the municipal solid waste generated from the

EnterOcean facility.

generated approximately 8-12 cubic yards of waste per day.
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Commerce statistics also estimated that each dollar spent

by a visitor will ultimately increase the total house hold income

on Guam by 74 cents. This amount includes the: 1) project

operating payroll; 2) portion of the payroll of businesses

providing goods and services (an indirect effect); and, 3)

It is estimated in the first year of operation that

direct revenues will be $6 million. A commercial output

multiplier of two is typical (Department of Planning and Economic

Development, State of Hawaii, 1983). Based on this multiplier,

total revenue for Guam would be $12 million annually.

The operation of the EnterOcean facility will generate

positive fiscal impacts in three area: 1) increase in total sales

or revenue in the island economy; 2) increase in household

income; 3) increase in government revenues through fees and

taxes.

5.5 FISCAL IMPACTS

will aid in stormwater infiltration. Stormwater collected from

pavement, roofs, and other areas will be contained on site in

underground stormwater retention and percolation chambers. The

aquarium seawater 'Jutfallwill not be used to discharge

stormwater (except rain which falls directly into the open

seawater tanks).
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With the completion of construction and opening of the

EnterOcean facility, a demand for specialized employment will

provide opportunities to a wide range of professionals. Table

5.9 portrays the positions, background and experience

qualifications, and number of people expected to be employed.

This list describes a variety of specialists, promotional

positions, and maintenance workers. The completed facility is

expected to employ 184 people. An additional 110 jobs will also

be generated through indirect and induced effects.

Employment5.6.1

SOCIOECONOMIC IMPACTS5.6

Similarly, a total of 11 percent of visitor expenditures

contribute to government revenue through a combination of gross

receip~s tax on direct, indirect and induced transactions,

payroll taxes and revenue taxes. The project is expected to

contribute a total of $660,000 annually to the government revenue

or approximately 1/10 of 1 percent of the governments total

co1lections.

portions of payrolls for those businesses impacted by the

economic activity. The total annual increase in household income

is $4,440,000,000.
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TABLE 5.9
PROJECTED EMPLOYMENT FOR COMPLETED ENTEROCEAN FACILITY, GUAM

--. . . ~
11S~:;t»\;<"-/:',::;::~;<,..' ~_NUMBER,- 'OF.~:.".. .
PO'SITION BACKGROUND EXPERIENCE PEOPLE

VP/Gen. Manger Management 1

Admin. Asst. Management 1

Accounting/Personnel

Controller Accounting 1

Chief Accountant Accounting 1

Personnel Manger Human Resources 1

Admin. Asst. Business 1

Accounting Clerks Accounting 6

Sales/Marketing

Manager-Sales/Marketing Marketing Mgt 1

Supervisor-Receptionists Management 1

Asst. Supervisor-Reception Management 1

Manager-Retail Sales Sales Management 1

Asst. Mgr.-Retail Sales Management 1

Manager-Club Sales Sales Management 1

Asst. Mgr.-Club Sales Sales Management 1

Receptionists General 14

Retail Sales Personnel General 12

Tour Operations

Manager-Tour Operations Ocean Sol./Management 1

Manager-Dive Tour Ops. Ocean Sciences 1

Asst. Mgr.-dive Tour Ops. Ocean Sciences 1

Manager-Semi-sub Ops. Ocean Sciences 1
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TABLE 5.9 (continued)
1,,::."-: . ;':.~" :. / NUMBER'.

" . OF
POSITION ::', BACKGROUND EXPERIENCE PEOPLE

Asst. Mgr.-Semi-Sub Ops Ocean Sciences 1

Dive Tour Leaders Ocean Sciences 13

Dive Tour Attendants Ocean Sciences 8

Semi':"SubOperators Ocean Sciences 8

Semi-Sub Attendants Ocean Sciences 8

Entertainment

Entertainment Director Entertainment Mgt. 1

Entertainers Entertainment 6

Science and Education

Director-Science/Education Marine Biology 1

Curator Marine Biology 1

Asst. Curator Marine Biology 1

Biologist Marine Biology 1

Bio-Technician Marine Biology 1

Fish Collector Marine Biology 2

Manager-Education Marine Biology 1

Chief Docents Marine Biology 1

Docents Marine Biology 6

Food and Beverage Operations

Manager-Food & Beverage F&B Management 1

Manager-Sea Cave Lounge F&B Management 1

Asst. Mgr.-Sea Cave F&B Management 1

Manager-Snake Shop F&B Management 1
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TABLE 5.9 (continued)
, .'

!(~_'~~~,::.~. NUMBER
,\~J.:,,;'::::,~ , , OF
:POSITION",,.; BACKGROUND EXPERIENCE PEOPLE.

Asst. Mgr.-Snake Shop F&B Management 1

Manager-Catering F&B Management 1

Food and Beverage Personnel General 44

Maintenance

Maintenance Manager Engineering 1

Mechanic Maintenance Engr. 1

Electrician Electrician 1

Electronics Tech. Electronics 1

Grounds Maint. Personnel Landscape Maint. 2

Transportation

Transportation Manager General 1

Drivers General 18
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The EnterOcean group has began informal discussions with

members of the University of Guam to explore opportunities for

shared resources and university involvement in a cooperative

planning and maintenance schedule. This will allow the

University of Guam to receive exposure to and research wildlife

maintenance in an aquarium setting. The EnterOcean facility will

It is the intention of the EnterOcean facility to

introduce school children, university students, and professionals

to the educational aspects of the facility. A planned schedule

will be initiated that allows a student to frequent the facility

and become familiar with marine life and its role in the Pacific

realm. Students will be given an opportunity to visit the

facility with their classmates and teachers at a discounted

admission rate.

Public Schools and Educational Facilities5.6.2

The increase in employment will have an impact on the

local economy, housing, and infrastructure. This increase should

not be regarded as having a negative impact, but rather an

opportunity that will open avenues for many local residents in

Guam. The proposed undertaking also allows for the introduction

of professionals' from around the world who can increase and

improve the exposure Guam receives globally.
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The Guam Memorial Hospital, GMH, is located approximately

2 miles from the facility. This is within a close proximity to

the EnterOcean facility. Emergency services at the hospital are

available for medical assistance in an emergency or similar

situation. Although the EnterOcean Group is confident that its

diving and marine activities are safe and the probability of

injury is very small, there is an adequate hospital to serve the

needs of visitors. The EnterOcean facility should have no

significant impact on the hospital services.

Hospital Services5.6.4

The completed facility will place a demand on local

services for routine inspection and a thorough introduction of

the facility and its components to police and'fire workers. This

will ensure the safety and health of workers and patrons during

an emergency situation. An introduction of the design and

operation of the facility can be given to police and fire workers

prior initial opening of the facility. The benefits of these

workers becoming familiar with the facility will be an advantage

for any routine and emergency situation.

Police and Fire Services5.6.3

benefit from University knowledge and research.
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The completed facility will generate a demand for

specialized employment and this will generate a need for off­

island workers. Although residents of Guam will be

preferentially recruited for employment, a demand for specialized

employees will have an effect on the population on the island.

Population5.6.6

The completed facility will generate activity in the area

that did not exist prior to development. However, through the

process of site evaluation, the Enterocean facility has planned

its objectives to complement the surrounding neighborhood. Most

of the ~acility's services are directed towards the visitor

population that resides in Tumon Bay. The project's immediately

surrounding neighbors are the Harmon Annex, situated above the

bluff, and the Nikko and Okura Hotel. The impact the facility on

these adjacent properties will include increased traffic, an

increase in land use, including beach and reef area, an increase

in noise production, and additional strain on utility services.

Through comprehensive planning and dedication to required

mitigation measures, it is anticipated that the facility will

not generate significant impacts to the existing neighborhood.

NeighbQrhood5.6.5
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The weekday morning peak hour of the adjacent street will

generate a total of 1 vehicle trip, with 1 entering and 0

Traffic analysis estimates the total average weekday

passenger vehicle traffic generated by the EnterOcean facility as

230 vehicle trips, with 115 entering and 115 exiting. Based on

15 operating hours per day, the average weekday hourly vehicle

traffic generated is 16 vehicle trips per hour, with eight

entering and eight exiting.

Trip Generation5.7.1

TRAFFIC IMPACTS5.7

It is an important to address the need to hire and train

local workers. This may draw laborers from other productive

activities such as agriculture or fishing, however, it will

provide opportunities for upward mobility to members Guam's

community.

Both direct and indirect impacts will result from an

influx of off-island workers. Direct impacts include an increase

in the demand for housing, goods and services, childcare and

health care, and other necessities. A burden will be placed on

the road system and infrastructure services.



317700.005-5245-41

Roadway Adequacy5.7.2

The Saturday peak hour will generate the maximum vehicle

traffic, with 64 trips, 37 entering and 27 exiting. with a total

of 210 vehicle parking spaces on site, the Saturday peak hour

traffic load can be accommodated. Traffic flow will not be

congested since there is sufficient parking for all vehicles

entering and exiting.

The average total Sunday vehicle traffic generated by the

development will be 578 trips, with 289 entering and 289 exiting.

Based on the facility operating 15 hours per day, the average

Sunday hourly vehicle traffic generated is 38 trips per hour,

with 19 vehicles entering and 19 vehicles exiting. The Sunday

peak hour will generate 60 vehicle trips, with 26 entering and 34

exiting.

The average total Saturday vehicle traffic generated by

the development will be 610 trips, with 305 entering and 305

exiting. Based on the facility operating 15 hours per day, the

average Saturday hourly traffic generated is 40 trips per hour,

with 20 vehicles entering and 20 exiting. The Saturday peak hour

will generate 64 vehicle trips, with 37 entering and 27 exiting.

exiting. The weekday afternoon peak hour of the facility will

generate 14 vehicle trips, with 8 entering and 6 exiting.
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In December 1991, a traffic study was prepared by Wilbur

smith Associates for the Department of Public Works. -The report,

Guam 2010 Highway Master Plan - Tumon Bay Traffic Study, includes

as assessment of existing conditions, forecasted future

development, future year capacity analysis, improvement options,

preferred strategy and recommendations. The access road for the

Enterocean development is the tail end of Gogna Road. Roadway

Adequacy, as defined in the 1991 report, urefers to the ability

of the roads, intersections, and traffic control devices to

process traffic demand". This concept is measured through

conducting capacity analysis at major intersections. The 1991

report includes intersection capacity analysis techniques as

outlined in the 1985 Highway Capacity Manual to analyze the

adequacy of the signalized intersections within the study area.

These procedures provide a quantified level of service (LOS)

The access road for this project will be developed and

constructed within an existing roadway easement to the north and

along unimproved portions of Gogna Road. The project access road

will connect to San Vitores and come to a "deaden" at the

Enterocean facility. Existing public access to Gun Beach will be

maintained. Since this development is at the ,northernmost end of

San Vitores, there is little existing traffic which will be

impacted. The traffic impact of this development will be the

total traffic discussed in the Trip Generation section, above,

until future projects are constructed in the Gun Beach area.
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Total parking required for the EnterOcean facility is 182

spaces. CUrrent design provides a total of 210 standard, 8 \

feet x 19 feet, parking spaces. An additional 8 disabled parking

spaces, 3'bus parking spaces, and 4 loading/unloading areas will

also be provided. Detailed parking calculations are at Appendix

Parking Calculations5.7.3

Since the peak hour (of adjacent street) volumes

generated by this development are 1 vehicle trip in the morning

peak hour and 14 vehicles trips in the afternoon peak hour, there

should be no significant impact on the level of service at this

intersection. The volume/capacity ratios at this intersection

are 0.68 for the AM peak hour and 0.93 for the PM peak hour,

indicating that there is an additional capacity available at this

intersection.

The results of the intersection capacity analysis

conducted at the San Vitores/Gogna Road intersection is level of

service rating of "B" during the AM peak hours and an "E" during

the PM peak hours.

which describes traffic conditions by intersection delay. These

conditions are defined by the letters IIAIIthrough "F", with "A"

being excellent (no delays) traffic conditions, and "F" equating

to congested, unstable traffic flow with excessive driver delay.
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The many positive impacts this project will have on

Guam i~clude a wide range of issues. These include

financial gain and an increase in visitor

attractions, educational and research promotion,

local employment and worldwide exposure.

A. positive

Impacts Compared to Measurement criteria5.8.1

A cumulative impact is the impact on the environment

which results from the incremental impact of the action when

added to other pair, present, and reasonably foreseeable future

actions (CEQ Regulations 1508.7). Cumulative impacts can result

from individually minor but collectively significant actions

taking place over time. This section evaluates impacts that will

during operation of the facility. These impacts are discussed in

the following sections.

5.8 CUMULATIVE IMPACTS

In addition to the private parking spaces provided, the

facility will operate a shuttle service utilizing six, 25

passenger, jitneys. Five jitneys will make pick ups at all large

hotels in the Tumon Bay area, the sixth jitney will service the

Tamuning hotels.
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With the completion and operation of the project,

there will be an increase in employment, income

generation, real estate taxes, and tax revenue. The

recruitment of local employment will allow for new

mobility within the island's employment

infrastructure. An unique facility will characterize

Tuman Bay and will provide the visitors of Guam with

Potential synergistic effects of water pollution from

discharges can inhibit coral recolonization on

excavated surface based on studies in Pala Lagoon,

Samoa (Helfrich, 1975) and Kaneohe Bay, O'ahu

(Maragos, 1972, Maragos et al., 1985). In the

Kaneohe Bay example, recolonization was accelerated

after removal of'sewage outfalls in a nearby lagoon.

However, no cumulative effects of the proposed

discharge on water quality are anticipated at or near

the discharge point, because water quality of the

discharge is expected roughly equal source water

quality. Properties of the discharge will always be

dependant upon the quality of the water brought in to

the system. The opportunities for offshore mixing

and dispersion are ample at Gun Beach, and no

substances added to the discharge by operation of the

facility would accumulate around the discharge point.
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Imported labor can have a number of negative

cumulative impacts including additional burden on

As with the construction of the facility, the

completed project will have cumulative effects that

may have a negative impact on the environment. These

projected negative impacts are listed as below.

B. Negative

It is projected that the EnterOcean facility will

produce a successful breeding stock of fish and other

marine life. The EnterOcean intends to initiate a

cooperative research program with the University of

Guam which will provide students and researchers with

the access to the marine wildlife at the EnterOcean

facility. This facility will provide many

opportunities for applied marine research into

aquarium systems.

an adventurous and educational experience not

received elsewhere in the world. The facility will

expose many individuals, especially schoolchildren,

to aspects of marine biology and influence their

perspective of wildlife through a safe and respectful

experience.
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Landscaping of the facility must be consistent with

the existing environment, and able to produce and

sustain healthy vegetation without being heavily

effects that may result in the inattentive efforts to

restrict erosion would include land subsidence, soil

and vegetation degradation, destruction to coastal

and marine waters, erosion to marginal reef, and

depreciation of marine wildlife. The negative

cumulative impacts should be curtailed through the

use of proper mitigation measures

The cumulativepracticed through development.

Long term erosion could become a concern if the

proper Erosion Mitigation Plan is not initiated and

An increase in tourist activity may have negative

impacts on the environment if they are not avoided or

mitigated. These may include enhanced access to the

Gun Beach area and use of the reef. Other tourist

activates that produce careless waste may lead to

additional pollution along the beach and ocean, and

eventual degradation of the water quality within

Tumon Bay

social services, infrastructure systems, and housing

demand.
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Avoidable impacts are those that can be averted by

correct planning and the proper mitigation measures.

This would include avoidance of excessive erosion and

run off from easements and cliff areas, and the

implementation and maintenance of air and water

quality standards.

A. Avoidable

Avoidable and Unavoidable Impacts

Impacts associated with the changes in land use and

structures may have negative impacts on the

environment. These include increased exposure to

visitors, loss of habitat, increased run off and

erosion, and a change in ecosystem structure.

Impacts associated with land use changes -may also

lead to an increase in the public health risk, for

example ciguatera in reef wildlife.

dependant on fertilizers and pesticides. RUn off of

landscaping chemicals could have a foray of

cumulative effects on the environment. These include

exposure to toxicity that may lead to species and

habitat loss and a decrease in water quality in Tumon

Bay.

5.8.2
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Suspended solids and turbidity are the only water quality

parameters that will not be directly assimilated by the receiving

waters. Filtration of the effluent waters prior to discharge

could effectively remove much of the suspended solids, but would

not effectively reduce turbidity and, therefore, is not a

feasible alternative. Effective mixing and dispersion upon

discharge is probably the most suitable means of neutralizing

measurable differences between effluent and the receiving water

body. It'should be emphasized that, based on measured water

quality at Gun Beach, all projected effluent discharges from the

Marine and Biological Maintenance5.9.1

MITIGATION MEASURES5.9

Harvesting of marine wildlife for the facility. All

harvesting or purchasing will be done in accordance

with Fish and Wildlife rules and guidance. No marine

mammals will be stocked.

B. Unavoidable

Avoidable impacts also include the waste of marine

wildlife and the maintenance of sustainable stock

through a healthy and well supervised aquarium

environment.
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B. The Reef Margin: Rugged, simulated rock and coral

providing habitat space to colorful but common reef

fishes such as butterflyfishes (Chaetodon spp.),

triggertishes (hurnuhumu;Balistidae), surgeonfishes

(Aeanthurus spp. such as manini), and tang (Zebrasoma

A. Shore to Reef: A sand bottom, populated by bottom

feeders such as rudderfish (nenue or Kyphosus

einereseens) mullet (Mugil sp.), milkfish (Chanos

ehanos), and perhaps goatfishes (Mullidae). These are

mostly schooling species that feed on inhabitants in the

sand bottom.

The proposed EnterOcean project w~ll consist of several

different marine environments each populated with marine animals

typical of the habitats provided. Fish will be free to

distribute themselves freely, with the exception animals kept in

the predator tank, which is confined and separated from human

participants. Overall, the minimum water volume per animal is

anticipated to be on the order of 100 gallons, putting the

maximum capacity of the attraction at approximately 20,000

individual fish and larger invertebrates. The following habitat

areas and species are planned.

EnterOcean facility are expected to meet Guam Water Quality

standards for M-2 waters in the pipeline.
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The water system has been designed to exchange all of the

water in the facility once every three hours. This water comes

specific species selections will be based on both

availability and the ability of the animals to thrive in

controlled environments. water system will be operated by

experienced personnel with backgrounds in aquarium systems.

Animals will be maintained on special diets with measured amounts

of food distributed to ensure good health and to prevent the

release of excessive food particles which, if uneaten, could end

up as detritus eit~er in the facility or in the discharge.

c. Beyond the Reef: Deeper channel areas when pelagic

fish such as ulua and papio (Caranx SP.), kahala

(Seriola sp.), Hawaiian salmon, and mahimahi (Coryphaena

hippurus) will swim by the diver groups. Safely

contained behind thick acrylic glass panels in the

Predator Tank will swim larger animals such as blacktip

reef sharks (Carcharhinus melanopterus), manta rays

(Manta sp.), and hammerhead sharks (Sphyrna sp.). The

tank will be specially designed for these constantly

swimming animals.

flavescens), that feed mostly upon algal growth, with

lesser numbers of species which feed on small

invertebrates.
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A variety of sources will supply marine animals for the

facility. Because the sea water system is an open one, only

species naturalized in Guam marine environments will be used.

The Marine Laboratory at the University of Guam will be

contracted to grow and supply invertebrates such as corals and

fishes form ongoing aquaculture research programs. Other animals

will be obtained either from permitted collectors around the

island, or will be collected by the permitted collection staff

employed by the facility itself. Care will be taken to ensure

that natural reef systems are not damaged or depleted in the

process. Emphasis will always be on utilizing species that can

be readily maintained in the facility. only those animals kept

in the predator tank will be "unusual". Rare or unusual species

prone to do poorly in captivity will not be used in the facility.

The success of the venture and enjoyment of the participants is

directly from the ocean and will carry in it many small organisms

such as plankton and propagules of algae, crabs, corals,

anemones, molluses, worms, etc. that will develop populations

within the underwater trails. These organisms will contribute to

the ecology of the system and to the maintenance of some of the

captured animals. Animals that settle out on internal, submerged

surfaces will be "selected" naturally from the plankton as

species that are adapted to living under the conditions developed

within the waterways (which will generally be "calmer" than ocean

reef environments subjected to constant wave action).
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not dependent upon presenting a changing array of animals, but on

displaying an abundance of healthy animals typical of Guam's

coral reefs.
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Data collection was carried out by a two man field team. The field

survey included three traverses of the cliffs, two transects from Gun Beach

to the eastern boundry and two traverses of the strand area. Four vegetation

types were found and are described.

LITERATURE REVIEW

The study site is located on the northern plateau of the island of Guam

and slopes east to west (USN 1986) with some minor local surface

irregularities. The soil of this sloping limestone hillside area is very

shallow and well drained. It is made up of two soil types, Guam cobbley

clay loam with rounded rock fragments and frequent limestone outcrops, and

Ritidian-Rock Complex (USDA 1988). Ritidian-Rock Outcrop Complex of this

type is considered to be quarriable.

There is no specific literature on the vegetation of the northern plateau

of Guam. Both Stone (Stone 1970-71) and Fosberg (Fosberg 1960) have

presented general discussions of past botanical collections made in the

archipelago and of those who made them. In addition, Fosberg has offered the

following explanation for the present condition of the forests of Guam's

limestone plateaus:

INTRODUCTION

The Gun Beach Hotel Site is located north of Gun Beach Road and extends

from Gun Beach to the Okura Hotel Tennis Court and north to the brow of the

cliff.

A botanical survey was undertaken in July, 1991 to collect technical

data, to describe and map the existing vegetation types, to compile an

inventory of the flora, and to search for plants which have been proposed or

listed as rare, threatened or endangered (USFWS 1990, GEPA 1987).

METHODS
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area is lacking.

literature based on floristic, ecological or biogeographical studies in the

(Gresset 1963, Fosberg, Sachet & Oliver 1979, 1982, 1987). However,

some very general remarks about the limestone forests of northern Guam

publications have referred to the flora of the island and most have included

published by students of the University of Guam (Raulerson 1981). Other

detailed studies on some of the vegetation types have been carried out and

(1967) recognized many of the forest types of Guam. In recent years, some

Later, in his classification of vegetation for general purposes, Fosberg

Because of the presence, virtually everywhere, of species that generally
occur in secondary vegetation and even of introduced plants, such as
Triphasia, Cestrum and Carica, and because of the uneven, brushy
nature of almost all of the remaining forests, it seems best to regard the
present~day forests on the plateaus and terraces as modified. In a few
places the disturbance may not have been great enough to change the structure
and composition entirely, but as a whole what is presently growing on these
areas is considered to be modified forest. Probably much of it is not truly
secondary, if this term is taken to mean forest that follows clearing."

Beginning with the Japanese invasion in 1941, the rate of change in most
of the vegetation types on Guam was enormously accelerated. Battles were
fought in the forests with highly destructive modern weapons. Enormous areas
were cleared and scraped by bulldozers and changed permanent1y .....

liltis difficult to be certain of the character of the original
vegetation, even of the hard limestone areas. Guam has been inhabited by man
for possibly several thousand years, but of this period virtually nothing is
known except for the last 430 years. For most of the latter period, until
1941, the total population has not been large, but at the time of Magellan's
visit in 1521 there must have been tens of thousands of aborigines. The
influence of these people on the vegetation is hard to estimate but could not
have been negligible. Since Magellan's time, although the population has
been smaller, the people have been much better equipped to destroy the
forests. Also, since that time they have been ably assisted by the cattle,
goats, deer, and other four·footed animals brought by the European
conq~erors. The actual changes effected by these influences up through 1941
cannot be well traced, but undoubtedly the local diversity of the forest
types growing on an essentially uniform substratum and in the absence of much
climatic variation is one result.
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VEGETATION TYPES

Four vegetation types were found on the site (Figure 1), From the

eastern boundry along the brow of the cliff on the northern boundry to just

past the westernmost building, the forest has been trimmed for about 20 m

down the cliff. This has apparently been done to provide a scenic view of

the Tumon Bay area. Today, the vegetation of this trimmed swath is Mexican

Creeper/Tangantan&an (AnCigonon lepcopus H&A/Leucaena leucocephala

(Lam.) deWit) (Figure 1). Except for some fairly abundant Guam daisy

(Bidens alba Fosb.) along the upper edge, there is very little else

(Figure 2).

From the down hill edge of the Mexican creeper/tangantangan community and

westward from its western edge to the Bijia Point, the cliff vegetation is

Modifided Limestone Forest (Figure 1). The vegetation is deemed to be

modified because

the area is so small that many of the really big trees associated with

limestone forest are absent and a fair number of introduced species are also

found in the community (Figure 3). However, there are some fairly large

Neisosperma oppsicifolia (Lam.) Fosb. & Sachet, Ficus spp., Pahong

(Pandanus dubuis Sprengel), Pandanus tectorius Park, Sprengel, and

Ahogao trees, many of which support epiphytic fern communities. The

understory includes Cycas circinalis L., Pai-pai (Guamia mariannae

(Safford) Merr.), Ixora triantha Volkens, and Eugenia spp., and some

very big fern colonies. The ground layer is mostly seedlings and a tangle of

Bejuco halum-teno vines (Flagellaria indica L.).

West of the Mexican creeper/Tangantangan Community the cliff becomes a

precipice (Figure 4) and although there are some large trees growing out of
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the rock, the most common vegetation is ferns. The base of this cliff is

often huge, karst boulders.

From the eastern boundry to base of the cliff leading to Bijia Point the

plant community is Abandoned Coconut Grove (Figure 1). The Niyog or coconut

trees (Cocos nucifera L.). trees range in size from seedlings to mature,

nut producing trees 12 to 15 m in height (Figure 5). Most of the mature

trees are festooned with epiphytic fern colonies. There are understory trees

such as pahong, Dokdok (Artocarpus incisus (Thunb.) L. f. Suppl., A.

mariannensis Trecul.), African tulip (Spathodea campanulata P. de

Beauvois), Pago (Hibiscus tiliaceus L.), Bullock's heart and sugar apple

(Annona reticulata L. and A. squamosa L.) trees. The ground layer is

Mile-a-minute vine (Hikania scandens (L.) Willd.), Eupatorium

odoratum L., mixed ferns, an occasional ground orchid (Nervilia

aragoana Gaud.>, and many coconut seedlings.

At about the 100 m level a broad canyon crosses the property. The

substrate is karst and the edges of the canyon or ditch are composed of very

large limestone boulders. In this area the coconut trees drop out, but are

again found below the rough karst and continue to the strand.

From the point where Gun Beach Road crosses the study site, the

persisting coconut plantation is very disturbed and the .vegetationconsists

of introduced grasses such as elephant grass (Pennlsetum purpureum

Schum.), wild sugar (Saccharum spontaneum L.), mission grass

(Pennisetum polystachyum Schultes, and coconut trees.

A small colony of Strand Vegetation is to be found from the high tide

line to about 15 m inland (Figure 1). Because the area is a very popular
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Figure 3. Modified Limestone Forest.

Figure 2. Mexican Creeper/Tangantangan.
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Figure 5. Vegetation of the Abandoned Coconut Groove is Very Lush.

Figure 4. Ferns Inhabit the Steep Limestone Cliffs.
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Figure 6. Vegetation of the Strand is Damaged by Cars and Beach Goers.

taccada (Gaertn.) Roxb.)., none of which become very large.

(Roxb.) Bentham), Nonak (Hernandia sonora L.), and Nanaso (Scaevola

(Pandanus tintorius Park), young Kamachile (Pithecellobium dulce

heliotrope or Hunig (Tournefortia argentea L.), some Kafu or Pandanus

beach wire grass (Eleusine indica L.). There is the occasional Beach

(L.) Pers.), Las-aga (Thuarea involuta (Frost.f.) R. Br. ex R.& S.) and

Roth.), mixed grasses such as gama or Bermuda grass (Cynodon dactylon

principally Alalag-tasi or beach-morning-glory (Ipomoea pes-caprae L.)

some plants do persist (Figure 6). The ground layer along the beach is

swimming beach, the Strand Vegetation is badly damaged by cars. However,



USDA. 1988. Soil Survey of Territory of Guam. University of Guam.

USN. 1986. Master Plan NAVCAMS WESTPAC. Guam, Mariana Islands.
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Common - a plant considered an important part of the vegetation

Locally abundant - plants found in large numbers over a limited

area. For example the plants found in grassy patches.

This species list is the result of an extensive survey of this site

during the summer hot season (July 1991) and it reflects the vegetative

composition of the flora during a single season. Minor changes in the

vegetation will occur due to introductions and losses and a slightly

different species list would result from a survey conducted during a

different growing season.

a plant that was found between five to ten times.Occasional

SPECIES LIST

The plant families in the following species list have been

alphabetically arranged within four groups, Ferns, Gymnosperms,

Monocotyledons, and Dicotyledons. The genera and species are arranged

alphabetically within families. The taxonomy and nomenclature follow that of

Fosberg, Sachet & Oliver (1979, 1982, 1987) and Stone (1970-71). For each

taxon the following information is provided:

1. An asterisk before the plant name indicates a plant introduced

to Guam since Magellan or by the aborigines.

2. The scientific name.

3. The Chamorro name and or the most widely used common name.

4. Abundance ratin,s are for this site only and they have the following

meanings:

Uncommon - a plant that was found less than five times.



Common

Locally abundant

Occasional
Occasional
Occasional
Occasional

Locally abundant

Locally abundant

Occasional
Locally abundant
Occasional
Occasional

Common
Common

Occasional
Locally abundant
Common
Locally abundant
Locally abundant
Common
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Bejuco halum-tanoFlagellaria indica L.

FLAGELLARIACEAE

Yam*Dioscorea esculenta (Lour.) Prain & Burkill

DIOSCOREACEAE - Yam Family

Cyperus ligularis L.
Cyperus polystachyos Rottb.
Fimbristylis cymosa R. Br.
Fimbristylis dichotoma (L.) Vahl

CYPERACEAE - Sedge Family

Papao apaca*Alocasia macrorrhiza (L.) D. Don

ARACEAE - Aroid Family

MONOCOTYLEDONES

ANGIOSPERMS

Cycas circinalis L.

GYMNOSPERMAE

Asplenium polyodon Frost.f.
Asplenium nidus L.
Belvesia spicaca (L.f.) Mirb. ex Copel.
Davallia solida (Forst. f.) SWartz Pugua-machena
Nephrolepis acutifolia (Desvaux) Christ
Nepbrolepis hirsutula (Forst.) Presl Sword fern
Polypodium punctatum (L.) Sw.
- Microsorium punctatum (L.) Copel.

Polypodium scolopendria Burm. f.
-Phymatodes scolopendria (Brum.) Ching

Pterls trlpartita Sw.
Pyrrosia adnascens (Swartz) Ching
Thelypteris dentata (Frosk.) E. St. John
Thelypteris opulenta (Kaulf.) Fosb.

POLYPODIACEAE

FERNS

ABUNDANCECOMMON NAME

LIST OF ALL PLANT SPECIES FOUND ON THE GUN BEACH HOTEL SITE

SCIENTIFIC NAME



Occasional
Occasional
Occasional

Common
Common

Common

Common
Common
Uncommon

Occasional
Locally abundant

Locally abundant
Occasional
Occasional
Common
Occasional
Common
Common
Locally abundant
Occasional
Common
Common
Occasional
Locally abundant
Locally abundant
Occasional
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Bullock's heart
Sugar apple
Pai-pai

Annona reticulata
Annona squamosa
Guamia msrlsnnae (Safford) Merrill

ANNONACEAE - Custard-apple Family

ANGIOSPERMS

DICOTYLEDONES

Pahong
Pahong

Niyog

Pandanus tectorius Park
Pandanus dubius Sprengel

PANDANACEAE - Pandanus Family

Cocos nuciEera L.

PALMAE - Palm Family

*Spathoglottis plicata Bl.
Tseniophyllum msriannense Schltr
Zeuxine Eritzii Schltr.

ORCHIDACEAE - Orchid Family

Cordyline terminalis (L.) Kunth Ti plant
Hymenocallis litoralis (Jacq.) Salisb. Lirio

Cotton grass

Mission grass
Elephant grass
Wild cane
Rat tail grass

Sandbur
Finger grass
Infuk
Grama
Crowfoot grass
Ragi
Lovegrass
Guinea grass

LILIACEAE - Lily Family

*Cenchrus echinatus L.
*Chloris inflata Link
*Chrysopogon aciculatus Retz.
*Cynodon dactylon (L.) Pers.
*Dsctyloctenium aegyptium (L.) Beauv.
*Eleusine indica (L.) Gaertn.
*Eragrostis tenella (L.) R. & S.
*Panicum maximum Jacq.
*Paspalum paniculatum L.
*Pennisetum polystachyum (L.) Schultes
*Pennisetum purpureum Schum.
*Saccharum spontaneum L.
*Sporobolus diander (Retz.) Beauv.
*Sporobolus Eertilis (Steud.) Clayton
*Trichachne Insularis (L.) Nees

ABUNDANCE

GRAMINEAE - Grass Family

COMMON NAMESCIENTIFIC NAME



Common

Occasional
Uncommon
Locally abundant
Occasional
Locally abundant

Uncommon
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Almagoso

Fofgu
Lagun-tasi
Beach morningglory
Fofgu
Alalay

Talisai

Saigon
Chaguan-Sta.Maria

Common
Mile-a-minute vine Common

Uncommon
Locally abundant
Occasional
Locally abundant

Common
Locally abundant

Occasional

Common

Common

Common

Uncommon
Occasional

Beggar's tick
Horse-weed

Luluhut

Papaya

Gago

Bergen

Homordica charantia L.

CUCURBITACEAE - Gourd Family

Ipomoea indica (Burm. f.) Merr.
Ipomoea littoralls Blume
Ipomoea pes-caprae L.
Ipomoea triloba L.
Operculina ventricosa (Bert.) Peter

CONVOLVULACEAE - Morningglory Family

Termlnalia catappa L.

COMBRETACEAE - Terminalia Family

*Bidens pilosa L.
- Bldens alba of Fosb.

Conyza canadensis (L.) Cronq.
Chromolaena odorata (L.) King & Rob.

- Eupatorium odoratum L.
Hikania scandens (L.) Willd.
*Pluchea odorata (L.) Casso
Synedrilla nodiflora (L.) Gaertn
Vernonia cinerea (L.) Less.
*Wedelia trl10bata (L.) Hitchc.

COMPOSITAE - Sunflower Family

Haytenus thompsonii (Merr.) Fosb.

CELASTRACEAE - Bittersweet Family

*Carica papaya L.

CARICACEAE - Papaya Family

Casuarina equisetlfolla L.
- Casuarina litorea L. (Fosberg)

CASUARINACEAE - Ironwood Family

Heliotropium indicum L.

BORAGINACEAE - Heliotrope Family

Alyxia torresiana Gaud. Nanago
Neisosperma oppositifolia (Lam.) Fosb. & Sachet

ABUNDANCE

APOCYNACEAE - Periwinkle Family

COMMON NAMESCIENTIFIC NAME



UncommonMapunyao

Pago Common
False marrow Common
Escobilla papagu Common
Escobilla dalili Common

Uncommon
Occasional
Common
Occasional
Uncommon
Uncommon
Common
Locally abundant
Locally abundant
Occasional

Locally abundant

Uncommon

Locally abundant

Locally abundant
Locally abundant
Common
Occasional
Locally abundant
Occasional
Uncommon
Common
Locally abundant

Sensitive plant
Kamachile

Pakao
Sea bean
Gayi
lfil
Tangan-tangan

Kolales Halomtano

Dodder

Hernandia

Aglaia marlannensls Merr.

MELIACEAE - Mahogany Family

Hibiscus tiliaceus L.
*Halvastrum coromandelianum Garcke
*Sida acuta Burm. f.
*Sida rhombifolia L.

MALVACEAE - Hibiscus family

*Abrus pecatorius L.
*Alysicarpus vaglnalis (L.) DC
*Caesalpinia major Dandy & Excell.
*Canavalia rosea (Sw.) DC
Entada pursaetha DC
Inseia bijuga (Colebr.) O. Ktze
*Leucaena leucocephala (Lam.) deWit
*Hedicago polymorpha Benth
*Hlmosa pudica L.
*Pithecellobium dulce (Roxb.) Bent.

LEGUMINOSAE - Pea Family

*Cassytha filiformis L.

LAURACEAE - Laural Family

*Hernandla sonora L.

HERNANDIACEAE - Hernandia Family

Scaevola serlcea Vahl
- Scaevola taccada (Gaernt.) Roxb. Nanaso

Golondrina
Chosgo
Mandicka, Tapioca
Alom
Iba
Maigo-lalo
Gaogao-uchan

Dwarf poinsettia

GOODENIACEAE

*Euphorbia cyathophora Murray
*Euphorbia hetrophylla L.
*Euphorbia hirta L.
Glochidion marianum Muell.-Arg.
*Hanihot esculenta Cranz.
Helanolepis multiglandulosa Reichb. f.
*Phylanthus acidus (L.) Skeels
*Phyllanthus amarus Schum. & Thon.
Phyllanthus marianus Muell.-Arg.

ABUNDANCE

EUPHORBIACEAE - Spurge Family

COMMON NAMESCIENTIFIC NAME



Occasional
Uncommon
Common
Uncommon
Locally abundant
Occasional

Occasional

Locally abundant

Locally abundant

Occasional
Occasional

Common

Common
Uncommon

Uncommon
Uncommon
Uncommon

Occasional

Occasional
Occasional
Occasional
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Stink vine
Ajgao

Ixora
Lada

Gasoso

Candena de Amor

Pupulo aniti

Love-in-a-mist

Aidia cochinchennensls Lour.
Ixora triantha Volkens
Morinda citrifolia L.
Morinda umbellata L.
*Paederia tomentosa ?
Psycho tria mariana Bartl. ex DC

RUBIACEAE - Coffee Family

Colibrina asiatica Brongniart

RHAMNACEAE - Cascara Family

*Antigonon leptopus H & A

POLYGONACEAE - Buckwheat Family

Piper guahamense Dc

PIPERACEAE - Pepper Family

*Passiflora foetida L.
*Passiflora suberosa L.

Banago

PASSIFLORACEAE - Passion Flower Family

Dafao
Umumu

Jasminum marianum DC.

OLEACEAE - Olive Family

Boerhavia repens L.
Pisonia grandis R. Br.

NYCTAGINACEAE - Four o'clock Family

Agatelang
Aabang
Guava

Otot

Dokdok
Nunu
Hoda

Eugenia palumbis Merr.
Eugenia reinwardtlana (Bl.) DC
Psldlum guaJava L.

MYRTACEAE - Myrtle Family

Discocalyx megacarpa Merr.

MYRSINACEAE - Myrsine Family

Artocarpus mariannensis Trecul
Ficus prolixa Forst. f.
Ficus tinctoria Forst. f.

ABUNDANCE

MORACEAE - Fig Family

COMMON NAMESCIENTIFIC NAME
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Callicarpa candlcans (Burm. f. ) Hochr. Qualitay Occasional
*Lantana camara L. Lantana Occasional
*Lippia nodiflora (L.) Rich. Lippia Locally abundant
Premna obtusifolla R. Br. Abgao Occasional
*Stachytarpheta dichotoma Vahl False verbena Common
*Stachytarpheta jamaicensis (L.) Vahl False verbena Common

Locally abundant
Occasional

Locally abundant

Occasional
Occasional

Common
Occasional
Occasional
Occasional

Locally abundant

Occasional

Occasional

Common

VERBENACEAE - Verbena Family

Artillary plant
Amajayab

*Pilea microphylla (L.) Liebmann
Pipturus argenteus (Forst. f.) Wedd.

URTICACAE - Nettle Family

*Centella asiatica (L.) Urban

UMBELLIFERAE - Carrot Family

Yoga
Panama berry

Elaeocarpus sphaericus K. Schum.
*Huntingia calabura L.

TILIACEAE - Linden Family

Doni sali
Tintan-china
Tomates chaka
Nightshade

*Capsicum frutescens L.
*Cestrum diurnum L.
*Physalis angulata L.
*Solanum nigrum (L.) Senu lato

SOLANACEAE - Nightshade Family

*Buchnera floridana Sm.

SCROPHYLLARIACEAE - Figwort Family

Pouteria obovata (R. Br.) Bahni

SAPOTACEAE - Sapote Family

Nger*Allophyllus timoriensis (DC.) Bl.

SAPINDACEAE - Soapberry Family

Triphasia trifolia (Burm. f.) P. Wils. Limon de china

RUTACEAE - Citrus Family

ABUNDANCECOMMON NAMESCIENTIFIC NAME
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Further work in the form of a phased Dab Recovery
Program (DRP) is recommended for the portion of Site 6(;'04-
0001 within the project area. as wen as Sites 66-04-0615. 66-
04-0616, 66-04-0617 and 66-04-0168. TIle DRP should
include the formulation of an Archaeological Mitigation Plan
(AMP), which would besubject to the approval of the GHPO.

Based on federal evaluation criteria, Sites 66-04-0615
and 66-04-0617 are assessed as significant solely for informa­
tion content. Further work, consisting of archaeological data
recovery, is recommended for these sites. Sites 66-04-0616
and 66-04-0618 are assessed as significant for information
content, and ln addition. are assessed as significant for
cultural value, due to the presence of human remains. Further
dab collection is recommended for these sites. with preset­
vation "as is" recommended for the features where human
remains were identified. In the event th."Itpreservation is not
an acceptable alternative. data recovery is recommended
with special treatment of human remains in accordance with
applicable Guam statutes and GHPO guidelines. Site 66-04-
0001 is also assessed as significant for information value. and
in addition, as an excellent example of :1 site type and for
cultural value (based on the presence of human burials). Site
66-04-000 1 is recommended for further dab collection, for
preservation with interpretive development, and for preserva­
tion "as is- for the burial components of the site. As for Sites
66-04-0016 and 66·04.0018, if preservation is not an accept­
able alternative at these features, data recovery is recom­
mended with special treatment of hunt an remains in accordance
with applicable Guam statutes and GHPO guidelines.

Site 66-04-0616 is an overhang (Feature A), and an associ­
ated surface scatter of prehistoric ceramics (Feature B).
Site 66-04-0617 is a cave located on the edge of a large
depression at the western edge of a raised limestone
terrace. On the steep slope at the NE edge of the project area
is Site 66-04-0618, consisting of a limestone boulder with
a cave on the western side (Feature A) and an overhang on
the southern side (Feature B).

jj

Four additional archaeological sites were encountered
outside site 66-04-0001. Site 66-04-0615 is a black, loamy
surface and subsurface midden deposit (Feature A). a
vertical coral rock (Feature B). and a surrounding subsurface
deposit containing small amounts of prehistoric ceramics.

It was noted during the survey that a portion of an
extensive. previously recorded archaeological site (GHPO
Site 66-04-000 1) extended into the project area. nus site, an
extensive subsurface cultural deposit, has been described by
numerous researchers and was designated MaGTa-l by
Reinrnan (1966). During the survey, five prehistoric surface
features and four historic features were identified within Site
66-~0001, including a Japanese gun emplacement and
pillbox (Features A and B). :10 artifact scatter (Feature C), a
push pile containing possible latte elements (Feature D), a
square alcove excavated out of the limestone cliff (Feature 1;).
two rock overhangs (Features F and H), a midden deposit
(Feature G) and a small concrete pad (Feature 1).

The field work for the Gun Beach Hotel Site project area
consisted of: (a) 100% coverage ground survey of the project
area; (b) the excavation of 22 systematically placed backhoe
trenches (BTs) and 45 systematically placed shovel tests
(STs); (c) the collection of time-sensitive artifacts; and (d) site
recordation (including preparation of scaled sketch maps and
section drawings, completion of standardized PHRl site and
stratigraphy forms. and photography).

At the request of Mr. Ron Young of Calvo Enterprises,
Paul H. Rosendahl, Ph.D., Inc. (PHRl) recently conducted
and archaeological inventory survey and testing in the ap-­
proximately 21.6 acre Gun Beach Hotel Site project area at
Thmon, Tamuning Municipality, Territory of Guam, The
basic objective of the survey was to provide information
appropriate to and sufficient for compliance with initial
development conditions recommended by the Guam Historic
Preservation Office (GHPO), and to comply with Executive
Orders 89-9 and 89-24 and Public Law No. 20-151.

1077-020492
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The surface surveyof the Gun BeachHotel Site project
area evidenced threegeologic zones, consisting of a strand.a
raised limestone terrace and a steep sloping area which
encircles the valleyon the north and east sides.The strand is
located in thewesternportion 0f theproject area, and extends
from the shore of GogngaCove eastwardapproximately 150
meters. The seawardportion of this area shows significant
signs of recent disturbance, evidenced by large mounds of
recent gravel fill and modem debris.

PROJECT AREA DESCRIPTION

4. Analyze background and field data and prepare
appropriate reports.

3. Conduct extensive subsurface testing for buried
cultural deposits and features (e.g., firepits, human
burials) by means of backhoe trenching and hand
excavations, as appropriate; and

2. Conduct 100%coveragehigh-intensitysurface sur­
vey of theentireprojectarea,with emphasisupon (a)
identification andcollectionof anyportablecultural
remains (i.e., artifacts, midden, or human bones)
and (b) identificationand evaluationof any subsur­
face cultural deposits that might be visible in any
existing exposures (e.g., erosional faces, drainage
channels);

1. Review available background archaeological and
historical literature relevant to the immediate
project area;

The followingspecific tasks were determined to consti­
tute an appropriate scope of work for the present project:

The specific objectivesof the present survey were four­
fold: (a) to identify (find and locate) all sites and site
complexes withintheproject area, (b) to evaluatethe general
significance of all identified archaeological remains, and (c)
to define the general scope of any subsequentdata collection
and mitigation work that might be necessary.

also include subsequentmirigarion-<iata recovery research
excavations, constructionmonitoring, interpretive planning
and development, and/or preservation of sites and features
with significant scientific research, interpretive, andlor cul­
tural values.

J

The basic purpose of an inventorysurvey is to identify­
to discover and locate on availablemaps-features of poten­
tial archaeological significance present within the specified
project area.An inventory survey is an initial levelof archaeo­
logical investigation. It is extensive rather than intensive in
scope, and is conductedwith the primary aimof determining
the presence or absence of archaeologicalresourceswithin a
specified projectarea.A surveyof this type indicatesboth the
general nature and the variety of archaeological remains
present, and the distribution and density of such remains. It
permits a general significance assessmentof the archaeologi­
cal resources, and facilitates formulationof realistic recom­
mendations and estimates for any furtherwork that mightbe
necessary or appropriate. Such work could include intensive
sllrv~funher data collection involvingdetailed recording
of sites and features, and selected test excavations. It might

SCOPE OF WORK

This report constitutes the final report for the present
project. It includesproject objectives,a scope of work, field
methods, and fimdings; and it presents general significance
assessments and recommended general treatments for cul­
tural remains in the project area.

Field workwas conducted in January 1992and involved
approximately fifteen labor-days.The field work was con­
ducted by SupervisoryFieldArchaeologistJackDaveHenry,
B.S., and Field Archaeologists Mark Donham, M.A.,
Humphrey Calicher,B.A., andWilliamJurgelski,B.A.Map­
ping and survey work was conducted by R. Scott Lee, B.A.,
and Jeff Johnston, B.A. Guam ProjectsDirectorRoderick S.
Brown,M.A., and SeniorArchaeologistAlan E. Haun,Ph.D.
provided overall guidance for the project.

At the request of Mr. RonYoungof Calvo Enterprises,
Paul H. Rosendahl, Ph.D., Inc. (PHRl) recently conducted
an archaeological inventory survey and testing of the c.
21.6 acre Gun Beach Hotel Site project area at Tumon,
Tarnuning Municipality, Territory of Guam (Figures 1,2,
and 3). The basic objective of the survey was to provide
information appropriate to and sufficient for compliance
with initial development conditions recommended by the
Guam Historic Preservation Office (GHPO), and tocomply
with Executive Orders 89-9 and 89-24 and Public LawNo.
20-151.

BACKGROUND
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The steep slope that borders theproject area on thenorth
and northeast extends from the valley floor to the top of the
cliff.The slope encompasses approximately37,565 m'. Site
66-04-0618 is located approximately three-quarters of the
way up this slope, in the northeastern portion of the project
area. Vegetation on the slope includes leafll,Jadang, limon­
china, and bejuco halum-tano,The soil on the slope consists
primarily of yellowish brown, silty loam with limestone
gravel inclusions.

the base of the steep slope. The terrace is relatively flat and
comprises an area of approximately46,376 m:. Sites 66-04-
0615, -0616 and -0617-arelocatedon this terrace.Vegetation
in this area includes niyog.fadang (C:vcascirctnalisi.limon­
china, nunu (Ficus proli:ca),and bejuco halum-tano. Soils
consist primarily of red clays.

A raised limestone terrace is located in the eastern
portion of the project area, extending from an exposed
limestone escarpment in the centerof theproject area,east to

The strand is relatively flat, ranging in elevation from
approximately three to five meters above sea level. Site 66-
04-0001 encompasses most of this beach, which bas an
approximate area of 25,134 m', Vegetation in this area
consists of niyog (Cocos nucifera), a/ahai tasi (Ipomoea
pes-caprae), limon-china (Triphasia Irifolia), puting
(Bo"inglonia asiatica), nonak iHemandianymphaeifolia),
kinahulo' atdao (Passiflorafoetida), atmagosa (Momoniica
charantia), piga tAlocasia macrorrhizai, kafu (Pandanus
fragrans), and bejuco halum-tano (Flagellaria indica) (Fig­
ure 4). Soils in this area range from dark loamy sand to
white, very fine sand.
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Figure 4. Site 66-04-0001, Strand Vegetation(Neg. 2501-15)
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One notable castaway is Chaco, a Chinese who was
blownoffcourse in his sampan in 1648(Corey 1971:35).He

The rust cleric to spendany lengthoftime onGuamwas
Antonio de los Angeles who worked for a year on Guam
(Hezel 1982:117)after leaving the vessel San Pablo in 1596
(Corey 1971:19). In 1601, a Franciscan priest, Fray Juan
Pobre, jumped ship in order to minister to the needs of 26
Spaniards.survivorsofthe 1600wreckof theSantaMargarita
(Driver 1983:204). Fray Juan and his compadres were re­
trieved a year later by the Jesus Maria, a vessel which spent
40 days in the Marianas recovering from damages sustained
during severe storms (Corey 1971:23).

TheEnglishwerealsoquick to make use of the availabil­
ity of fresh food and water on Guam and to exploit the
islanders' penchant for iron.Thomas Cavendish successfully
traded iron for food in 1588,but ended his visit with musket
nrc from the stern to ward off some Chamorro traders who
attempted to follow the ship out to sea (ibid., 17). By 1662
Guamwas no longer used as a provisioningbase by Dutchor
English vessels (ibid., 39).

The Spanishwerenot the soleusers ofGuamas aPacific
replenishing base. Dutch vessels often called on Guam,
usually en route to Manila to attack Spanish colonies. The
DutchAdmiral, OliverVanNoort reprovisioned his fleet in
Guam in 1600before attacking the Spanish inManila (ibid.
27). Joris Spilbergen,also in command of a fleet, stopped to
trade iron for fresh foodandwateronhiswayto the Moluccas
(ibid., 30). These restocking stops were not always brief; in
1625the DutchNassau Fleet of eleven ships and 1,260men
anchored inGuam for 17daysbefore continuing westwardto
blockade the Philippines (ibid.), In 1645, three Dutch ships
under the command of Martin Gerritzoon Vries wintered in
Umatac (ibid., 35).

Those that were shipwrecked in the Marianas showed
ingenuity and will in their desire to leave. For instance, 132
survivors of the 1568wreck of the San Pablo sailed on to the
Philippines inaboat theycrafted locally frombark (ibid. 10).
Similarly, when the Concepcion was wrecked ofTSaipan in
1638, the 28 survivorsmade their way to Guam and enlisted
local help to outfit themwith a boat inwhich they eventually
made their way to Manila (ibid., 33).

to spend any length of time in the islands (ibid.). He was
retrieved four years later by the Sp:mish navigator, Loaysa
(Corey 1971:5).

Despite the lack of formal or permanent settlement,
this period (1521-1668) is characterized by sporadic and
mostly unintentional residence on Guam by a variety of
shipwrecked survivors, ship deserters, and enthusiastic
friars. After deserting theTrinidad inMaug and finding his
way to Guam, Gonzalo deVigo became the first European

Miguel Legazpi was dispatched in 1565 to claim for
Spain, among other areas, the Ladrones (de la Corte
1875:2). During his visit to Guam a skirmish broke out
resulting in the death of a Spaniard, deaths of several
Chamorrcs, and the burning of numerous houses (Corey
1971:8). As they left Spain's newest possession, Legazpi
and his crew were showered with rocks thrown by the local
residents (Ballendorf 1974:39).

During the period 1521-1668the Spanish focus was on
the conquest of the Moluccas (for spices) and the Philip­
pines (for precious metals}--in terms of trade, it appeared
that the Marianas had nothing of value. Despite Spain's
reluctance to establish a permanent settlement in the
islands, Guam became the recipient of regular and increas­
ingly frequent visits from Spanish galleons plying the
Acapulco-Manila run.Hence the islands achieved strategic
value as a provisioning base that soon became essential to
the maintenance and protection of the Spanish galleon
trade route in the Pacific. Under orders of the Spanish
crown, all galleons sailing from Acapulco to Manila were
required to stop at Guam for provisions, water, and repairs.
Ships returning to Acapulco fromManila stopped onGuam
only if necessary (Corey 1971:1).

The Chamorros first encountered Europeans when
Magellan landed in the Marianas in 1521. Although it is'
popularly believedthathe landedatUmatac,debatehas arisen
as to whether hemight havelandedonanother island(Saipan,
Tinian, or Rota). A recent review of Jogs maintained by
members ofMagellan'sparty suggests thatMagellandid land
on Guam, and probably put in at Tuman Bay (Rogers and
Ballendorf 1989:207).During this fiU'Stvisit, a small boatwas
reputedly taken by the Cbamorros and in response a Spanish
reprisal party burned houses andcanoes, killed seven locals,
and changed the island's name fromIsla de Los VelasLatinos
("Island of theLateen Sails")to Isla de Los Ladrones ("Island
of the Thieves").

The Spanish Period

mSTORICAL OVERVIEW OF GUAM

I
BACKGROUND
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Crozet (1891:83) believes that the Chamorro women
were prevailed upon to take abortion-inducing beverages,
the alleged belief being that it was preferable not to have
children than to have them subjected to the yoke of Chris­
tianity. Sanchez (1987:48) suggests that pregnancy preven-

Large losses in warfare 3J'einconsistent with observa­
tionsofChamorro fighting style asnoted byGarcia ( 1937Part
vn:38)"...theyare quick to anger and easily calmed,laggards
in fighting and quick to flee."

By the turn of the century the Chamorro population had
plummeted. Thompson (1932:7) claims that the 23 yean of
episodicwarfarebadkilled most0fthemales.Hezel(1982:133)
suggests, however, that the total number killed in action
should be reckoned in terms of a fewhundred rather than tens
of thousands.The complete and intentional decimation of the
local population wouldhave been quite contrary to the goals
of both the Jesuits and theSpanish crown.The Jesuits wanted
a large population through which to spread the word, and
Spain required a labor base for the production of food and
goods with which to reprovision visiting ships.

10themidst of thisconflict. GovernorAntoniodeSaravia
(1681-1683) attempted to reverse the combativestance ofbis
predecessors and win over the Charnorros through more
humane methods. He appointed a Chamorro leader as his
lieutenant (Driver 1988:31) and sent Spanish tradesmen
around the island to teach various crafts. His approach bad
some positive impact, but his premature death in 1683(Hezel
1982:128-129) resulted in a return to the bloodier methods
which were preferred by the new governor,Damian Esplana
(Hezel 1989:37).

These factors all fed a rapidly deteriorating situation that
saw the deaths of severalof the priests and their layassistants.
Attempts to salvage 'the situation through a policy of
reduccion-the removal of people from the land into large,
centralizedsettlements, repletewith churchandpriest-s-only
deepened resentment and sparked violent retaliation.
Sanvitores began to change his pacifistic tactics in favor of
enforcing religious conversion through the garrison (Hezel
1982:122). Several of the Jesuits were killed, culminating in
themartyrdom ofSanvitores in 1672(HezeI1982: 124)when
hepersisted inthe baptism of a child against thewishes of the
parents. Violence and bloodshed continued in an episodic
fashion fueled by the arrival of Governor Jose Quiroga in
1680, with instructions to end the increasingly expensive
rebellions. InthisQuirogawas entirelysuccessfulandby 1695
behad crushed the lastpockets ofCbamorro resistance (Hezel
1982:(31).

A Chinese castaway, Chaco, sought to prevent further
conversions through claims that baptism killed babies as the
holy water used by the priests was poisonous (Sullivan
1957:36).The fact that some children diddie afterbaptismdid
nothing for Sanvitores' cause. The stories quickly gained
currency and hostilities escalated (HezeI1982:120-121).

The Jesuit insistence that all people were equal inGod's
eyeswas counter to anentrenched caste system thatwouldnot
permit the baptism of the lowercastes before those of higher
rank. Furthermore, many chiefs felt that ifCbristian doctrine
was asworthy asSanvitoresdescribed,then itwas toogoodfor
the lower castes (Garcia 1937, Part X(9).

Initially the Jesuitswere well receivedby theChamorros
but resentment flared quickly, ignitedby several factors.The
Jesuits insisted the Cbrunorro's abandon their culture and
belief system, which included complex caste and kinship
systems. For instance, Sanvitores' immediate alignmentwith
the chief Quipuha, was later revealed as a mistake since
Quipuha represented only one of several Chamorro groups
(Hezel 1982:120).

Accompanied by four fellowJesuits and a small garrison,
Sanvitores returned to Guam on July IS, 1668 (de la Corte
1875:3).This represented Spain's first attempt to colonize in
the Marianas (Driver 1988:22). Given the lack of lucrative
resources it has generally been maintained that Spanish
motivation in settling this Micronesian foothold was purely
pious. It has subsequently been suggested that the Jesuit
mission was a front for a permanent presence designed to
deter others from upsetting Spanish control of the profitable
galleon trade (ibid., 24).The Spanishwere not without hope
that something mightcome ofthis; the Jesuitswere instructed
to report on anyuseful produce orminerals that they encoun­
tered (Hezel 1982:117).

Jesuit FatherSaavitores' first contactwi th theChamcrros
occurred in 1662, en route to the Philippines. Thereafter he
was unstinting inhis efforts to returnas amissionaryto Guam.
Finding a backer for this expeditionwas difficult since there
was little hope of profitable trade developing in the islands.
However, QueenMaria Ana ofAustria, stricken by the plight
of pagan Chamorros, providedSanvitoreswith the necessary
support to establish a mission in Guam (Sullivan 1957:19).
Sanvitores promptly renamed the islands the Marianas in
honor of his benefactress (Hezel 1982:117). .

came ashore in Saipan and made his way to Guam where he
was to become aprominent figure in the Chamorro- mission­
ary conflict two decades later.
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Tobias was an exceptional governor in his genuine
concernforthewelfareof theChrunorros(Beardsley1964:165;
Sanchez 1987:50). Earlier in the century, the island bad a
succession of corrupt administrators who bilked the govern­
ment treasury, and engaged in profiteering on the galleon
trade to the detriment of both the local population and the
troops (de la Corte 1875:39;HezeI1989:41).

The Jesuit's input extended beyond the ecclesiastical;
they taught agriculture, masonry, and other construction
skills (Sanchez 1987:49). These early agricultural efforts
instigated by the Jesuits paid off. Crozet describes Guam as
a terrestrial paradise, noting the abundance of fruit (guavas,
bananas, citrons, lemons, oranges, mangoes, pineapples,
coconuts, and breadfruit), vegetables (cabbages, gourds,
com), goats, pigs, andpoultry (Crozet 1891:82). Crozet goes
on to mention GovernorTobias' agricultural innovations: he
introduced cultivation of rice, maize, indigo, cotton, cacao,
and sugar cane (ibid., 92). Tobias also sought to promote
industry inGuamwith the establishment of cotton miUs,salt
pans, and the importation of craftsmen to teach carpentry,
masonry, and silversmithing (Sanchez 1987:50).

De InCorte describes the eighteenthcentury, forthemost
part, as a period of'utter inertia since the missionaries hadno
one left to convert and the laymenbadnothing left toconquer.
The Spaniards had little to do but improve their houses and
churches (de la Corte 1875:39).Although the benefit to the
Chamorro population is arguable thiswas a period of public
works and development. whicb saw the improvement and
constructionof roads,churches,schools, andpublic buildings
(ibid.,40). Duringbis I772 stop inGuam,the Frenchc:xplorer,
Crozet (1891:81) observed that the streets were in straight
lines and good repair, the public buildings built of brick and
tile, and the church inAgana was highly decorated according
to Spanish custom. Obviously, the Spanish were becoming
well settled and comfortable.

Recognition of Guam's potential importance inprotect­
ing the galleon trade precipitated an eighteenth century
military buildup on the-island.The garrisonwas increased to
150soldiers, three companies offitfty eacb-two Spanishand
one Filipino (de la Corte 1875:32).The armed forces were
increased furtherwith the establishment byGovemorTobias
of the Guam Militia which consisted of 200 Chamorros
(Sanchez 1987:50). bl115S,GovemorHenriqueOlividey
Michelana oversaw the construction of Fort Santo Angel
(pineda 1990:79). By the close of the century. Governor
Manuel Muro was orchestrating the construction of Fort
San Rafael. Fort Santa Agueda, and Fort Santa cruz
(Sanchez 1987:51).

For the Spanish, the early eighteenth century was char­
acterized byadministrative concernoverthe cost ofmaintain­
ing an expensive, but non-productive colony. Governor
Francisco Medrano recommended that the few thousand
surviving Chamorros be transported to the Philippines and
relocated on Crown land there. This met with stauncb
opposition from the Jesuits, who would have lost their
mission. The plan was abandoned but the question of what
to do with the colony lingered (Hezel 1989:54). In 1709,
Governor ArqueUes proposed that the Spanish withdraw
their colonial administration from the islands, leaving a
custodial force of only 25 troops and an officer. This plan
was also rejected on the grounds that it would leave the
galleon route vulnerable and possibly cripple the Spanish
empire further west (Hezel 1989:54).

Population continued to decline, reaching a nadir of
1,654 in 1760. Intermarriage of Cbamorro women with
Spaniards and Filipinos revived the population count, but
signalled the end ora purelyCbamorro group genetically (de
la Corte 1875:39).

Guam arrived in the eighteenth century subdued, con­
verted to Christianity, at least superficially, and with a
population of 3,678. (Sullivan 1957:78). Sullivan suggests
that the Chamorros accepted Spanish rule as a preferable
alternative to ongoing warfare. However,by this stage they
must have been exhausted from conflict and disease; their
weariness and reduced numbers cannot have left them any
choice but to accept Spanish rule. De la Corte (1875:39)
observed" ...[theChamorros]weresubjugated rather by force
of circumstances than because their minds could grasp the
advantages to bederived fromacivilization which they could
not appreciate."

The idea that warfare was responsible for the shrinking
population did not havecurrency at the time. Quiroga blamed
the population reduction on disease (HezeI1982: 135)andde
13Corte (1875:38) notes that in 1700 "an awful epidemic
broke out among the natives, destroying almost the entire
population. "

The most plausible reason for the plummeting popula­
tion was the rampant outbreak of foreign diseases. There are
multiple references to devastatingepidemics in the islandsat
this time. For instance, a 1693 outbreak of measles and
smallpox (Sanchez 1987:45),il1688influenza epidemic, and
a 1700 smallpox epidemic (Le Gobien 1700:166).'

tion was probably practiced in order to spare children
wartime death and injuries.
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The administration '5 requirement of a larger labor force
provoked a series of importation experiments. Governors
Perez and de la Corte both attempted to bring in convict labor
from the Philippines. The scheme failed initially under Perez
with an abortive revolt among the convicts. but fared better
under de InCorte who implemented an incentive program to
keep the convicts on the island after they had worked out their
sentences (Beardsley 1964:182-184). Governor Moscoso's

The facilitation of these schemes was dependent on a
willing and skilled labor force and this was not available on
Guam for various reasons. Around the mid-nineteenth cen­
tury, the colony's population was devastated by a Wolveof
epidemics. An 1849epidemic claimed over 200 lives, mostly
youngwomen, and in 1855more than 200 children died from
an undiagnosed disease. Worse still was the 1856 smallpox
epidemic that resulted in3,463 deaths (Ibanez 1976: 1·7).This
nwnberwas more than half the 1824populationof5,920 (Carano
and Sanchez 1964). Disease outbreaks persisted throughout
the remainder of the century: measles in 1861, whooping
cough in 1883,measles again in 1888,and influenza in 1890
(Ibanez 1976:12,56-65). Nevertheless, the populationreacbed
7,983 in an 1880 census (Sanchez 1981:65).

De 1aCorte (1875:46) lamented the lack of an island cash
economy with attendant stores and skilled tradesmen. He
noted that each Chamorro family STewonlywhat they needed,
and that the corrupt practices and trade monopolies of the
governors provided little incentive for the Cbamorros tomove
beyond their traditional system of self sufficiency and barter.
Variousunsuccessful economic and agricultural experiments
designed to generate island income, were implemented.
Governor Francisco de Villalobos pushed for exportation of
dyewood, indigo, cotton, tortoise-shell, mother-of-pearl, ar­
rowroot, and beches-de-mer, He also tried to manufacture
wine and brandy from locally grown sugar cane (Sanchez
1987:61). He had the Atatantano Valley and a large swamp
east of Agana opened up for rice cultivation (Carano and
Sanchez 1964:149). Governor Felipe de la Corte tried to
inspire local farmers to produce extra crops for cash by
constructing granaries. but to little avail.

The indifference of government officials noted by de la
Corte (ibid.) was partly due to the fact that they were already
making large profits through the monopolization of all goods
arriving on the island.These goods were sold in the only store
on island-which was government owned(delValle 1980:11).
11Us persistent administrative abuse was exemplified by
Governors Jose deMedinilla yPineda(~anchez 1987:60) and
Pablo Perez (Ibanez 1976:3).

This tum of events set the theme for the remainder of the
Spanish occupation ofGuam.ln the face of diminishing funds
from the Crown, the colony experienced economic difficul­
ties. Although galleon visits had ceased, Guam continued to
be visited by Russian, British. French.,and American vessels
(Sanchez 1987:56). In 1832, English and American wbaling
ships began visiting Guam (Dugan 1956:10).The amount of
time and money spent by the whalers in Guam peaked around
1840. De la Corte (1875:44) was critical of the island's failure
to take advantage of the economic opportunity. He blamed
this on the lassitude of government officials and a perceived
Chamorro refusal to look to the future.

The early colonial period in the Mariana Islands came
to an end in I815 with cessation 0f the galleon trade
between Acapulco and Manila (Ibanez 1976:xi). Adminis­
trative changes were also made at this time; the money
provided by the Spanish Crown for the upkeep of the colony
was now to come from the Philippines rather than Spain.
S ince Manila did not have the resources of Spain there was
an immediate reduction of'financial support for Guam (del
Valle 1980:15).

American influence in the Marianas began in the begin­
ning of the nineteenth century. The rust American ship to
arrive inGuam, the Lydia called in 1802,and was followedby
the Maria in 1804 (Corey 1971:77). Relations with America
became less cordial after an 1810 American attempt to
establish colonies on Tinian and Saipan. Governor Parreno
quashed the attempt in a brief, bloody encounter. A second
American settlement attempt was made in 1815. In 1811,
when it became clear that the United States needed a base in
the Marianas fromwhich to reprovision vessels, the governor
permitted them to stay provided they recognize Spanish
sovereignty (Sanchez 1987:57).

The eighteenth century closed on a devastating note with
the island ravaged by a typhoon, an epidemic, and much of
Agana destroyed by fire (ibid .• 51). The nineteenth century
began with massive rebuilding programs to recover from the
typhoon and fire. During this reconstruction the stone bridge
at Agana was built (ibid.).

The Jesuits were expelled from Guam in 1769 as part of
a worldwide attempt to check their power.The news of their
expulsion was brought to Guam on the schooner Nuestro
Senora de Guadalupe, which also brought Augustinian Rec­
ollects as missionary replacements (Sullivan 1957:84-85).
The Jesuits were fondly regarded and their removal. was a
blow to the population of Guam (Sanchez 1987:49).
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From March 1942 through March 1944, Guam was under
the administration of the Japanese Navy. Although the Gua-

The Japanese attacked Guam on December 8, 1941
(Sanchez 1979:5). The Japanese Army captured Agana and
established control of the island. On December 10, 1941,
Governor McMillin signed a surrender paper (Sanchez
1987:146-181). The Japanese sent captured non-Guama­
nian U.S. servicemen to POW camps in Japan. Guamanians
inU.S. military service were sent to a POW camp inAgana
(Sanchez 1979).

Japanese Occupation Period

During the fiJ.TSt American administration, Guam's con­
tact with the outside world increased. largely due to the advent
of commercial aviation in the Pacific. By 1940, substantial
improvements had been made in Guam's economic life,
health care, judicial, and education systems (Carano and
Sanchez 1964:264). In anticipation of Japanese aggression,
the U.S. ordered the evacuation of aU American military
dependents in October 1941.

Guam's first general election was held in 1931 but local
interest in politics declined rapidly, largely due to dissatisfac­
tion with government policies (Carano and Sanchez 1964:241).
Compensation for land annexed for military use and the issue
ofAmerican citizenship were matters of ongoing concern that
were never resolved to the satisfaction of the Guamanians
prior to WWII. The 1921 annexation of private land on Orote
Peninsula for a new air station precipitated the first protests
over federal failure to compensate landowners for annexed
land (Sanchez 1987:113). The question of American citizen­
ship for Guamanians was first raised in 1903 (ibid., 97).
Several governors supported the citizenship issue. but lacking
the support of the naval administration, it was not passed into
law during the first American administration.

The initial attempts to improve agriculture included the
outlawing of debt peonage (Apple 1980:5) and the implemen­
tation of a homesteading act designed to transfer untilled,
fertile land from its owners to farmers willing to put it into
production (Beardsley 1964:200). Governor Smith (1916-
1918) spearheaded a back-to-the-soil movement and set up
incentives for farming. Although these reforms bad uneven
results, Guam's agricultural output peaked during the Great
Depression (Sanchez 1987).

spread resentment (Carano and Sanchez 1964:190-195).
Leary's decision to expel the Augustinian Recollects was
particularly unpopular-as the majority of Guamanians were
Catholic (Sanchez 1987:91).

Leary instituted a battery of reforms, most ofwhich were
aimed at ameliorating the effects of long-term Spanish ne­
glect in agriculture, public health and sanitation, education,
finance and taxation. land management, and public works.
Many of the reforms were accepted, others garnered wide-

During the early American occupation a conflict arose
over who had the right to aetas Governor (Carano and Sanchez
1964: 177).After two abortive Chamorro attempts at self-rule,
the U.S. Navy appointed Richard P.Leary as Governor. Leary
took office in 1899 and issued the Leary Proclamation, a
formal declaration ofAmerican occupation and control of the
island (Sanchez 1987). .

First American Period

At the outbreak of the Spanish-American War, in April
1898, Guam was economically weak and militarily vulner­
able. News of the war arrived in Guam twomonths later along
with four American warships. The termination of Spanish
sovereignty in the Marianas was swift and bloodless. The
Americans disarmed the artillery, confiscated weapons,
raised the American flag and left, taking with them an
assortment of military officials and soldiers as prisoners of
war (Ibanez 1976:71).

Concurrent with the economic decline of tile island was'
the deterioration of the military fortifications. Villalobos,
during his term as governor in the 1830s, had been critically
aware of the island's vulnerability and recommended that
funds be appropriated to improve the situation (ibid., 150).
Nothing came ofhis request and 50 years later Governor Olive
yGarcia noted ..the condition ofFort Santa Cruz is deplorable,
especially since it is the only one in the Marianas readied for
service" (Olive 1984:85).

Despite the best intentions of several governors, the
administration failed to tumthe colony into an economically
viable (in Spanish terms) community. In the mid-1880s
Governor Olive y Garcia (Olive 1984:46) described agricul­
ture and industry as in a completely backward state. The
advantages offered by proximity to shipping lanes and a
favorable climate were offset by entrenched government
corruption and a population that was either unable or unwill­
ing to implement the various schemes. Production for profit
was not part of the Chamorro tradition, and although the
Spanish recognized this they were unwilling to accept it
(Carano and Sanchez 1964:155).

plan to use Japanese laborers failed when some of the workers
died of overwork, and others, unable to acclimate to the
tropics, fell ill (ibid. 187).
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Immediately after the-war, Douglas Osborne (1947)
published the results of his efforts to reconstruct lotte sets in
Gognga Cove and the results of his cursory examinations of
other portions of the island. Osborne's work was primarily

Under the aegis ofB.P. Bishop Museum in Honolulu,
Hans G. Hornbostel conducted the first serious archaeo­
logical investigations in the Mariana Islands. Hornbostel's
work remains largely unpublished, but in 1932 Laura
Thompson published an analysis of some of Hornbostel's
records and collections (Tbompson 1932). Prior to the end
ofWWII, Hornbostel's work,Thompson's 1932report, and
a work on lotte sets by Thompson (1940) constituted the
entire body of formal archaeological literature concerning
the prehistory of Guam.

PREVIOUS ARCHAEOLOGICAL
WORK - GENERAL

Evidence of a Japanese military occupation at the
northern end of the Gognga Cove area was documented by
Graves and Moore (1985) and Kurashina et al. (1987), and
confirmed during the current project. Features present
include a 200 mm coastal gun emplacement and pillbox, a
gun pit and a beehive pillbox.

Little information is available concerning early historic
landuse inTumon. In1668,the firstSpanishmissionaries led
by FatherDiego Luis de Sanvitores arrived andestablished a
church atHagatna (Agana), the principal village of the island
(CaranoandSanchez 1964)andwhich isabout twomiles from
Tomhom (Twnon). FatherSanvitoreswas killed inthe village
of Tomhom four years later. Tumon, because it was near
Agana,was probably frequented early on by the Spanish and
was perhaps occupied by them.

mSTORIC LAND USE
IN THE PROJECf VICINITY

In 1950, an Organic Act for Guam was passed by the
Congress of the United States. AJongwithAmerican citizen­
ship. Guamanians acquired a civilian administration and
limited self-government (ibid. 319). Governor's were ap­
pointed until the first election for governor and lieutenant
governor in 1970(Sanchez 1987:308).

incentives to return to the land, and the establishment of
dispensaries (Carano and Sanchez 1964:314). Two years
later, in1946, the U.S.Naval government was reestablished
on Guam (ibid. 316).
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The recovery program was massive and involved the
replacement of narrow bullcart roads (Hoyt 1980:272), the
provision of temporary schools, attempts to revive the
copra, soap, tile, and handcraft industries, the provision of

A military government was promptly installed on
Guam in July 1944.The government had enormous prob­
lems providing food, clothing, and shelter for a largely
refugee civilian population. Protest arose almost immedi­
ately as families were relocated to accommodate the
military's land requirements (ibid. 312). Federal land hold­
ings increased dramatically; by 194842% of Guam's total
land area was held by the government. The resultant
controversy over annexation and compensation has yet to
be resolved (Sanchez 1987:264-271).

The U.S. forcesbegan their invasionof GuamonJuly 21,
1944.Three weeks later they had secured the island and the
Japanese era on Guam came to a close. The U.S. capture of
Guam resulted in the combat deaths of 1,283Americans and
10,971 Japanese (Carano and Sanchez 1964:308).

Second American Period

As the American forces began air raids, more and more
Guamanians were drawn into work gangs, until nearly every­
onewas ordered into forced labor.Therewere forcedmarches
as the Guamanians were herded into concentration camps.
The only people excluded from these camps were the YOWlg
men used to carry supplies and build defenses.The locations
of the concentration camps placed the Guamanian people
outside the battle areas (Carano and Sanchez 1964).

As the war continued,Japanese hopes of retaining Guam
weakened. Inanticipation ofanAmerican liberation attempt,
the Japanese defense force arrived in Guam in March 1944.
Chamorro males were mobilized in defense preparations
(ibid. 116).The arrival of thousands of Japanese reinforce­
ments strained food production. The worst conditions were
experienced by the Chamorros immediately prior to the
American invasion (ibid. 122).

martianswere ar liberty to livewhere they chose on the island,
and move about at will, they were also subject to Japanese
acculturation attempts. Guam place names were replaced
with Japanese names, and Japanese was taught in theschools.
Possession of American items was strictly forbidden under
threat of death (ibid.•55). The cessation of commerce along
with the scarcity of imported food andwork forpayprompted
near desertion of the towns. Fanning and flshing increased
dramatically under the occupation and Guamanians became
self-sufficient (ibid. 85).
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Little isknown about the Pre-LattePhase population. and
there is no conclusive evidence concerning the origins of

During the Lane Phase, structures built on compound
stone foundation posts (laue) became common. Laue occur
insets ofparallel rowsoffour, five,six, andsevenpairs. These
sets are foundmost frequently incoastal zones, in association
with human burials, large and thickwide-rimmed sherds, and
midden inwhich the shellfiISbStrombus gibberulus gibbosus
predominates. '

A Transitional Phase between the Pre-Lane and Lane
Phases (c.AD I-AD 1000)has been postulated, but it has not
been well defined, During the proposed Transitional Phase,
the population increased and expanded seaward and inland.
There was an increased dependence on large pelagic fish
(Moore 1983), and ceramic vessels increased in size and
evolvedinto "a relatively homogeneous ceramic assemblage"
(Graves and Moore 1985).

Pre-Lane sites are characterized by deep and ephemeral
soil horizons that contain a higher percentage of bivalve
remains than is found at Latte Phase sites. They are also
characterized by thin and narrow-rimmed pottery, and by the
absence of latte and mortars (Butler 1988,Bath 1986). Latte
deposits are characterized by surfaceor near-surface organic­
rich soils containing abundant, thick-walled, wide-rimmed
pottery, and by relatively abundant gastropod remains. Mor­
tars and latte stones (sometimes fallen and sometimes erect)
are often found on the surfaces of these sites. Human burials
are usually found within and near laue sets. The association
of these burials with the presumed high status architecture
suggests that the burials are the remains of high status
individuals.

Inrecent years,Guam has undergone rapid development.
Asa result, there has been a substantial increase in archaeo­
logical information concerning the island. Archaeological
investigations in the coastal regions of Guam as a whole have
increased over the last fewyears, due to commercial develop­
ment related to the Japanese tourist trade. Hotel construction
and the construction or attendant support facilities (utilities,
nightclubs, golf courses, shops, and specialty establishments)
have resulted in a proliferation of survey and excavation
projects. The projects have been mandated by federal and

Several researchers have recently attempted to discover
patterning in the various features present in archaeological
deposits on Guam, with the aim of discerning the areal
relationships between the structural and functional entities
within prehistoric Chamorro settlements. Bath's 1986 exca­
vations at Matapang during the Saavitores Road Project and
Butler'S 1988workon the north coast oftbe island of Rota are
examples of preliminary attempts to define the basic struc­
tural units within prehistoric Chamorro settlements. Butwith
the exception of laue sets,not a single complete architectural
feature bas been exposed.

Until recently,most archaeological research since Spoebr
has focused on the geographic originsof theChamorropeople
and on enhancing descriptive Cbamorro culture history
(Takayama and Egami 1971). More recent research has
focused on (3) refining the methods by which temporal
variation in the archaeological record can be perceived and
quantified (Athens 1986), (b) the discernment of environ­
mental factors (Graves and Moore 1985), and (c) the expla­
nation of diachronic differences in the archaeological record
in terms of the evolution of Chamorro culture.

As a result of these studies, hypotheses concerning the
development of Chamorro culture are being formulated and
tested. The emerging picture is one of small Pre-Lane Phase

The temporal framework within which archaeological coastal populations adapted to collecting marine resources in
interpretations are made today was formulated byAlexander the coastal lagoons, and later, Latte Phase populations,
Spoehr (1957). Spoehr's work on Rota. Saipan, and Tinian . adapted to agriculture andmaking greater use of inland areas.
incorporatedtheradiocarbondatingmethodandenabledbim The earliest inhabitants made thin-walled pottery that was
to describe two archaeological manifestations of Chamorro tempered with calcareous sand. They also manufactured
prehistory-the Pre-Lane Phase (BC 1500toAD 800-1000), Fishingequipment, shell and stone tools,and shell ornaments.
and the Lane Phase (c. AD 1000-1200to European coloniza- In contrast to later inhabitants, they appear to have made
tion). These two phases are distinguished by differences in greater use of bivalves than gastropods. Graves and Moore
associated portable remains (particularly ceramics) and by (1985) indicate that in comparison with the upper levels, the
the inclusion, or lack of, monumental architectural features, lower levels of sites with a Pre-Latte component contain a
called laue sets, that are associated exclusively with more higher ratio of bivalves to gastropods.
recent archaeological sites.

territorial environmentalprotectionregulationsandarefunded
by the developers of the projects.
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descriptive, but he did attempt (unsuccessfully) to discern
differences between inland and coastal sites and among
ceramic materials and characteristics of/atte. Because hewas
aware that the data available to him was insuffic ient,Osborne
made no attempt to establish a prehistoric chronology.
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Excavations at the Continental Boutique Project Area
(Brown and HaUD (1989a), resulted in the collection of
prehistoric ceramics, marine shell, and human bone from a

Previous archaeological work by Kurashina et a1.
(1987) resulted in the identification of six "localities"
within Site 66-04-000 I. Four of these localities (A, B, AA
and BB), were noted during the present project, and
redesignated as features A, B, D and G respectively. The
remaining two localities, G (midden area), and H (borrow
area), have apparently been destroyed or buried by the
introduction of recent fin materials.

Bath's 1986 work on the Sanvitores Road Project in­
cluded extensive excavations at Matapang Park. The excava­
tions, which were aimed at exposing structural features,
uncovered 34 probable postmolds, eight pottery concentra­
tions, six firepits, three possible floors, and 13 burials. Six of
the postmolds are probable latte stone molds. Bath attempted
to reconstruct the footprints of several pole and thatch struc­
tures, but her excavations did not expose contiguous areas
large enough to make her reconstructions convincing.

Graves and Moore surveyed the present project area
during their 1985 survey of'Tumon Bay and the surrounding
areas. They found scattered Latte and Pre-LattePhase ceram­
ics, marine shell tools and artifacts. slingstones, a fire­
blackened surface, andfragmentary human remains at several
locations.

There have been several archaeological investigations
conducted in the vicinity of the present project area. These
include, but are Dot limited to, work by Hornbostel in the
1920s, Osborne (1947) and Reinman (1966). More con­
temporary examinations of the area were undertaken by
Graves and Moore (1985); Bath (1986); Kurashina et al.
(1987); Brown and Haun (1989a, b, c); Brown, Haun, Dilli
and Knutsson (1989); and Henry, Brown, and Haun (1991).
Hornbostel identified twelve laue groups at Gun Beach,
though the area was not recorded separately from the
Tumon Bay Site (Reed, 1952). Osborne (1947) located and
recorded between 12and 15 lotte sets in the area of'Gognga
Cove. Reinman documented ten lotte sets at the site during
his 1965-66 survey of Guam and designated the site as
MaGTa-l. The site was subsequently assigned GHPO Site
Number 66-04-0001.

PREVIOUS ARCHAEOLOGICAL
'VORl( - IMMEDIATE VICINITY

Laue sets have been most commonly interpreted as the
remains of the foundations of high status residences, or
infrequently, as purely ceremonial structural remnants. Ar­
chaeological investigations at Latte Phase sites have usually
focused on the exposure of the areas within and adjacent to the
lotte sets themselves (Osbome 1947,Remman 1966,TakaY:1Dla
and Intoh 1976) at the expense of the identification of
presumed nearby lower status residences and the portions of
the sites that were devoted toother activities. As a result, less
is known of the intra-site distribution within Latte Phase sites
than of their inter-site variability. Very little isknown concern­
ing intra-site variability of Pre-Lane sites. As Graves and
Moore (1985) have stated II...we know virtually nothing about
early prehistoric organization over a period. .. that spans at
least 2,000 years."

Lane Phase sites are much more conspicuous and more
likely to be discovered than Pre-Lane sites. They often include
the remains oflarge stone latte sets, which are noticeable even
in dense jungle. They were also occupied later in time. As a
result they are found in higher strata, so that they are more
likely to be exposed on the surface. Whether these character­
istics explain the preponderance of Lane Phase sites, or
whether they are actually more abundant, isopen to question.
For whatever reason, the fact remains that Pre-Lane sites
constitute but a small fraction of the recorded sites on Guam.

The distribution of recorded and otherwise known Lane
Phase habitation sites suggests that these sites occur more
frequently and contain more substantial deposits in the coastal
plains "in the land sea interface" (Kurashina 1986). Whether
these distributions reflect the actual distributions of Latte
Phase sites remains to be demonstrated, since there has never
been a representative survey of the island. Only a few inland
Lane Phase sites have been found. As Reinman has sug­
gested "[I]arge areas of the island remain unsurveyed and
there is little doubt that considerably more sites remain ..."
(Reinman 1971).

Guam's first inhabitants. Details of their societal organization
are not discernible from the limited data available. The
earliest recorded archeological site on Guam, at Ypao Beach,
in the Twnon Bay area, dates to 3000 BP (Territorial Archae­
ology Laboratory 1982). A questionable date of BC 4395-
3800 was derived from a sample taken by Bath during the
Sanvitores Road Project (Bath 1986). From Ypao Beach,
population probably expanded towards Gognga Beach and
shoreward. Inthe Latte Phase all the lowland area between the
reefs and the inland cliffs appears to have been occupied.
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Investigations conducted at the LSI PLaza Site Project
Area, evidence significant mechanical disturbance (Henry,
Brown, and Haun 1991). Mechanically excavated trenches
sbowed evidence of the mining of sand, and the subsequent
introduction of gravel fill.No intact archaeological depos­
its were noted.

the result of recent mechanical disturbance. The contents,
stratigraphy, and dates associated with the deposits suggest
theyresulted fromspatially andtemporally extensiveoccupa­
tion of the central Tumon area.

Atthe nearbyFujitaHotel ExpansionProject area(Brown
et al. 1989),TumonBay 20-Unit CondominiumProjectArea
(Brown and Haun 1989b), and Teraza Hotel Expansion
Project Area (Brown and Haun 1989c), intact portions of
stratified prehistoric deposits were documented. These de­
posits arenothorizontally contiguous-gaps inallof themare

disturbed context. Brown and Haun speculate that there may
have been a prehistoric deposit in the area, but indicate the
possibility that the prehistoric cultural materials found were
brought in as fill.
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Stratum IV may contain no cultural materials and may
not be underlain by strata containing cultural materials.

Stratum IV (pre-Cultural or Sterile)

Stratum III must either include prehistoric cultunll ma­
terials, or be underlain and overlain by a stratum or strata
containing prehistoric cultural materials. No primarily depos­
ited historic or recent materials may be present;

Stratum In (prehistoric, older than AD 1521)

Stratum II must include historic cultural materials.
Stratum 11may include secondarily deposited, recent and
prehistoric cultural materials but may not include, or be
underlain by, primarily deposited recent cultural materials
(Stratum I);

Stratum D (Historic, >50 years old)

Stratum Iis typically composed of recent imported fill
but may include historic and prehistoric cultural materials;
however, these materials must be present as the demonstrable
result of secondary deposition caused by recent earthmoving
activities;

Stratum I (Recent, <50 years old)

Strata were described in writing using standard proce­
dures and terminology as set forth in the Soil Survey
Manual (Soil Survey Staff 1962). Stratum, as used here, is
a soil unit classed by reference to the era within which the
soils were deposited. Strata often include substrata refer­
enced by lower case letters beginning (at the highest
elevation within a stratum) with "a". Strata are assigned
Roman numeral designations based on the criteria listed
below. Strata devoid of cultural materials ("sterile" strata)
but underlain by a stratum containing cultural materials are
assumed to have been deposited after the underlying stra­
tum. Such strata are classified as substrata of the next­
highest stratum.

No systematic excavations were conducted in the sloping
area in the north and northeastern portion of the project area.
All surface features that possessed the potential to yield
subsurface cultural deposits were examined.

16

TIle eastern portion of the project area is a raised
limestone terrace. In this area, 45 shovel tests were excavated
20 m apart to test for the presence/absence and general
distribution of buried cultural deposits. Portable remains
collected were bagged, accessioned and transported to PHRl
laboratories for analysis.

1111: BTs averaged 2.5 m in length. 1.4 m wide and
approximately 1.8 m deep. Scaled section drawings were
completed of representative sidewalls of all BTs which
exhibited intact cultural strata. Bulk soil samples were col­
lected from subsurface features. All samples and portable
remains were bagged, accessioned and transported to the
PHRl laboratory for analysis. Photographs were taken of all
BTs and cultural features. Strata were described in writing
using standard procedures and tenninology as set forth in the
Soil Survey Manual (Soil Survey Staff 1962).

Several geologic zones are present within the project
area. each requiring separate subsurface testing techniques.
The southwest portion of the project area is a coastal beach
strand measuring approximately 25,134 m2• A30-meter grid
system was superimposed over this area with the aid of a
Topeon GTS 3-B total station. Grid north-south was situated
parallel to Tumon Bay with Grid north oriented at magnetic
north. Twenty-two backhoe trenches (BTs) were excavated in
the coastal strand to test for the presence/absence and general
distribution of buried cultural deposits. Trenches were exca­
vated either to the emergence ofbuman remains, to limestone
bedrock, or to a known culturally sterile soil. The southwest
corner of each BT was positioned as close as possible to each
grid intersection.

Methods employed during field 'WOrk included surface
survey, shovel testing. backhoe trenching, and site recorda­
tion. The surface survey involved wallcing E-W transects
spaced at 10m intervals. The beginning and end of each
transect was flagged and labeled, as were all surface features
encountered. All surface features were photographed, shovel
tested, and recorded using standardize PHRI fonns. Scaled
plan and cross section maps were prepared when appropriate.
Wherever possible the approximate locations of identified
sites were plotted on available topographic maps with the aid
of a Topeon GTS-3B total station.

FIELD l\1ETHODS
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The excavation of 17 STs at Site 66-04-0615 revealed a
Site 66-04-0616 is an overhang (Feature A), and an subsurface deposit consisting ofa strong brownsilty clay and

The excavation of 2:! BTs and six STs in the beach
evidencessubsurfacemanifestationsofSite66-04-0001within
the project area, BT excavations illustrated a partially dis­
turbed, stratified prehistoric deposit encompassing approxi­
mately 24,838 m2 and extending to a depth of J.t m bs.
Portable remains recovered include prehistoric ceramics,
marine shell, thermally altered rock. lithic flakes and shell
and stone tools. Three DTs evidenced fire-related, basin
shaped pits CBTs-2, -7 and -9). A concentration of human
remainswas noted in the eastern portion of the strand,with in
situ burials present in five BTs (BTs -2, -3, -6, -16 and -20).
Disturbed human remains were noted in BTs 4, -7 and -12.
This burial concentration hasan approximate area of 4.993 m1
and is illustrated in Figure 3.

SUBSURFACE FINDINGS

On the Sleep slope at the NE edge of the project area is
Site 66-04-0618. This site consists of a large surface boulder
with a cave on the western side (FeatureA) and an overhang
on the southern side (Feature B). Human skeletal remains
were noted on the surface of both features.The approximate
area of the site is 20 m2 (Figure 10).

- t:> SiteNumber 66-04-0617 is a cave located on the edge of
a largedepression at thewestern edge of the raised limestone
terrace. The entrance to the cave is small (O.S m high by 0.5
m wide), and is located beneath a large banyan tree which
grows on the eastern edge of the depression. The interior of .
the cavemeasures approximately 6.0 m deep, 5.0m wide and
0.85 Inhigh. A sparse scatter of prehistoric ceramics. land
and marine shell. and nonhuman bone was noted within the
caveand on the surface in the surrounding vicinity (Figure 9).

associated surface scatter of'prehistoric ceramics (FeatureB),
located at the eastern end of the raised limestone terrace,The
overhang, which measures approximately 0.75 m deep, 2.00
m wide, and 1.50m high, is situated on the eastern face of a
large,surface limestone boulder.Another overhangwasnoted
on the western end of the boulder, but no portable remains
were found in association with this feature. An examination
of theareas surrounding FeatureA evidenced a surface scatter
of prehistoric ceramics inan area of approximately 3,414m',
which continues south out of the project area an unknown
distance (Figure 8).
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A surface examination of Site 66-04-0001 revealed five
prehistoric and four historic surface features.These include a
Japanese gun emplacement and pillbox (Features A and B)
(Figures 5 and 6). an artifact scatter (Feature C), a push pile
containing possible lane elements (Feature D), an alcove
carved out of the limestone cliff (Fearure E). two rock
overhangs (Features F and H). a midden deposit (Feature G),
and a concrete pad (Feature J) (fable A-I, Figure A-3).

_. 'I? Site 66-04-0615 consists of a black loamysurface deposit
(Feature A), and an upright coral rock (Feature B).The site is
located on a raised limestone terrace in the eastern portion
of the project area. Within the project area, Feature A
measures approximately2.00mN-S, 3.00 mE-Wand extends
to approximately 0.25 m below surface (mbs). Portable
remains recovered include prehistoric ceramics, marine shell
and thermally altered rock. Feature B is a large piece of coral
rock located on the eastern edge of Feature A. The base is
firmly buried in the black soil with approximately 0.50 m
extending above ground surface (Figure 7).

During the surface survey, five archaeological sites
were identified, including the previously recorded, multi­
component. historic and prehistoric complex (66-04-000 I).
a midden area (Site 66-04-0615). a rock overhang and asso­
ciated ceramic scatter (Site 66-04-0616), a cave (66-04-
0617), and a cave and overhang complex (Site 66-04-0618)
(fable A-I, Figure A-3).

Large amounts of modern trash 3rC present beneath the
top of the steep slope along the northern edge of the project
area. This debris includes aluminum cans. glass bottles,
plastic. tires, tin roofing and major appliances. It is probable
that these materials were discarded from the top of the cliff,
because this area is not readily accessible from below.

Portions of the Gun Beach Hotel Site project area show
evidence of mechanical modification. The area which ex­
tends from Tumon Bay eastward approximately 60 m, con­
tains large surface piles of recently deposited limestone
gravel and surface and subsurface trash deposits. In the
eastern portion of the strand, there an: signs of surface
bulldozing. including, push piles. and tbe mottled soil afthe
upper subsurface deposits.

SURFACE FIl\'DINGS
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Figure s. Site 66-04-001, Japanese Gun (Neg. 2497-28)
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Figure 6. Site 66-04-001,Japanese Pillbox (Neg. 2497-24)
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Figure 7. Site 66-04-0615
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Substratum Db at Site 66-04-0616 is evident in two of
the 25 STs excavated. This deposit is a dark brown clay loam
with prehistoric ceramics and marine shell.

Substratum Db at Site 66-04-0615 is evident in three
of the 17 STs excavated. This deposit is a strong brown silty
clay containing small amounts ofprehistoric ceramics.

Substratum DId at Site 66-04-000 I is present only in
BT.l, and consists of a black loamy sand containing prehis­
toric ceramics, marine shell, thermally altered rock and a
basin shaped pit feature. An excellent example of the strati­
fied prehistoric cultural deposits is illustrated in Figure 12.

Substratum ma at Site 66-04-0615 is evident intwo STs
excavated within Feature A (Middenj.This deposit is a black
loamy sand containing prehistoric ceramics, marine shell,
and thermally altered rock.

Substratum me at Site 66-04-000 Iis present in five of
the 22 BTs excavated (BTs -I, -2, -IS -16 and -20). This
deposit ranges from a white to gray fmc sand and contains
prehistoric ceramics, marine shell, and human remains.

Substratum IIIb at Site 66-04-000 Iis present in 12of
the 22 BTs excavated (BTs 1-3, -6, -12, 15-18, ·20, ·21 and
-23). This deposit ranges from a white to a brown fine sand
with prehistoric ceramics, nonhuman bone, marine shell, a
basin shaped-pit feature and human remains.

Substratum rna at Site 66-04-0001 is present in 17 of
the 22 BTs excavated (BTs 1-7, 12·18,20-21 and -23). This
deposit is a partially truncated, very dark grayish brown to
black, loamy sand with prehistoric ceramics, marine shell,
burned botanical remains, nonhuman bone, thermally altered
rock, stone and shell tools, a basin-shaped pit feature and
human remains.

Deposits dating to the prehistoric period were evident at
Sites 66-04-0001,0615,0616, and 0617. No deposits datin"g
to the prehistoric period were noted at Site 66-04-0618.

Stratum m (pREmSTORlC)

Materials dating to the "Historic period were recorded in
several BTs, at Site 66-04-0001. However, as these deposits
also included modem debris, no Stratum II designation could
be assigned. Sites 66-04-0615 through -0618 yielded no
historic deposits.

Stratum II (HISTORIC)

Stratum I in the remaining eight BTs, (BTs -3, -5, -8, -
12, and 21-23) consists of a white to pinkish white, coarse
limestone gravel fill (Figure 11). These deposits are located
in the western one-third of the strand and are probably the
result of efforts to replace the soil removed in sand mining
activities. Kurashina et al. (1987), recorded a large borrow pit
(Locality H), in the vicinity of these recent fill deposits. The
current survey failed to locale this bOrTOWpit, and it is likely
that it was filled inwith the limestone material. Sites 66-04-
0615 through -0618 yielded no recent deposits.

Recentl y deposited strata were found in 13 of the 22
BTs excavated at Site 66-04-0001,(BTs-3,-5, 7-14,and21-
23). The composition of Stratum I in six BTs (BTs -7, 9-11,
-13 and -14), consists of a mottled gray and white very fine
sand, containing varying degrees of modem trash and
redeposited prehistoric cultural materials. These deposits
were located in the eastern two-thirds of the coastal beach
strand, and were probably the result of bulldozing. Push
piles in the south eastern portion of the beach, in conjunc­
tion with the mottled nature of the soil, supports the theory
of mechanical disturbance.

Stratum I (RECENT)

STRATIGRAPInC DESCRIPTIONS

The excavation of three STs at Site 66-04-0618 evi­
denced between 0.1 and 0.2 m of a brown silty clay with 50%
limestone gravel inclusions. No subsurface prehistoric cul­
tural materials were noted.

A subsurface examination of Site 66-04-0617 evidenced
approximately 0.30 m ofa reddish brown clay loam with 50%
limestone gravel and rock inclusions. Three STs excavated in
the area resulted in the recovery of small amounts of prehis­
toric ceramics, land and marine shell and nonhuman bone.
The approximate area of the site is 55 mI.

The excavation of two STs at 66-04-0616 evidenced 0.25
m of a dark brown clay loam containing prehistoric ceramics
and marine shell, overlying 0.1 m of a reddish yellow clay
loam containing human remains. The excavation of24 STs in
Feature B yielded between 0.1 and 0.3 m of strong brown,
culturally sterile silty clay. These findings indicate that the
ceramics noted within Feature B are confined solely to the
surface.

defined a site area of approximately 585 m2, which extends
south out of the project area an unknown distance.
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Figure 9. Site 66-04-0617,Cave Entrance (Neg. 2497-20)
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Figure 10. Site 66-04-0618, Cave Entrance (Neg. 2497-8)
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Figure 11.Site 66-04-0001,Limestone GravelFill (Neg. 2499-28)
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Figure 12. Site 66-04-0001,East Wall ofBT-l
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Feature 3 is an in situ human burial located in the south Feature 9 is a basin-shaped pit located inthe eastwall of
wall and floor ofBT-2. Soil within the feature is a gray, sandy BT-21. Soil within the feature is a light brown, sandy loam
loam.The feature measures 0.60 mN-S (extending south out with small amounts of charcoal present. The features mea-

Feature 9

Feature 8 is an in situ human burial located in the north
wall and floor ofBT-20. Soil within the feature is an orange­
brown, sandy loam. The feature measures 0.25 m N-S,
(extending north out of the trench anunknown distance), and
1.5 m E-W. Trenching was terminated upon discovery of
human remains.

Feature 8

Feature 7 is a basin-shaped pit located in the east wall
ofBT-1. Soil within the feature is a black, sandy loam and
contains prehistoric ceramics, marine shell and thermally
altered rock, The feature measures 0.85 mN-S, (extending
south out of the trench an unknown distance), and is 0.25
m deep.

Feature 7

Feature 6 is an in situ human burial located in the north
wall and floor ofBT-6. Soil within the feature is a very dark
grayish brown, sandy loam. The feature measures 0.25 m
N-S, (extending north out of the trench an unknown dis­
tance), and 0.45 m E-W. Trenching was terminated upon
discovery of human remains.

Feature 6

Feature 5 is an in situ human burial located in the south
wall and floor ofBT-3. Soil within the feature is a gray,sandy
loam.The featuremeasures 0.15mN-S (extending south out
of the trench an unknown distance) and 0.38 m E-W.Trench­
ing was terminated upon discovery ofbuman remains.

Feature 5

Feature4 is a disturbed human burial located in the south
wall of BT-4. Soil within the feature is a very dark grayish
brown, sandy loam. The feature measures 0.4 m E4W and
extends west out of the trench an unknown distance. Trench­
ing was terminated upon discovery of human remains.

Feature 4

of the trench an unknown distance), and 0.45mE-W.Trench­
ing was terminated upon discovery ofhwnan remains.
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Feature 3

Feature 2 is a basin-shaped pit located in the northwest
comer ofBT-16. The soil within the feature consists of a very
dark grayish brown, sandy loam with prehistoric ceramics,
and marine sheU. The feature measures 0.80 m in width
(extendingwestoutoftheumtanun1cnowndistance),andO.70
m in depth.

Feature 2

Feature 1 is an in situ human burial located in the south
wall and floor of BT-16. The soil within the feature is an
orange-yellow, fine sand. The feature measures 0.10 m N-S
(extending south out of the trench an unknown distance), and
0.60 m E-W. Trenching was terminated upon discovery of
human remains.

Feature 1

Several soil features were noted during the subsurface
examination of Site 66-04-000 1.These include 11daring to
the prehistoric period and one to the historic.A smnmary of
soil features, including formal and functionalinterpretations,
is presented inTable A-3.

SOIL FEATURE DESCRIPTIONS

Deposits dating to the pre-cultural period were noted
in 16 of the 22 BTs excavated at Site 66-04-000 l."This
deposit consists ofa culturally sterile fine white sand, over
bedrock. The remaining eight BTs (BTs 2-4, -6, -7, -12, -16
and -20), encountered human remains and were terminated
before culturally sterile soil could be reached. A summary
of Backhoe Trench Stratigraphy is presented in Table A-2.

Stratum IV (pRE-CULTURAL)

Substratum rna at Site 66-04-0617 is a reddish brown
clay loam with 50% limestone gravel inclusions, prehistoric
ceramics, marine shell and nonhuman bone.

Substratum II1b at Site 66-04-0616 is evident in twoof
the 25 STs excavated. This deposit is a reddish yellow clay
loamwith 20% limestone gravel inclusions, containing small
amounts of prehistoric ceramics and human remains.
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Feature 12 is a human-bone scatter located in the north
wall and floor ofBT-7. Soil within the feature is a very pale
brown, very flne sand. The feature measures 0.20 m N-S,
(extending out of the trench an unknown distance) and 0.40
m E-W, (extending east out of the trench an unJcnown
distance). Trenching was terminated upon discovery of
human remains.

Feature 12

a brown, sandy loam. The feature measures 0.45 m N-S
(extending north out of the trench an unknown distance),
and 0.95 m E-W, (extending east out of the unit an unknown
distance). Trenching was terminated upon discovery of
human remains.

Feature 11 is a human-bone scatter located in the north
and east walls and floor of BT-12. Soil within the feature is

Feature 11

Feature lOis a basin-shaped pit located in the north wall
of BT-l I. Soil within the feature is a very dark grayish brown,
sandy loam, containing large quantities of glass, aluminum
cans, plastic and butchered nonhuman bone. The feature
measures 0.90 m E-W and 0.35 mdeep.

Feature 10

sures O.SOmN-S. (extending south out of the unit an unknown
distance), and 0.70 m deep.
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Feature 7, also a fire pit, yielded an early date as well. Soil
sample 2 156.takenftom 1.l0-1.3Smbs, wasdated to 1915:1::115

Feature 2 is a fire pit which contained cbn.rcoal and
other portable remains, including ceramics. Charcoal sample
2154 (sample numbers are preceded by 1077-), taken from
0.75 mbs, yielded an adjusted date ofl670:t:l 50 BP. Sample
2155, a bulk low-carbon soil sample taken from only 5.0 em
above the previous sample yielded an adjusted date of
370±:110 BP.

Radiometric determiaations showed two distinct group­
ings, centered around Transitional Pre-Lane and early-to­
middle Latte Phase dates. The Transitional Pre-Lane dates
were associated with Features 2 and 7, both of which were
located in the surface of Feature C, a large artifact scatter.

Samples were selected from two soil features (Features
2 and 7) and general level fiU in Features C and H. Two
samples were selected from different depths in Feature 2 in
order to determine the nature of this feature. The deposits in
the project area were practically devoid of datable carbon, and
these samples represent the only suitable dating samples
available.

Five samples of charcoal and low-carbon bulk soil were
chosen from discrete cultural deposits at 66-04-000 I for
radiocarbon age determination analysis. Three samples were
sent to the Geochron Laboratories Division ofKrueger Enter­
prises, Inc., of Cambridge, Massachusetts. Two samples were
submitted to Beta Analytic Inc. of'Miami, Florida. Standard
procedures were employed in the processing and analysis of
all samples. The isotope values obtained during the counting
process were then used to calculate the carbon-13/carbon-12
ratio for each sample, with the final result being determined
relative to international standards in order to reduce errors
produced by carbon isotope fractionation. The results of the
radiocarbon age determinations are presented in Table A4.
The age for each sample. is reported as a two standard
deviation range. After adjustment based on carbon isotope
ratios, the ages were calibrated using the tables provided in
Stuiver and Pearson (1986), which correct variations in
atmospheric carbon over time.

RADIOMETRIC DATING

patterning which is congruent with earlier researchers'
observations concerning the site.
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Investigations in the project area resulted in the iden­
tification of five prehistoric and two historic sites. Materi­
als were collected from all five prehistoric sites. Although
this portion of prehistoric Site 66-04-0001 has been im­
pacted by recent human activities, the artifactual data show

FINDINGS

Ceramics and non-ceramic artifacts are washed in
water with a soft brush, except for items such as metal,
fabric, leather, lime-impressed ceramics, fragile or deco­
rated ceramics, fragile shell artifacts (e.g., fishhooks,
Isognomon sheil), or fragile bone artifacts. Rim sherds
greater than 2.0 cm in size and all non-ceramic artifacts are
given catalog numbers, starting with "I"for each project or
site. PHRl project number, GHPO site number (if avail­
able) and catalog number are written on the artifact in
permanent black ink. If the item is too small to hold the
information, it is placed within a sealable plastic bag or vial
on which the catalog number and provenience information
inscribed in permanent ink. Sorting and cataloguing data
are entered in a database program (paradox 3), and data
tables are generated from this database.

Materials are sorted by lab technicians into specific bags,
and the proper provenience information is written on each bag
in permanent ink. Items are sorted into the following catego­
ries: shell (not worked), pottery, human bone, nonhuman
bone, non-ceramic artifacts, and botanical. Human bone is
immediately transferred to the osteology lab. Carbonized

+ botanical ma~ sealed in either foil or plastic to prevent
contaminatiOnlltems of each category are placed in boxes to
await=snon eramic artifacts are separated by mate­
rial type wi~1he torage box.

\

All field-accessioned bags, except bags ofhwnan bone,
are checked into the main lab, and the provenience informa­
tion written on the bags is compared to that recorded on the
field-accession records. Completed accession records are
entered on the main lab computer using a relational database
program (Paradox 3). Bulk soil samples are placed in an
enclosed, air-conditioned area to await floatation or other
processing. Bags sorted in the field are placed in boxes with
materials of the same category to await analysis. Bags of
unsorted materials are stored until lab technicians can sort
them. Material from "dirty" (i.e., loamy soil) areas is
waterscreened and dried prior to sorting. Material from
"clean" (i.e., sandy) areas is not waterscreened.
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Cat. No.2 was a light-green tinted,machine-made bottle
withasix-ouncecapacity(Figure 13).Thepaintedlabelonthe
front of the bottle was still intact. Painted in red and white, it
read, "PAR-T-PAKI REG ,U.S. PAT.OFF. I COPYRIGHT
1945 I NEHI CORPORATION."The back read, -aorna
STERILIZED BEFORE FILLING • CONTAINS CAR·
BONATEDWATER I SUGAR. AN ACIDULANT,I COLA
NUT EXTRACTIVES, I NATURAL FLAVORS, I CARA­
MELCOLOR/PROPERTYOF STANDARDBEVERAGES
IOAKLAND- SAN FRANCISCO."The base was embossed
with a similar maker's mark as Cat. No. I, an encircled "I"

The three intact bottles were soft drink containers. Cat.
No.1 was a clear, seven ounce, dot-impressed bottle. The
shoulder of the bottle was embossedwith the molded phrases,
"NOT 10 BE REFll.LED" and "NO DEPOSIT NO RE­
TURN."The base of the bottle displayed a maker's mark: an
encircled "I" within a diamond flankedby "20" on the left and
"52" on the right with the word "Duraglas" below, as well as
the bottlers' identification, "I WAYBEVERAGES."

Feature 10.Feature lOis a recent trash pit encountered
inBT-ll, substratum Ib (0.25~l.lO mbs). Four historic arti­
facts, three complete bottles and an amber glass sherd, were
recovered from this feature. The glass fragment (Cal No.4)
was from amachine-made bottle, though nomaker's marks or
embossing was present.

Findings

A total of92 artifacts were recovered from Site 66-04-
0001 (TableA-5: Summary of Non-ceramic Artifacts). The
artifacts were recovered from three surface features (Fea­
tures C, F,and H)and one soil feature (Feature 10).No non­
ceramic artifacts were collected from the remaining four
prehistoric sites.

NON-CERAMIC ARTIFAcrS

Radiometric determinations were obtained for five
samples from discrete proveniences in the project area.
Results indicated an occupation span ranging from the
Transitional Pre-Lane to the early and middle Latte Phase
dates and were partially supported by the limited artifac­
tual data.

Summary

retrieved. Ceramics data obtained by Grant et al, indicated a
Lane Phase context, with volcanic sand inclusions and thick­
ened rims predominating.

31)

This pattern of dates and associated artifactual materials
was also found in PHRl Project 91-1040, the AT&TCommu­
nications Cable Project, located to the south across Gun
Beach Road (Grant et al. 1992). Site 66-04-0001, a large
prehistoric village site, spans Gun Beach Road and thus
encompasses both the current project area as well as the 91-
1040 project area. Both Pre-Lane and Lane Phase dateswere
obtained during by Grant et al., t\VO of which ranged from
approximately 1610-1800BP (Transitional Pre-Lane). Three
additional determinations were Lane Phase, and ranged from
625-1045 BP.Again. the earlier dates were associated with
subsurface features fromwhich few diagnostic artifacts were

The majority of ceramics contained volcanic sand inclu­
sions, and had thickened rims and textured-to-smooth rin­
ishes.These attributes are most commonly associatedwith the
Lane Phase. Variation in thickness within the collection of
Type B rims themselves suggests that the ceramics were
produced at different times during the Latte Phase. A small
number of sherds with polished surfaces and calcareous sand
inclusions were also noted in BT-20 and BT-21, indicating a
possible Pre-Lane Phase component. Unfortunately, no ra­
diocarbon samples were available from these BTs.

The range of dates obtained indicate a length of occupa­
tion spanning the Transitional Pre-Lane Phase through the
Latte Phase. Subsurface features yielded the earliest determi­
nations. The remaining three dates, from general level fill and
theupper levels ofFeature 2, indicate an carlyto middle Latte
Phase context for these levels. These determinations are
substantiated by the artifactual data,primarily the prehistoric
ceramics.

Discussion

General level fiU from FeatureH, an overhang, and from
Feature C yielded early to middle Latte Phase dates. Sample
2158, a charcoal sample from 0.35 m bs in FeatureH, yielded
an adjusted date of 530:1:60BP.The only artifacts associated
with Feature Hconsisted offive small (unanalyzable) ceramic
sherds and several historic items. Examination of strati­
graphic data for the area surrounding Feature Hshowedwhat
may originally have been amidden area outside the overhang,
corresponding to substrata lIIb and IIIc in BT-14,BT-15,BT-
16,and perhaps BT-IS. Sample 2157, a bullelow-carbon soil
sample taken from 0.35-0.55 m bs inBT-14within Feature C,
yielded a date of 690:1:105 BP.No non-ceramic artifacts were
recovered from this provenience, although a small number of
prehistoric ceramics were.

BP, a Transitional Pre-Lane Phase date. There were no
artifacts associated with this feature.
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Figure 13.Par-T-Pak Cola Bottle

ACC.NO. 37 ICAT. NO. 2

SCALE2:1
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Two pestle or pounder fragments were recovered, one
(Cat No. 10) from BT-21, substratum IIIb and one (Cat. No.
14) from BT-22, substratum III. Cat. No. 10was the utilized
end of an andesite pounder. Pecking was evident on the use
surface. The fragment had a circular cross-section with a

The poll portion of a basalt tool was collected from BT-
6, substratum IlIa (Cat. No. 6). Manufactured from a fiae­
grained basalt, th.istool may be the poll portion of a pestle.

Six lithic artifacts were recovered, most of which were
groundstone items. A single secondary chert flake (Cat. No.
8)was collected from the surface ofFeature C.The bit portion
of a basalt adze or chisel (Cat No. 11)was recovered ITomthe
surface. The fragment had an almost circular cross-section;
between 32 and 38 DUD indiameter. The bit edge itself bad a
length of33 mm, The bevel, with 11 slightly convex edge, was
ground to a 73-degree angle.

Two Terebm artifacts were recovered, a complete adze
(Cat No. 12) and a possible adze blank (Cat. No. 29). The
anterior portion of Cal No. 12was ground toa convexbit.The
bit was approximately 33 nun long, 12DUD wide and had a
bevel angle of 64 degrees. The apex of the shell was chipped.
Cat No. 29 was identified as an adze blank. as the apex of the
shell displayed slight grinding. The anterior end of the shell
was broken.

Twenty-three pieces of Isognomon were also recovered.
Twenty-two of these were recovered from the same prove­
nience (ST-2, 0.0 to 0.20 mbs; Cat. No. 24).These fragments
may represent only a few individual shells.1Wo pieces were
large, and may represent raw material stored for fishhook
manufacture. The remaining pieces may be debitage from
fishhook manufacture. Although no finished fishhooks or
gorges were recovered, one possible fishhook tab (Cat. No.
34) was recovered from BT-20, substratum IlIc, 0.73-1.10
m bs. One of the edges appeared drilled, although the shell
was toowaterworn to be certain. All the Isognomon recovered
was associated with proveniences inwhich there was also a
human burial.

The fragment (Cat. No.7) was the bit portion of an
adze. The frontal profile was rectangular and the cross­
section was lenticular. The bit was concave, 24 mm long by
10 mm wide and had a bevel angle of76 degrees. The adze
was manufactured from the posterior dorsal section of a
right valve.

The broken adze (Cal No.5) was rectangular in frontal
profile and lenticular in cross-section. The bit was convex, 27

Tridacna adzes were represented by a complete adze, a
broken adze and an adze fhlgment. The complete adze (Cat.
No. 19) was trapezoidal in fi'onbl profile and lenticular in
cross-section. The bit was straight and the poll was rounded.
Bevel angle for the bit measured 66 degrees. The surface of
the adze was natural but slightly waterwom. The adze was
manufactured from the dorsal portion of a left valve. It should
be noted at this point that the anatomy of the Tridaenidae is
different than that of many other bivalves. According to
Rosewater (1965:350-353 IN Kirch and Yen 1982:210), in
Tridacna the hinge area is ventral, and the thinner portion of
the valve is in fact dorsal.

Thirty-six shell artifacts were recovered from Feature C,
most of which were Tridacna shell fragments or tool frag­
ments. A total of716.41 g of whole and fragmentary Tridacna
shells was recovered from depths ranging between 0.0 and
1.10 mbs. These fragmentary shells may represent debitage
from Tridacna adze manufacture.

The teal bottle was machine-made and did not exhibit
maker's or bottler's marks. The bottle was decorated with four
II mm-wide panels made up of five small ribs. In between
each of the ribbed panels a portion of the glass had been
partially cut frH3y,adding another component to the design.
The bottle measured 62 mm in diameter, with a 65 mm tall
body andwas 99 mm tallwhen the neckand screwtop lipwere
included. Decorative bottles such as these usually held per­
fume or similar cosmetic contents.

Feature C. A total of 47 non-ceramic artifacts was
recovered from 14BTs excavated inFeature C, a large artifact
scatter. Only four of these were historic. Historic items
included a4.5-inch iron nail and a six-inch spike (Cal No.9)
recovered from BT-S substratum Ie (0.90-1.10 m bs), a clear
glass body sherd (Cat. No. IS) recovered from BT-22substra­
twn Ic and a small, teal, glass bottle (Cat. No. 18).

The third intact bottle (CalNo.4) was a clear,machine­
made Pepsi bottle. The neck of the bottle was molded with
alternating ribbons, some reading "PEPSI COLA" and others
with a crosshatched pattern (Figure 14).The frontof'the bottle
was painted inred and white, though only aportion of the label
remained. The base was embossed with a maker's mark
reading, "DES PAT 120-277 I 14-B-50 I an encircled 'B'I
TEMPERGLAS 11333."

within a diamond flanked by "23" on the left and "46" on the mID long by 10mm wide and had a bevel angle of 48 degrees.
right with the word "Duraglas" below. The poll was missing. This adze was alsomanufactured from

the dorsal portion of a left valve.
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Figure 14. Pepsi Cola Bottle

ACC. MO. 37/CAT.NO. 4

SCALE 2:1
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. Cat.No.2 was a light-green tintedcola bottle (Figure 13).
The painted label on the front referred to the ''NEHI COR­
PORATION."Nehi was flrSt introduced as a new beverage
line of the Chero Cola organization. The Chero Cola Com­
panywas createdby ClaudeA.Hatcher inColumbus, Ohio in
1912. Soonafter the introduction of theNew line in 1924,the
Nehi Corporation was organized (Riley 1958:261,264). In
1933Nero's Par-T-Palcbrand was introduced. By the middle
of the century. (Ncr400 bottlers were franchised to distribute
Nehi (Riley 1958:156).TheGunBeach example exhibited the
words "PROPERTYOFSTANDARDBEVERAGES/ OAK·
LAND - SAN FRANCISCO."The base was also embossed
with the Owens-Illinois maker's mark with the word

The Owens-Illinois Glass Co. mark was accompanied by
the scripted word "Duraglas", Owens-illinois often used the
mnrk on their wares. Beginning on September 4, 1940, the
word was embossed in script, but the style of writing was
changed tocapitalblock letters onOctober 18,1963(Toulouse
1971:170).No reference for "I WAYBEVERAGES"bottlers
was found.

Historic Artif:lcts. The recovered historic assemblage
included 49 items. Of these , only bottle glass had diagnos­
tic potential. A total of 31 pieces of bottle glass was
recovered. Only three intact bottles (recovered from Fea­
ture 10, a recent trash pit) yielded infonnation as to their
origin. Cat. No. 1 was a clear, dot-impressed soft drink
bottle with abottle maker's mark of an encircled "I" within
a diamond with the word "Duraglas" below. This was the
mark of the Owens-Illinois Glass Co. The Owens-Illinois
Glass Co. was formed in 1929 when two large glass
companies merged, tbe Illinois Glass Co. group and the
Owens Bottle Machine Co. Many additional companies
were added through the years, to make Owens-Illinois
GI3.SSCo. one of the country's the largest bottle producers
(Toulouse 1971:403). A total of twenty six plants were
recorded in 1971.Aplant designation number was molded to
the left of the company symbol on each bottle allowing
identification of the manufacture location of the specific
bottle.The number to theright of the symbol refers to theyear
inwhich it was made.The symbol on Cat No. 1was flanked
by "20" on the left and "52" on the right designating a
manufacture intheOakland,California plant inthe year 1952.
The Oakland plantwas opened sometime around 1944and is
still in operation (Toulouse 1971:407).

the artifacts were directly associated with the radiometric
determinations. Looking upon the artifacts from across the
project area as two inclusiveassemblages, historic andprehis­
toric, a general view of the material culture of the area may
be revealed.

A total of92 artifactswas recoveredfromthe four distinct
features (10, C, J, and L) within the project area. A majority
of the items, including the entire prehistoric assemblage, was
recovered from Feature C. When considering the artifacts
from each feature individually, the assemblages were either
too small or the artifacts within those assemblages too
fragmentary to supplymuch information. Inaddition, none of

Discussion

Feature H. Only two artifacts were recovered from ST-
5 in Feature H, also an overhang.Theywere themetal backing
ofa lapel pin (Cat No.22) and a glass fragment (Cat. No. 23).
Cat. No. 23was aplain. clear, body sherdwith no distinguisb­
ing marks. Although only historic artifacts were recovered
from Feature H, charcoal recovered from 0.35 mbs was
radiocarbon dated to 530:1:60BP.These historic items, then,
are intrusive into prehistoric strata

Feature F. A total of 39 Don-ceramic artifacts was
recovered from Feature F, an overhang. All were historic or
recent in origin and consisted of 12pieces of metal and 27
pieces of glass. The metal fragments (Cat. No. 16) were
small and unidentifiable, weighing a total of 10.59 g. The
glass fragments (Cat. No. 17) were from a variety of
machine-made bottles. Eighteen of the fragments were
amber; four of these were dot-impressed body sherds, 13
were plain body sherds and one was a plain base. Eight
body/shoulder sherds were clear glass; one displayed the
crosshatching found on Pepsi bottles, two were ribbed. three
were plain, one was dot-impressed and one displayed the
molded characters "ANA". One glass sberd was green and
dot-impressed. Makers' marks or bottler information could
not be determined from these small sherds. No radiometric
samples were taken from this feature.

Several radiometric determinations were available from
Feature C, ranging fromTransitional Pre-Lane Phase (1670-
1915BP) to the Latte Phase (370-690 BP). Three dates were
derived from soil features. One came from general level fill
inBT-14. the other two fromBT-l andBT-16.None of thenon­
ceramic artifacts was directly associated with the radiometric
dating samples.

A modified andesite cobble (Cat. No. 13) was recov­
ered from BT-I, substratum Illa, A small portion of the
surface was broken but not abraded. The function of this
modified stone is unknown, although it may have been a
hammerstone.

diameter of8 8rom.Cat.No. 14was ovoidin cross section, and
was quite battered and weathered.
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Two Terebra artifacts were recovered, one a complete
adze, the other a possible adze blank.The adze (Cat. No. 12)
conformed to Craib's Type 6 and as he states, Terebra adzes
"demonstrate exceedingly little variation, due to the limita­
tions imposed by the general shell morphology" (Craib
1977:79). The Terebra adze manufacturing process, as de­
scribed by Craib (1977:78), begins by pecking one side of the

Inconjunction withsiding information done oncomplete
adzes, a closer examination of Tridacna debris may allow
researchers to distinguish between shells broken for meat
procurement versus broken sbell from tool manufacture. Of
course, these two categories undoubtedly overlap, as larger
fragments broken during food preparation could have been
saved for tool manufacture. If one valve side versus another
was consistently broken formeat removal,with the unbroken
half saved for tool manufacture, one might expect to see
patterning not only in the side used for adzes, but in the
proportion of sides represented inmanufacturing debris.This
assumes that manufacturing debris tends to be discarded in
areas separate from areas of food preparation and discard.
Excavations at Fafai Beach (Haun et al. 1990), located
approximately 50m from 66-04-000I,showed that Tridacna
debitage tended to be strongly associatedwith finished adzes
and adze fragments (Haun et al. 1990:17). Further, the
majority ofTridacna adzes at FafaiBeacbwere manufactured
from the left valve of the parent shell, as were the three
Tridacna adzes from the Gun Beach Hotel Project. The
information gathered so far, while incomplete, suggests that
this line of inquiry may be fruitful for larger assemblages of
Iridacna artifacts.

The remaining eight Iridacna shell items, weighing a
total of 716.41 g, were predominantly large fragments or
whole shell. Six of the large pieces had an average measure­
ment of 69 mm by 103mm by 10mm and could represent a
supply of rawmaterial for future use in adze or other artifact
manufacture, or breakage from procurement of Tridacna
meat for conswnption. The smaller fragments were 100small
to have been used as r.rN material in adze manufacture and
may have been debitage, In a study done on Rota, McNamara
and Butler (1988) examined a collection oi Irtdacna debris
(N=108) in order to see if there was patterning which might
shed light on the reduction sequence and manufacturing
strategy for shell adzes. Accordingly,fragments were identi­
fied and counted by the categories binge, nonhinge, angular
fragment, and flake. Fewdistinct trendswere noted, although
thismode of analysismayhavemerit for larger collections.As
only eight fragments were collected from the current project,
the kind of analysis outlined byMcNamara and Butler would
not be meaningful.

JS

Prehistoric Artifacts. A total of 36 shell items was
recovered, 11 of these (30.6%) were ofTridacna shell. One
complete adze and two adze bit fragments were present The
adzes bad straight or slightly convex bit edges and straight
parallel sides conforming toestablisbeddescriptive typologies:
Type 2 in Spoebr's system (1957) and in Reinman's system,
(1977) (which was based on Spoebr's system). It also con­
formed 10Kirch andYen's (1982) Type 3, Craib's (1977)Type
lb and Ray's (1981) Type 6b. All were of these types were
manufactured from the dorsal region of the parent TridaCIUJ
shells. This areaofthesheU wasmore commonly utilized than
the opposingventral hinge rcgion.As Kirch andYen(1982:230)
stated in their attribute study "functional lines may have
crosscut the dorsallhinge distinction" because there was "no
significant difference between dorsal- and binge-region adzes
with respect to their cutting edge."Adzes of this typewere not
only common but were widely distributed through time
(Kirch andYen 1982:231). Spoehr (1957:152) concurs, stat­
ing "no stratigraphic difference can be ascribed to the types
set forth here."

The third intact bottle (CaLNo.4, Figure 14)was aPepsi
bottle with the patented (DES PAT 120-277) crosshatched
pattern. Pepsi was first made as "Brad's Drink" in 1896 by
Caleb D. Bradham inNew Bern. North Carolina. By 1901the
beverage was known as "Pepsi-Cola" and in 1903 the Pepsi­
Cola Company was organized (Riley 1958:258).The base of
the CaL No.4 possessed a maker's mark of an encircled 'B'.
This was the mark used by the Brockway Glass Co. of
Brockway, Pennsylvania. The symbol of the letter "B" within
a circle was copyrighted by Brockway in 1928, though itwas
used as early as 1925.The company was established in 1907
as the Brockway Machine Bottle Co. at the site of a closed
glass factory.The company experimented with various types
of glass machines and soon expanded its bottle-making
capabilities. In 1933Brockway Machine Bottle Co. merged
with Brockway Sales Co., a subsidiary, 10form the Brockway
Glass Co. By 1941 Brockway's second plant in Crenshaw,
Peonsylvaniawasinoperationandin 1946aplantinMuskogee,
Oklahoma, formerly the DeCamp Consolidated Glass Casket
Co., became Plant 3. By 1964 the Brockway Glass Co.
obtained eight bottle plants operated by the Continental Can
Co., more thandoubling its size. Brockway is still inoperation
today (Toulouse 1971:59-62). The "14-B-50" molded on the
base of the bottle may represent a manufacture inPlant No.
14 in 1950, though no reference to the positioning of the
numbers was found.

"Dwaglas."lbe symbol was flanked by "23" on the left and
"46" on the right. representing manufacture in1946at theLos
Angeles, California plant (Toulouse 1971:407).
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The following attributes were recorded for all body and
rim sherds: color, hardness, nonplastic inclusions, thickness

Methods

A total of249 sberds was collected from the Gun Be:ICh
project area. Of the total number of sherds, 97 sherds (36 rims,
four transitional and 57 body sherds) were analyzable. The
ru:st step in analysis was to size-sort the sberds into "analyz.ablc"
and "unanalyzable" categories. Analyzable sherds consisted of
rim or transitional sberds measuring CNer 2.0 em along any
dimension except thickness, and body sberds measuring (Nef 4.0
em along any dimension except thickness. Transitional sherds
are defmedas those sherds exhibiting a point of inflection and
representing a transition point between two sections of the
vessel's morphology, e.g., shoulder, base or neck sherds.
Unanalyzable sherds were simply counted and bagged.
Analyzable sberds were subjected to full attribute analysis.

CERAMIC ANALYSIS

The relationship of the overhang features to the main
portion of the site represented by Feature C is difficult to
surmise from existing evidence. Though part of the overall
site, these may have been used in a limited manner which is
Dot reflected in the archaeological record. It also seems likely
that recent human activities, indicated by the presence of
historic and recent trash in the overhangs, has obliterated
whatever prehistoric remains originally existed.

Domestic activities are implied by the presence of pound­
ers or pestles, as well as the ceramic artifacts, while manufac­
twing activities sucb as woodworking are indicated by the
variety of adzes and adze-making debris. A possible fishhook
tab was identified, but no finished fishhooks, gorges, or
sinkers were found. Likewise, no mortars, abraders, slingstones
or other kinds of artifacts typically associated with a large
Lattc village are represented in the assemblage. The primary
activities represented appear to be domestic and manufactur­
ing activities. This distribution suggests several possible
explanations. One, that the Gun Beach area in general bas
been impacted by bulldozing and other histone activ ities, thus
resulting disturbance of intact cultural deposits. It is also
possible that the limited area tested was on the periphery of
the original village site, or that it was an area in whlch only
a few activities were carried out A combination of these two
factors may well be the reason for the patterning observed in
the non-ceramic artifact assemblage.

tic, manufacturing, warfare, and fishing implements, a small
range of artifact types are represented.

Unlike other more extensive investigations in the same
general area (e.g., Fafai Beach [Haun et ai. 19901 in another
portion of 66-04-000 1 (Grant et al. 1992), excavations at the
Gun Beach Hotel Project Area did not yield a large variety of
non-ceramicartifacts. Rather than fmding avariety of domes-

A small number of artifacts were recovered from various
surface and subsurface features atSite 66-04-0001. Although
the collection was nearly evenly divided between historic and
prehistoric artifacts, all the prehistoric artifacts were recov­
ered from Feature C, a large artifact scatter. Radiocarbon
samples taken from feature and general level fill within
Feature C yielded dates which spanned the Transitional Pre­
Lattc through Lattc Phases. Shovel tests in two overhangs on
the periphery ofFeature C yielded only small bits of glass and
metal, although charcoal from one of the overhangs dated to
approximately 530%60 BP. The diagnostic historic artifacts
date from the late 19405 to the early 19505, and were primarily
derived from a large trash pit (Feature 10), located on thc
western edge of the project area.

The six lithic artifacts recovered from the project area
were either from early stages of manufacture or were frag­
mentary and lacked diagnostic features. The presence of a
singiebasaltadzefragment(Cat.No.ll)reinforcesReinman's
(1977:109) observation that on Guam, shell adzes arc twice
as numerous as stone adzes, perhaps because shell was more
abundant and more easily worked, Spoehr postulated that
"stone adzes were used for heavy work and shell tools for
lighter work and for finishing" (1957: 151).

Summary

Twenty-three (63.9%) pieces of Isognomon were recov­
ered. Isognomon shell was the primary material used in
fishhook and gorge manufacture. Only one of the fragments
(Cat. No. 34) was noticeably worked and may be a fishhook
tab. The fragment had adrilled area 6.0 mm in diameter on one
side. The remaining 22 pieces of Isognomon, weighing a total
of28.13 g, may have been debitage, Because of the fragility
of the Isognomon shell, it was difficult to differentiate
naturally broken pieces of shell from culturally produced
debitage. Whole shells and large pieces of shell may represent
raw material for hook manufacture.

shell "producing an ever widening aperture" .The adze blank
(Cat. No. 29) wasmissing the aperture portion of the shell and
may have broken dwing this early stage of manufacture. The
apex of the shell was slightly ground, the possible beginnings
of a bevel. Similar "adzes", those with beveled polls and
unmodified apertures, have been recorded from the Marianas
(Craib 1977:81).
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Surfaces were classified as "textured" if they had been Rim Stance. Rim stance was classified as inverted,
finished in such a way as to leave a distinctive pattern of vertical, incurving, everted, excurved, flared, horizontal,
striations (such as "brushed", "scraped", "combed,'') or im- pendant or indeterminate (see Appendix B for examples).

Rim Form. Rim form was classified as either non­
thickened or thickened, which correspond to Types A and B,
respectively, according to Spoebr's (1957) typology. Ex­
amples are provided inAppendix B.

Orifice Diameter. Orifice diameter was estimated using
a chart of concentric circles. At least 10% of the original
diameter must be intact for this measurement to be per­
formed. As oval vessels were also manufactured in the
Marianas, diameters are merely estimates and may be incor­
rect if a sherd from an oval vessel is encountered.

Finish was coded as "indeterminate" if interior and
exterior could not be distinguished, or if the presence of
calcareous buildup obscured surface characteristics.

"Eroded" refers to sherds wbose surface flnish has been
obliterated by extensive weathering or breakage.

The terms self-slip and floated surface are sometimes
used for fmelytextured surfaces that appear to be slipped with
the same material that constitutes the clay body. The presence
of a distinct slip is difficult to determine, and in some cases
this effect could result simply from carefully wiping the
surface with a wet band, which brings the finest particles to
the surface and orients them.

"Slipped" refers to the application of a thin coating of
fine clay particles suspended in water. Often this results in a
color contrast with the paste which aids in identification
(Shepard 1985:191). Most of the so-called "red slipped"
ware, characteristic of early pre-Lane ceramic assemblages,
is actually floated rather than slipped (Sant and Lebetski
1988: 192). According to Rice (1987: 151):

"Polishedlburnished" sberds were identified on the basis of
a regular, glossy surface which felt soapy or waxy to the touch.

The "rough" category corresponds toSant and Lebetski's
(1988:191) "plain rough" and includes sherds which exhibit
traces of striations or impressions which had subsequently
been partially smoothed over to produce a roughened texture.
Thus, "rough" sberds are often observed to be intermediate in
a continuum between "plain" and "textured"

pressions (such as cordmarked, mat-impressed, net-impressed
or fabric-impressed). Decoration such as punctations or
finger trailing is also coded under "impressions."
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"Smooth" surfaces were classified on the basis of a
general absence of surface treatment; they consisted of a
featureless, non glossy surface except for occasional incom­
pletely smoothed coil marks, or occasional faint striations or
ridges resulting from the smoothing process.

Finish. Surface fiaish was noted for the interior and
exterior of all rim and body sberds.

Sherd Thickness. Rim thickness was measured at the
widest point of the rim on a line intersecting the center of the
vessel. All body sberds were measured for maximum and
minimum thickness. No thickness measurements were taken
on severely eroded sherds.

Inclusions are classed on the basis of color, angularity,
size and reactivitytodilute bydrochloric acid White, rounded­
to-angular clasts with a positive reaction to acid correspond
to previous identifications of "calcareous sand temper" or
CST; a mixture of white (calcareous) and nonwhite inclusions
roughly corresponds to the previous classification of "mixed
sand temper" orMST,and white (noecalcareousjandncnwbhe
inclusions correspond to "volcanic sand temper" or VST.
Additional categories such as shell, grog, "no inclusions" as
well as mixtures of all of the above are also recognized.

Inclusions. Each sherd was examined along a fresh break
for amount, size, sorting and type of nooplastic inclusions.
Recent investigators (cf. Moore 1983, Sant and Lebetski
1988) have questioned whether all nonplastic inclusions
present in Marianas pottery represent deliberate tempering,
suggesting instead that some inclusions may be naturally
present in the clay sources. Some inclusions, such as grog, and
possibly crushed shell, are undoubtedly temper. However.
since this issue is still unresolved, the word "temper" is not
used to describe nonplastic inclusions.

Hardness. Hardness of each sherd was based on criteria
outlined in the coding format, which is included inAppendix B.

Color. Color was recorded for the exterior, interior and
core of each sherd using Munsell Soil Color Charts. Colorwas
not recorded for eroded surfaces.

and surface treatment. In addition, the following attributes
were recorded for all rim sherds: stance, rim form, rim edge
form and orifice diameter. The coding format used is provided
in Appendix B.
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As noted earlier, a continuum was observed between
smooth, rough and textured sberds regarding the degree of
smoothing over of striatiollS. Textured surfaces exhibited

This assemblage contained a fairly large proportion of
sherds exhibiting a certain degree of surface roughening (cf.
Sant and Lebetski 1988:250). Rough and textured surfaces
accounted for 39.17% (n=38) of all sherds.

Surface Finish.1bedominantsurface finish was smooth,
whicb accounted for 40.21% (n=39) of the sherds. Other
surface flnishes noted include rough (24.74%; 0=24), tex­
tured (14.43%, n=14), polisbedlbumisbed (3.09 %, n=J),
eroded (7.22%, n=7) and indeterminate (10.31%, n=10).

Body ShcrdThickncss. Body-sherd thickness measure­
ments were taken on a total of S3 sberds. The mean was
calculated at 10.53 nun; the standard deviation was 2.34; and
the range was 4.5 to 17.2mrn. TbemeanthicknessofS.Omm
ofsberds with calcareous inclusions (n=5) is slightly greater
than for the total number of sherds,

Most of these sberds with nonwhite inclusions (62%,
n=49) were observed to have very few inclusions evident in
the area of the fresh break (i,e., with very poorly-sorted
inclusions). Often only a single fragment was visible in a
given sberd. Therefore a certain degree of overlap exists
between the two categories of "nonwhite" and "no inclu­
siollS."The sherds classified as "no inclusions" may have had
a low quantity of inclusions, of which none were visible in the
vicinity of the fresh break.

Sberds with nonwhite (VSl) inclusions dominate the
Gun Beach ceramic assemblage, with 84.04% (n=79) of the
total. Sberds with shell and white inclusions accounted for
8.51% (n=8); white and nonwhite (with positive reaction to
muriatic acid), 1.06%(n=I); and no inclusions, 6.38%(0=6).

In two cases the sherds were observed to have shell
inclusions but tested negative with muriatic acid, presumably
because the calcareous elements bad leached out. These two
were excluded from the analysis.

Several sberds were encountered which were contami­
nated by calcareous deposition, in the form of a whitisb
powder whicb bad permeated the interior 0f the sberd. In this
case care was taken to make a fresh break far enough into the
sberd's interior to minimize the possibility of a false positive
in the acid test. Also, care was taken toapply the acid to an area
observed to be free from calcareous deposits. In one sherd
(Ace, No. 22) the calcareous deposit was so pervasive that the
sberd was disqualified from the acid test.
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Sherds containing both white and nonwhite inclusions
were divided into two categories depending upon their reac­
tion tomuriatic acid. Those testing positive were considered
equivalent to what other investigators have called "mixed
sand temper" (MSl). Those testing negative were combined
with the nonwhite category, which corresponds to "volcanic
sand temper" (VSl).

Inclusions. Sberds which tested positive to muriatic acid
all contained shell inclusions. Occasionally, trace inclusions
of rounded white clasts (calcareous sand) were also noted.
These sherds correspond to what other investigators have
termed "calcareous sand temper" (CSl).

Hardness. Nearly all sberds (9S%, N=37) could be
scratched with a fingernail, giving them a Moh's hardness
value of'approximately 2.5 (which is between 2 and 3 on the
modified Mob's scale used by PHRI), generally consistent
with values from mostnoa-kiln-fired pottery, which .....com­
monly ranges between 3 and S in hardness, but values of2 and
7 are not unknown" (Rice 1987:356). Spoebr's (1957) hard­
ness measurements, also based on the Mob's scale, ranged
between 2.5 and 5.5 for Marianas Plainware.

Color. Color is generally regarded as a relatively insig­
nificantattribute inMarianas pottery studies (Moore 1983:76).
Therefore, color was not sysLematicaUy analyzed for this
report. General observations indicate that interior and exte­
rior surfaces are generally of hue SYR, while core colors are
usually included in hue 2.SYR. Core colors tend to have a
higher chroma and a lower value, while the reverse is true for
the interior and exterior surfaces. Thus the interior and
exterior surface colors are significantly lighter and less
brilliant than the core colors. This may be due at least in part
to the post-depositional calcareous residue which was noted
to some extent on nearly every sberd. Although sherds with
their surfaces completely obscured by this residue were
excluded from the color analysis, it is probable that the residue
influenced color observations on other sberds even when the
surface was only partially obscured. The color transition
noted, from the better-filed exterior portions of the sherd to
the less well-filed core, is not unusual.

Findings

Other Attributes. The presence or absence of carbon
residues, surface applications and sherd modification was
recorded for each sberd.

Rim Edge Form. Rim edge form was classified as round,
convex, concave, pointed (including beveled) and flattened
(see Appendix B for examples).
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Thus, the major cultural component present at the Gun
Beach Project appears to date to the early to middle Latte
Phase (c. AD. 1000-1600). The presence of a large number of
robust, Type B rims further narrows the possible date of
occupation to the middle to late Latte Phase (c. AD. 1300-
1600). Five sherds of a thick, shell-tempered ware with
polished surfaces were recovered from BT-20 and BT-21.
Although no radiocarbon dates were associated with these
BTs, these sherds may represent a Pre-Lane component at

The variation observed in rim thickness measurements
from the current project results from the presence ofboth sub­
types of thickened rims. Wickler (1990: 104) proposes a limit
of 15mID for the less robustly thickened "transitional" Type
B rims. However, his report does not specify the way that rim
thickness was determined. Using the method outlined in the
Methods section (above), it seems that 20 DUD may be a more
appropriate figure. Using this criterion, the thickened rims
from Gun Beach are divided between "transitional" (n=14)
and "robust" (n=I6). Representative rim profiles of "transi­
tiooal" and "classic" thickened rims from the assemblage are
provided in Figure 15.

As noted earlier, there was a fairly wide variation noted
in the rim thickness measurements of the thickened rims,
ranging from 9.6-35.0 mm. Thickness variations in thickened
rims may have temporal significance. This variation bas been
addressed by few researchers. For example, Sant and Lebetski
(1988 :236-240), noted a stratigraphic trend in thickened rims
in sites on Rota. They proposed a transitional category of
slightly thickened rims between the nonthickenedType A and
the robustly thickened Type B. They term this form "incipi­
ent" or "transitional" Type B, noting that rims of this type
tended to be found in deeper contexts than "classic" Type B
rims. If this trend holds true for Guam as well, then ceramics
with slightly thickened (incipient Type B) rims may be
characteristic of the early Latte Phase. Other researchers
(Wickler 1990, Swiftet 01.1991) have since made use of this
refinement of Type B rims to better understand and explain
temporal change in ceramic manufacture on the Marianas.

The ceramic assemblage primarily contains sherds from
large, globularvessels with internally or symmetrically thick­
ened rims and wholly or partially striated or roughened
surfaces. 'This combination of attributes is typical of the late
prehistoric Latte Phase (c. AD. 1000-1600).

Discussion

(16.66%), The proportions of surface treatments observed on
rims were similar to those of the total assemblage. Rim
profiles are illustrated in Figures 15-17.
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Finish was smooth on 13 sherds (36.11 %); rough on 11
sberds (30.56%); textured on three sherds (8.33%); eroded on
three sherds (8.33%); and indeterminate on six sherds

Of the 30 thickened rims, 53.33% (n= 16) exhibit internal
thickening; 26.66% (n=8) aresymmetricallythickened; 3.33%
(n= 1) are thickened on the exterior only; and thickening could
not be determined for 16.66% (n=5). Complex thickening,
associated with massive Type B rims. was not observed.

Average rim thickness (based on 31 measurements) is
20.69 mm, with a range of 8.3-35.0 mm and a standard
deviation of 6.34. Average orifice diameter (based on nine
measurements) is 35.33 em, with a range of24.00-42.00 em.

rum Attributes. Of the 36 rims analyzed, the most
common rim type is thickened (Type B; 83.33%; n=30}, with
an incurving (75%; n=27) stance with nonwhite (100%;
n=36) inclusions. Only three non-thickened (Type A) rims
were observed, while rim form was indeterminate on three
specimens. No stance besides incurving was noted; however,
stance could not be determined on 25% (n=9) of the rims
analyzed. Rim-edge form was almost equally divided be­
tween rounded (36.11 %; n= 13) and convex (47.22%; n= 17),
with six (16.66%) indeterminate.

Polisbedlburnished sberds are rare (n=J) in the Gun
Beach assemblage. All of these contained shell inclusions.
One of these (Cer. No. 14) was a sboulder fragment, None of
the polished/burnished sberds exhibit striations.

striations with no evidence ofsmoothing over. Rough surfaces
often exhibited clear evidence of striations, some of which
have been partially or completely obliterated. Often even
"smooth" sherds had very faint traces of smoothed over
striations. For the textured sherds, a fair degree of variation
was observed relative to the kinds of striations present. Two
sherds were striated in a "combed" (cf. Moore 1983:103)
pattern of regular, fine (<3 mm crest to crest), mostly parallel
grooves. Four sherds were more irregularly combed, with
medium (3-6 rom crest to crest), mostly parallel striations.
One rim sherd (Cer. No. 15) was combed with very coarse (>6
nun crest to crest), vertical, parallel striations, in a pattern
very similar to what Spoehr(l9 57 .Figure 52) called "Marianas
Trailed". Three sherds had very irregular, shallow striations,
which look like they may have been created by scraping the
wet clay with a handful of grass. FinaUy, four sherds had very
fine. mostly parallel striations which were not long grooves
but rather very short and overlapping, creating a very rough
texture. One rim sherd of this latter type (Cer. No. 28) had a
smooth zone immediately below the rim edge, and a zone of
oblique striations zone below.
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Figure 16. Rim Profiles
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Figure 17.Rim Profiles
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The Turbinidae family was represented by the species
Turbosetosus, which was a relatively consistent component
in the assemblage. With a total weight of955.44 g, this taxon

The Strombidae, or true conchs, were represented in the
assemblagebythespeciesS.gibberulusgibbosus.S.gibberu/us
gibbosus comprised 1% of all shell remains by weight, and
1.9% of aU identified gastropod remains. This species was
found in 25% of the samples from the project area

Marine gastropods and bivalves were the predominant
classes identified. Marine gastropod taxa most frequently
identified included Strombus gibberulus gibbosus and Turbo
setosus. These taxa were present in CNer25% of all samples
(see Table A-1). Bivalve taxa most frequently identified
included Gafrarium pectinatum and members of the
Tridacnidae family, each present in at least 20% of all samples
(see Table A-7). The littoral/terrestrial gastropod most com­
monly identified was Pythia scarabaeus (ubiquity value of
13.9%). UnidentifiedsheUrepresented 1.2% ofall remains by
weight and was found in five of the 36 samples.

A total of 2404.44 g of shell was identified from dry­
screened samples from levels in fifteen units placed within
features located in five sites (Site 66-04-000 I Features C, F,
G, H, and 10; Site 66-04-0615 Feature B; Site 66-Q4-0616
_Feature A:. Site 66-04-0.6.11Feature A; an~ Site 66-04-QQlS
Feature A). All but Feature C in Site 66-04-0001 was repre­
sented by a single sample. Fifteen species were identified:
seven gastropod (marine, littoral, and terrestrial) and nine
bivalve families (Table A-6). Marine gastropod remains
constituted the largest percentage of identified shell by
weight (53.26%). followed by bivalves (45.88%). and littoral!
terrestrial gastropods, or unidentified shell remains (0.86%).
Approximately 97% of shell by weight was recovered from
Feature C. A relatively small amount of shell was recovered
from the remaining eight features.

Findings

In sum, ubiquity analysis is useful, within limita­
tions. for showing general trends when one has httle
control over the sources ofpatteming in one's data.
By measuring the frequency of OCCWTenceinstead
of abundance, it reduces but does not eliminate the
effects of differences in preservation and sampling
(Hastorfand Popper 1988:64).

which may also have been important food resources. Further,
differential preservation ofarchaeological remains results in
the over-representation of more durable materials (like the
larger, heavier shells) in sites. As Hastorf and Popper state:

Each category of identified shell was bagged and indi­
vidually weighed. Relative percentages of shell types were
calculated for each provenience, as well as for the site as a
whole. Shell was not counted, nor was a minimum number of
individuals (MNl) calculated for the shell remains from this
project area. However. ubiquity values were calculated in
order to correct for possible skewing of the data which can
occur when weights alone are used to characterize importance
of individual taxa ina site. Using weight calculations only, for
example, a single large Turbo shell would be accorded more
importance than many smaller shells which weigh less, but

SmaU shell fragments were placed in one of several
categories: unknown bivalve. or unknown gnstropod-if the
fragment was sufficiently large to determine biological class­
or unidentified shell, if the fragments were extremely small
or lacked distinguishing characteristics. Additional catego­
ries identified in the course of shell analysis included opercu­
lum (a plate which serves to close the aperture of some
gastropod species), Echinoidea (sea urchin parts, usually the
hard spines), chiton (chiton shell, Class Polyplacophora), and
Crustacea. (i,e., crab shell). Obvious shell tools or debitage
were removed from the unmodified shell and analyzed sepa­
rately with artifacts. Utilized sea urchin spines were removed
to be analyzed with other artifacts from the site.

Analyzed shell came from 1/4" dry-screened general
level and 1/8" dry-screened feature fill. All molluscan re­
mains were identified to the Family level, or to the genus!
species level if possible. PHRUGuam's comparative collec­
tion, housed at the main laboratory, was used to aid identifi­
cations, as were the following sources: Abbott and Dance
(1986), Eisenberg (1981), Hinton (1975), and Roth (1989).
She Uswere also assigned a five-digit computer code number,
using a shell coding format devised by PHRI/Guam personnel
(Appendix C).

Methods

INVERTEBRATE REMAINS

Five radiocarbon dates were obtained in this project
(Table 8-4). None are directly associated with analyzable
pottery, but the dates coincide quite well with the two cultural
occupations implied by most of the ceramic assemblage.

Site 66-04-000 1.BT-20 and BT-21 were located in an area of
the site which had some of the deepest and most varied
deposits. The remnants of'Latte Set 12 (Osborne 1947) and an
associated midden area (Feature G), as weU as several human
burials, were also located in the vicinity of these two 8T's.
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Family Strombid:ae. The Strombidae, or true conchs,
is a large family numbering approximately 65 species of
marine gastropods, distributed mainly in the tropical wa­
ters of the Indo-Pacific. Strombus spp. usually inhabit
sandy or muddy areas near coral reefs, in intertidal to

Although few ethnographic reference sources are avail­
able concerning the use of shell resources in Micronesia,
Smith (1986:73) lists a number of mollusks currently har­
vested for food on Guam.' Many of these species are also
represented in the shell remains at the Gun Beach Hotel
Project area (Table A-8). These include gastropods such as
Trochusniloticus, Tectuspyl'Omis,Thrbosetosus, andStrombus
gibberulus; and bivalves such asModiolus auriculatus, Tellina
palatum, Tellinascobinata, GoJI'OTiumpectinatum, andmem­
bers of the Tridacnidae family. Some of the most frequently
identified taxa are discussed below.

The lack of variety in the shell assemblage is most
noticeable when the invertebrate remains identified at the
Gun Beach Hotel area are compared to the assemblage
described by Grant et al,(1992), in the western portion of Gun
Beach (across Gun Beach Road). While the most commonly
identified taxa remained Strornbur and Tellina, many other
taxa, such as the Cardiidae, Psammobiidae, and Arcidae were
also identified from by Grant et al. Although their excavations
were more extensive, and despite the fact that a number of
disturbance factors may be at work in the eastern portion of
Site 66-04-000 I, this lack of variety in the shell assemblage
for the current project is notable.

Only five taxa were consistent components of the shell
assemblage, indicated by their presence in at least 15% of
all samples. These taxa were S. gibberulus gibbosus, Turbo
setosus, Gafrariumpectinatum, and members of the
Tellinidae, including T. palatum. All of these taxa are
economically important taxa, and most likely represent
prehistoric food debris.

Discussion

ing the outline of the area of concentrated human remains.
Nevertheless, the total weight for shell from IlIb was over 800
g, comparable to the amount of shell from substratum mao
Substratum lIIc encompasses an even smaller area of this
portion of Site 66-04-000 1 and very few portable remains
were associated with this substratum. Substratwn 1lId, found
only in BT-I, also contained very few associated remains. A
firepit feature, Feature 7, was intrusive into substratum lIId
and dated to approximately 1900 BP.This date corresponds
well with an 1870 BP radiocarbon date obtained from the
deepest level at Gognga Rockshelter (Graves andMoore 1985).

The most deeply stratified deposits in Site 66-04-0001
were located in BTs -I, -3, -5, -21 and -22, located just north
of Gun Beach Road, and near Feature H in BT-l 5 and BT-16.
These are the same areas with the greatest variety of all classes
of material remains, including shell. The majority of shell
came from substrata IUa and lIIb. Although the largest
amount of shell by weight (over one kilogram) was recovered
from substratum IlIa, this is also the substratum with the
largest areal coverage. In addition, IlIa was partially truncated
and may contain materials from different areas and depths.
Substratum IIIb encompassed a smaller area, roughly follao.v-

The categories "unidentifiable gastropods", "uniden­
tifiable bivalves" and "unidentifiable shell" totaled 1.2%
of all shell by weight. For the most part, these categories
contained small fragments of shell that lacked distinguish­
ing characteristics.

Littoral and/or terrestrial gastropods comprised a small
percentage (0.8% by weight) of total shell at the site. Pythia
scarabaeus andAchatinafolica represented over 93% of the
littoral terrestrial gastropods by weight. P. scarabaeus was
identified in five of 36 samples. Pythia scarabaeus, a small
snail of the family Melampidae (Ellobiidae), comprised a
negligible percentage oftota! shell remains at the site. Mem­
bers of the genus Pythia are " ...inhabitants of the areas
between land and sea, in salt marshes, mangrove swamps,
estuaries, mud flats, and even on land where they bide under
wet palm fronds, leaves, and coconut husks" (Roth 1989: 136).
Achatina fulica, the Giant African land snail, was found in
only two of 36 samples.

Members of the Veneridae family, primarily Gafrarium
pectinatum, constituted 4.8% of the total shell by weight and
10.4% of identified bivalve remains. Gofrartumpectinatum
was present in ]Q of the 36 samples (ubiquity value 27.8%).
Note that the ubiquity value for Gofrarium is almost as high
as that for Turbo, although its percentage by weight is much
lower, an indication of this shell's smaller size.

Members of the Tridacnidae family comprised 30% of all
shells by weight and 65% of identified bivalve remains by
weight. Again. the large, beavy shells of this taxon account for
such figures. Tridacna was identified in eight of the 36
samples (ubiquity value 22.2%).

comprised 40% of the total shell by weight. As noted above,
Turbo she lis are usually large and heavy, so this percentage by
weight does not reflect the true importance of this taxon.
Ubiquity values indicate that Turbo is not as important as
weights alone indicate: Turbo setosus bad a ubiquity value of
30.6%, being present in II of the 36 samples.
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At Site 66-04-000 I, bone was collected from the surface
of Feature F (an overhang), from Feature 10 (an historic trasb
pit). and from substratum Ic at BT-l O.The bone from Feature
F was identified as the femur of a rat or mouse (family
Muridae). Fearure 10 contained a variety of bone from pig
(Susscro/a). CCfW(Bos tQurus),unidentifiable large bird (class
Aves), and a number of fragments of large mammal bone,
probably a mixture of CCfW and pig. Many of the bones
exhibited butcher maries, though none were burned. BT·I0
also contained several fragments of pig and cattle bone, also
exhibiting butcher maries.

Nonhuman vertebnlte~....,were recovered from
three sites: 66-Q4..0001, .§f._Q4..06tkand 66-Q4..0618. It is
doubtful that any of this bone is ofprebistoric cultural origin,
as all was collected from either the surface or from disturbed!
recent contexts.

NONHUMAN VERTEBRATE REMAINS

The small size of the shell assemblage, as well as the lack
of variety in the remains as compared to shell collected from
the western and central parts of Site 66-04-000 I. is consistent
with the observations made by other archaeologists concern­
ing the eastern portion of the Gognga Cove site (cf. Osborne
1947 and Graves and Moore 1985). Although the western and
central portions of tile site contained numerous latte sets, the
eastern portion contained only the ruined remains of several
laue sets. The eastern portion of Site 66-04-000 I may have
been differentially affected by recent human activities, par­
ticularly WWII.At the same time, it also seems likely that this
POrtiOD 0 fthe site was indeed less utilized prehistorically than
the remainder of the settlement. primarily the central and
western portions of Site 66-Q4..0001.

Very few shell taxa were consistent components of the
assemblage. Only five taxa occurred in at least IS% of all
samples: S. gibberulus gibbosus, Turbo setosus, Gofrarium
pectinatum. and members of the Tellinidae, including T.
palatum. All of these taxa are economically important tau,
and most likely represent prehistoric food debris.

A midden area was associated with Feature H, an over­
bang feature. Feature H contained a small amount of shell,
although it appears that shell and other refuse was disposed of
outside the overhang. A firepit feature (Feature 2) and a
human burial (Feature 1)were also encountered in the vicinity
of the overhang.

not been disturbed by recent human activities (although
storm deposits and bioturbation were noted).
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Over two kilograms of shell were sorted and identified
from five prehistoric sites in the project area. Most of this
shell came from Feature C, located in the eastern portion
of Site 66-04-0001 (The entire site encompasses a much
larger area than the current project area). Over half of the
shell recovered came from substratum IlIa, a partially
disturbed substratum whose area roughly equals the extent
of Feature C. The remainder came from substratum lIIb,
which covers a smaller portion of the site and has probably

Ethnographic data from Moen, Chuuk, indicate that
Gafrarium pectinatum is currently used there for food. The
shells of these clams are also used as scrapers for peeling
breadfruit (King and Parker 1984:214-215).

Summary

Family Veneridae. Gofrarium pectinatum, listed as an
edible species by Smith (1986). was recovered from 10 of36
samples. Commonly known as venus clams, members of the
genus Gcfrarium are common, small bivalves that inhabit
shallow water areas in the Indo-Pacific.

Turbinid shells usually inhabit the edges of reefs near
deeper water, while tellinid shells are most frequently found
in shallow lagoon flats. Carucci observed that the presence of
tellinid and turbinid remains may be indicative of the age and
sexual division of labor. Ethnographic data from Australia
indicated that tellinid shells were usually collected by 'WOmen
and children on reef flats at low tide. In contrast, turbinid
shells, which usually inhabit the edges of reefs near deeper
water, were collected by men during the course of spearing
and netting fish. nus patterning was also noted on Rota.
where it is the Chamorro men who usually collect turbinid
shells (Carucci 1988:327).

Families Tellinidae and Thrbinidae. Shell analyses
from sites on Guam indicate that these two families "appear
tobemajorfoodsources"(Carucci 1988:324).Smith(1986:73)
lists several species ofTellina and Turbo, which are still used
as food on Guam (Table A-8: Shells Harvested on Guam).
Tellina palatum was present in six of36 screened samples. Six
additional samples oftellin shells were identified only to the
family level. Turbo setosus was encountered in 11 of 36
samples, all from Features C and H in Site 66·Q4..000 1.Turbo
was not identified in any of the other sites tested.

shallow waters (Eisenberg 1981: 182). Strombus shell is a
common component of archeological sites in Guam (cf.
Carucci 1988, Moore 1983, Reinman 1977). Smith
(1986:73) notes that S. gibberulus gibbosus, called do 'gas
in Chamorro, is still harvested for food on Guam.
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Graves and Moore also observed that the Iatte sets them­
selves appeared to be arranged into several distinct groups. The

Virtually all of the stone structures were located in
the central and western portion of the cove, close to
the cliffline, The eastern side of the cove, which
contains land area suitable for building latte sets is
nearly devoid of such Structures, with the possible
exception ofLatte 113 and 12b.If residential debris
is scattered across the beach zone, especially back
by the cliffiine. this arrangement would suggest a
division of the settlement into at least two sections.

SUM:MARYOF LABORATORY FINDINGS

As with the nonhuman bone, the low recovery of charred
botanical remains may be attributed in part to the use of 1/4"
mesh screen, which catches only the largest and least fragile
materials (typically coconut" shell and larger wood frag­
ments). However, several bulk soil samples were taken from
subsurface features (Features 7 and 9, for example) or from
areas that appeared charcoal-rich and these samples also
contained little identifiable charcoal. With charred botanical
remains aswith several other classes of materials, this eastern
portion of Site 66-04-0001 appears to contain smaller concen­
trations of archaeological remains than western areas of the
site, where latte sets were once located.

Less than one gram of coconut endocarp was recovered
from Feature G, a midden feature located in the southeast
portion of the project area. Approximately 3.5 g of wood
charcoal and coconut endocarp fragments were collected
from Feature H, an overhang. These materials were submit­
ted for radiometric dating and yielded an adjusted date of
530:1::60BP. Feature F. also an overhang. yielded 0.45 g
(three fragments) of coconut endocarp. Subsurface Feature
2, a firepit, yielded less than 10.0 g of wood charcoal. which
was mixed with a charcoal-rich matrix. This material was
also sent for radiometric dating and yielded an adjusted
date of 167±150 BP.

A small collection of charred botanical remains was
recovered from screen fiU in only one site, Site 66-04-000 1.
All botanical materials were associated with features and
primarily consisted of small, unidentifiable wood charcoal
fragments and coconut endocarp fragments.

BOTANICAL REMAINS

The dearth of nonhuman vertebrate remains in the
deposits in the Gun Beach Hotel project is reflective of the
overall poor recovery of all classes of remains. Much of the
project area has been disturbed, which may account in part for
the paucity of nonhuman bone. The use of 1/4" mesh screen
is probably also a major factor; small fisbbones, for example,
frequently pass through 114" mesh and are not collected.

.-I-One fragment of large mammal bone, possibly deer
{Cervus sp.}, was collected from the surface of Feature A (3
cave) i~e 66-04-0617. At Site 66-04-0618, also a cave, two
fragments of unidentified large mammal bone were identi­
fied. These fragments may have come from a cow.

Based on contextual information, it seems clear that none
of the nonhuman vertebrate bone is from prehistoric cultural
contexts. Feature 10, the historic trash pit, contained several
non-native species of mammals as well as the bones of at least
two large birds. None of the bone was burned. BT-l 0 is located
nearby, and the butchered cattle and pig bone from this trench
may be associated with the same episode of disposal as the
materials from Feature IO. Soda bottles found in Feature 10
dated to the late 1940's (post-WWII). The rat/mouse bone
found in Feature F probably reflects the presence of this
animal in the natural fauna of the area.Although rats and mice Examination of the archaeological materials from five
were not part of the pristine fauna of Guam, they probably prehistoric sites within the project area revealed a small and
arrived with the first human inhabitants as stowaways among at least partially disturbed assemblage that spans the Transi­
the cargo in canoes. The bone in the two cave features inSites1 tional Pre-Lane Phase through Lane Phase. Historic and
66-04-0617 and 66-04-0618 may have been dragged into thJ recent disturbance was evident from the presence ofWWII
caves by scavenging animals. defensive structures (Fe:l~ A and B), as well as glass bottles,

metal items and non-native animal bone. "Small amounts of
prehistoric pottery, shell, and historic animal bone, were recov­
ered fromSi~_~5,z -0616, -0617, and~I~. The largest
SitiinvCStigated ~ Site 66-04-0001, from which most of the
materialswere recovered.Known asGognga Cove or Gun Beach,
this site actually spans a much larger area than the current project
area. encompassing the entire cove. The current project area
includes only the eastern portion of the original site. Previous
investigations at Gognga Cove (cf. Osborne 1947, Reinman
1967, Graves and Moore 1985, Kurashina et al. 1987) indi­
cated that at least 12, and possibly IS, lane sets were originally
located on the beach and back by the cliff line. No lane were
located inland, although a number of midden mounds were
found in the upland areas surrounding the site. Osborne's
maps show that lane sets were not evenly distributed at
Gognga Cove. but tended to cluster in the western side of the
cove. According to Graves and Moore (1985:68):

46Final Report1077-020492



The dearth of nonhuman vertebrate remains in the
deposits in the Gun Beach Hotel project is a reflection of the
overall poor recovery of all classes of remains. Much of the
project area has been disturbed, which may account inpart for

Graves and Moore have suggested that exploitation of
bivalve taxa ismost characteristic of the Pre-Lane Phase, with
gastropods such as Strombus becoming more important food
resources in the Latte Phase (Graves and Moore 1985:38).
Although the evidence is limited, it may be that the Grant ct
al,project area bad a better representation of early materials,
as evidenced by the greater variety of shell, especially the
greater proportion of bivalve taxa. In contrast, the eastern
portion of the site may have been occupied not only less
intensively, but later in the sequence as well, as evidenced by
the high proportion of gastropod to bivalve taxa.

Molluscan remains were the largest class ofecofactual
remains represented. Despite the fact that over two kilo­
grams of shell were collected and identified, the remains
differed substantially from shell collections identified
from other parts of the site. For example, the lack ofvariety
in the shell assemblage is most noticeable when the inver­
tebrate remains identified at current project area are com­
pared to the assemblage identified by Grant et al. (1992) in
the western portion of Gun Beach (across Gun Beach
Road). While the most commonly identified taxa remained
Strombus and Tellina,many other taxa, such as the Cardiidae,
Psammobiidae, and Arcidae (all bivalves) were also iden­
tified by Grant et al. Although these excavations were more
extensive, and despite the fact that a number of disturbance
factors may have been at work in the eastern portion of Site
66-04-000 I, the lack of variety in the shell assemblage is
notable.

et aI.[ 1992] in another portion of 66-04-000 I), excavations at
the Gun Beach Hotel Project Area did not yield a large variety
of nODceramic artifacts. Only a small range of artifact types
are represented, rather than a variety of domestic, manufac­
turing, warfare, and fishing implements. Domestic activities
are implied by the presence of pounders or pestles, as well as
the ceramic artifacts, while manufacturing activities such as
woodworking are indicated by the variety of adzes and adze­
making debris. A possible fishhock tab was identified, but no
finished fishhooks, gorges, or sinkers were fOlDld. Likewise,
no mortars, abraders, slingstones or other kinds of artifacts
typically associated with a large Latte Phase village are
represented in the assemblage. The primary activities repre­
sented appear to be domestic and manufacturing activities.
This patterning may be due to recent disturbance, or it may
reflect differential use of the site, as the spatial distribution of
the laue sets seems to indicate.
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Unlike other, more extensive investigations in the same
general area (e.g., Haun et al, [1990] at Fafai Beach and Grant

The majority of ceramics contained volcanic sand inclu­
sions and had thickened rims and textured-to-smooth fin­
ishes. These attributes are most commonly associated with the
Latte Phase. Variation in thickness within the collection of
Type B rims themselves suggests that the ceramics were
produced at different times during the Lane Phase. A smaIl
number of sherds with polished surfaces and calcareous sand
inclusions were also noted in BT-20 and BT-21, indicating a
possible Pre-Lane Phase component. Unfortunately, no ra­
diocarbon samples were available from these BTs.

Radiometric determinations showed two distinct group­
ings, centered around Transitional Pre-Lane and early to
middle Latte Phase dates. The Transitional Pre-Lane dates
were associated with two features, -2 and -7. Both of these soil
features were located in surface Feature C, a larie artifact
scatter. The range of dates obtained indicates a length of
occupation spanning the Transitional Pre-Lane Phase through
the Latte Phase. Subsurface features yielded the earliest
determinations. The remaining three dates, from general level
fill and the upper levels of Feature 2, indicate an early to
middle Latte Phase context for these levels. These determina­
tions are substantiated by the artifactual data, primarily the
prehistoric ceramics.

The findings of the current investigation confirm the
observations of previous researchers concerning the spatial
organization of the Site 66-04-0001 as well as its temporal
association. The remains of only one latte set were identified
(Feature D), and correspond to the location of Osborne's Latte
Set 12. A midden area (Feature G) was located adjacent to this
laue set No other remains of latte sets were identified in the
course of excavations in the project area. Less-concentrated
midden materials were spread across Feature C (large artifact
scatter) to depths of over a meter below surface, with inverte­
brate remains and ceramics as the primary components.
Charcoal, animal bone and nonceramic artifacts were infre­
quently encountered. Examination of stratigraphic data for
the area surrounding Feature H showed a midden area outside
the overhang, corresponding to substrata Illb and lIIc in BT-
14, BT-l 5 and BT-16, and perhaps BT-IS. Subsurface features
encountered included several firepits and numerous human
burials. The human burials were not excavated; because of
this, the area where concentrated human remains were located
is not well-represented by material remains.

earliest occupation of the site was estimated to have occurred
during the late Pre-Lane Phase, (c. 1800 BP) based on radiocar­
bon and ceramic data (Graves and Moore 1985: 135).
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The remains are in very poor condition (i.e., very
weathered) and have a "chalky" appearance. The possible
upper limb long bone fragments also exhibit a green stain
characteristic of algae, possibly due to being recovered
from the cave.

A small assemblage of adult long bone shafts was
recovered from the surface of Feature A. a cave. These
included a midshaft tibia fragment, and several long bone
fragments, possibly upper limb. Due to the fragmentary
nature of these remains, it cannot be assessed as to whether
they belong to the same individual.

Site 66-04-{)618

One of the eight long bone fragments appears to have
been charred. It is blackened over three-quarters of the
surface but does not exhibit any transverse or diagonal
fractures or warping. This is characteristic of dry bone
burning (Baby 1954:4).

A small assemblage of adult long bone fragments was
recovered from FeatureA. ST-l0, Stratum nib (0.25-0.30 em
below surface). The assemblage consisted of two midshaft
portions of a right ulna, a midshaft portion of a right radius
fragment, and long bone fragments. These appear to be the
remains of a single adult individual, but further age and sex
assessment is not possible.

Site 66-04-0616

Asingleulna shaft fragmentwas recovered fromStratum
IIIc (0.6-1.0 em below surface) in BackhoeTrench IS. This
fragmentappears gracile and therefore,could belong toeither
an adult female or an adolescent.

A small assemblage of adult human remains was
recovered from Stratum lIla in Backhoe Trench IS. The
assemblage consisted of the lamina and spinous process
portion of a cervical vertebra fragment and a midshaft
portion of'a femur fragment. As in the case above, because
of the small nwnber of fragmentary elements, it cannot be
determined whether these remains belong to the same"
individual. The vertebra fragment did not exhibit any
arthritis on the facets.

fragment, was recovered from Stratum Illc (0.10-0.25 cm
below surface) in Backhoe Trench 12. Due to the small
number of fragmentary elements, it cannot be assessed
whether these remains belong to the same individual.

A small assemblage of adult hwnan remains, consisting
of cranial fragments (possibly occipital), and a long bone

HUMAN REMAINS

Site 66-04-0001

Based on stratigraphic, artifactual, and radiocarbon in­
formation from the current project, as well as from the
observations of other researchers, it seems likely that the
earliest occupation of the area occurred approximately 1900
years ago (GravesandMoore 1985:163),andthat the areawas
occupied through the Latte Phase up to historic times. The
current excavations by PHRl represent the flrst systematic
subsurface investigations in the easternportion of Site 6~04-
000I, and tentatively confilJ'TIlGravesandMoore's hypothesis
concerning intrasite variation at Gognga Cove.

This pattern of dates and associated artifactual mate­
rials was also found in PHRI Project 91-1040, the AT&T
Communications Cable Project, located to the south, across
Gun Beach Road (Grant et al. 1992). Site 66-04-0001, a
large prehistoric village site, spans Gun Beach Road and
thus encompasses both the current project area as well as
the project area of Grant et al. Both Pre-Lane and Latte
Phase dates were obtained there, two of which ranged from
approximately 1670-1800 BP (Transitional Pre-Lane).
Three additional determinations were Latte Phase, and
ranged from 625-1045 BP. Again, the earlier dates were
associated with subsurface features from which few diag­
nostic artifacts were retrieved. Ceramics data from by
Grant et al. indicated a Latte Phase context, with volcanic
sand inclusions and thickened rims predominating.

As with the nonhuman bone, the lowrecovery of charred
botanical remains may be attributed in part to the use of 1/4"
mesh screen, which catches only the ~est and least fragile
materials (typically coconut shell and larger wood frag­
ments). However,several bulk soil samples were taken from
subsurface features (Features 7 and 9, for example) or from
areas that appeared charcoal-rich, and these samples also
contained little identifiable charcoal.With charred botanical
remains aswith severalother classes ofmaterials, this eastern
portion of Site 66-04-0001appears tocontainsmallerconcen­
trations of archaeological remains than western areas of the
site, where latte sets were once located.

the paucity of nonhuman bone. The use of 1/4"mesh screen
is probably also amajor factor; small fishbones, for example,
frequently pass through 1/4"mesh and are not collected.
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(d) It must have yielded, or may be likely to yield,
information important in prehistory or history (in­
formation content)

It must embody distinctive characteristics of a type,
period, or method of construction, or represent the
work of a master, or possess high artistic value or
represent a significant and distinguishable entity
whose components may lack individual distinction
(representative examples of site types); or

(b) It must be associated with the lives of persons
significant in the past;

(a) It must be associated with events that made signifi­
cant contributions to broad patterns of history;

General significance assessments and recommended
general treatments for identified sites were' formulated upon
completion of the field work. Significance categories used in
the site evaluation process are based on theNational Register
criteria for evaluation, as outlined in the Code of Federal
Regulations (36 CFR Part 60). Guam Historic Preservation
Office, GHPO, uses these criteria for evaluating cultural
resources. The purpose of the National Register is to list
properties that are .....significant in American history, archi­
tecture, archaeology and culture.r (NHPASec 101 [a][I]).
A property bas significance ifit satisfies each of two catego­
ries comprising the National Register criteria for evaluation
(36 CFR Part 60.4): (1) the site must possess integrity of
location, design, setting, materials, workmanship, feeling,
and association; and (2) it must be characterized by at least
one of the following:

GENERALSIGNDnCANCE
ASSESSMENTS AND RECOMMENDED

GENERAL TREATMENTS

this site retains sufficient integrity to contribute substantially
to an understanding of the spatial relationships within and
between sites. Questions concerning the intrasitedistribution
of features, the associated activities, and the relationships
between these sites and sites with differing feature constella­
tions, artifact assemblages, and environmental associations
canbe addressed by systematic archaeological investigations
in the project area before the sites described above sustain
additional damage.
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Aportion of Site 66-04-000I bas been disturbed by road
construction and the recent introduction offill. Nevertheless,

The remainderof thesites includesurface andsubsurface
scatters of prehistoric ceramics, rock overhangs, and a cave.
These sites are isolated and comparatively small, ranging in
size from 20 m2 to 3,414 m2• No datable samples were
obtained from any of these sites, but the ceramic attributes,
particularly the presence of ceramics with thickened rims
suggests a Lane Phase occupation. The proximity of the five
sites within the current project area, the similarities of their
ceramic assemblages, and their apparent contemporaneous
ages suggest that they are components of an extensive and
complex Lane Phase coastal settlement system. Site 66-04-
0001 appears to be the remains of a permanent coastal
settlement (village),while the remainder of the sites represent (c)
temporary, interminent, or less intensivelyutilized habitation
areas, associatedwith, butperipheral to Site 66-04-0001.This
site distribution pattern is characteristic of coastal and near­
coastal settlements on Guam, and reflects a concentrationof
a full range of activities on the coast and a less-intensiveand
more specialized use of near-coastal areas.

The portion of Site 66-04-0001 within the boundariesof
the current project areahas an approximate area of22,639 ml.
Itis apartially disturbed,stratified prehistoric cultural deposit
containing prehistoric ceramics, marine shell, thermally al­
tered rock., flaked lithics, shell and stone tools, in situ and
disturbed human remains, and the possible remnants of a
disturbed Jatte set. Radiometric analysis of carbon samples
recovered from the site evidence two distinct occupational
groupings, centered around Transitional Pre-Lane and early
to middle Lane Phase.The site is functionally interpreted as
a permanent habitation site. This is based on the abundance
and variety of portable remains present, and on the presence
of human remains and lane elements.

The present project area includes two sites and por­
tions of those prehistoric archaeological sites. One is a
previously recorded site (GHPO Site Number 66-04-0001)
that contains a historic component, and four previously
undocumented sites, which have been subsequently as­
signed GHPO Site Numbers 66-04-0615 through 0618.The
overall extents of Sites 66-04-000 1,66-04-0615 and 66-04-
0616 were not ascertainable but all extend beyond the
southern boundary of the project area.

DISCUSSION
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Further work in the form of a phased Data Recovery
Program (DRP) is recommended for the portion of Site 66-04-
0001 within the project area, as well as Sites 66-04-0615.66-
04-0616, 66-04-0617 and 66-04-0168. The DRP should
include the formulation of anArchaeological Mitigation Plan
(AMP), which would be subject to the approval of the GHPO.
The AMP would be based on the findings of the ongoing
analyses of data recovered during the present survey. Mitiga­
tion recommendations should involve further archaeological
data collection, including some combination of detailed
recording. systematic excavations and monitoring. Excava­
tions should be concentrated in areas where intact cultural
materials were located. Project redesign (avoidance) may be

-

As an important initial step, it is recommended that all
identified sites and features be accurately located and plotted
by professional surveyors. with the aid of an archaeologist, on
an appropriately scaled, accurate topographic map of the
project area. This would greatly aid development planning
and would allow future archaeological investigations (data
collection. data recovery and/or preservation) to be more
accurately evaluated on a site by site basis.

To facilitate management decisions regarding the sub­
sequent treatment of resources, the general significance of
all archaeological remains identified during the survey was
also evaluated in terms of potential scientific research,
interpretive, andlor cultural values (PHRI Cultural Re­
source Management [CRM] value modes). SCientific re­
search value refers to the potential of archaeological
resources for producing informatlon useful in the under­
standing of culture history, past lifeways, and cultural
processes at the local, regional. and interregional levels of
organization. Interpretive value refers to the potential of
archaeological resources for public education and recre­
ation. Cultural value, within the framework for signifi­
cance evaluation used here, refers to the potential of
archaeological resources to contribute to 'the preservation
and promotion of cultural and ethnic identity and values
(See Table A-I for value mode assessments for individual
features).

Subject to approval by the GHPO, the recommended
treatments would not be necessary if all adverse effects could
be avoided. This would require preserving the features and
their immediate surroundings, and ensuring that the features
would be protected from inadvertent, construction-related
activities, vandalism, etc. Such measures could include accu­
rate locational plotting. fencing, periodic monitoring, deed
covenants, andlor the posting of signs. .

These recommendations are based on the assumption
that all features would be adversely affected by the pro­
posed project. Adverse effects include both direct and
indirect effects. Direct effects include actions that would
prohibit future study of a feature, or preclude its preserva­
tion as 3D interpretive exhibit. Indirect effects include
actions such as increasing the potential for vandalism, or
destruction of the setting by modification of the immedi­
ately surrounding terrain.

Site 66-04-0001 is also assessed as significant for infor­
mation value, and in addition. as an excellent example ofasite
type and for cultural value (based on the presence of human
burials). Site 66-04-0001 is recommended for further data
collection. for preservation with interpretive development, and
for preservation "as is" for the burial components of the site:As
for Sites 0016 and 0018. if preservation is not an acceptable
alternative at these features. data recovery is recommended
with special treatment of human remains inaccordance with
applicable Guam statutes and GHPO guidelines. i

- '-Based on the above Federal criteria. twosites (Sites 66-
04-0615 and 66-04-0617) are assessed as significant solely
for information content. Further work, consisting of ar­
chaeological data recovery, is recommended for these sites.
Two sites (Site 66-04-0616 and 66-04-06 18) are assessed as
-significant for information content, and in addition, are
assessed as significant for cultural value due, to the pres-
ence of human remains. Further data collection is recom­
mended for these sites, with preservation "as is"
recommended for tbe portions of the site where human
remains were identified. In the event that preservation is
not an acceptable alternative at these features, data recov­
ery is recommended with special treatment of human
remains in accordance with applicable Guam statutes and
GHPO guidelines.

Sites are also assessed for cultural significance using
guidelines prepared by the Advisory Council on Historic
Preservation (ACHP) entitled "Guidelines for Consideration
of Traditional Cultural Values in Historic Preservation Re­
view" (ACHP 1985). The guidelines define cultural value as
" ...the contribution made by an historic property to an ongo­
ing society or cultural system. A traditional cultural value is
a cultural value that has historical depth" (1985:1). The
guidelines further specify that "[a] property need not have
been in consistent use since antiquity by a cultural system in
order to have traditional cultural value" (1985:7). Table A-9
contains general significance assessments and recommended
general treatments.
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area and are subject to the limitations of such surveys.
There is always the possibility, however remote, that poten­
tially significant, unidentified cultural remains will be
encountered in the course of future archaeological investi­
gations or subsequent development activities. In such
situations, archaeological consultation should be sought
immediately.

It should be noted that the findings and recommenda­
tions presented within this Final Report have been based on
an archaeological inventory survey involving surface and
subsurface examination of the Gun BeachHotel Site project

appropriate if localized concentrations of human burials are
encountered.
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Field Work Tasks: DR - derailed recDrding(scaud drawings. photographs, and wriuen descriptions). SC - sUrfacecollections,
EX - limited excavations.

CulsuralResource Manag~m~nl
ValueModeAsstssment-Narure: R - scientific rtsearch, 1 - interpretive. C - culrural

-Degree: H - high. M - moderate. L - low

.. Pending further claracollection

Tentative CRMV"lue FieldWork
Site Forma! Functional Mode Assess. 'Jasks

Number Fea~ Type Interpretation R I C DR SC EX.
()6...()4...OO)1 A Gun Defensive L H L - - -
()6...()4...00) 1 B Pillbox Defensive L H L - - -
66-04-(XX) 1 C Artifact Scatter Habitation H L H - + +
66-04-(XX)1 D Disturbed Lane Habitation H L L - - +
66-04-(XX)1 E Limestone Alcove Undetermined L L L - - -
66-04-0001 F Rock Overhang Habitation H L L - - +
66-04-(XX)1 G Midden Habitation H L .. - + +
66-04-0001 H Rock Overhang Habitation H L L - + +
66-Q4..(XX) 1 I Concrete Pad Undetermined L L L - - -
(J6.{)4..Q615 A Midden Habitaticn H L L - + +
(J6.{)4..Q61S B Coral Matument Undetermined H L L - - -
66-04-0616 A Rock Ovedlang Habitaticn H L H - + +
(J6.{)4..Q616 B Ceramic Scatter Habitation H L L - + +

66-04-0617 - Dve Habibticn H L L - + +

66-04-0618 A Dve Habibtion M L H - + +
66-04-0618 B Rock Overhang Habitation M L H - + +

SUMl\1ARYOF IDENTIFIED SITES AND FEATURES

TableA-I.

TABLES
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BTNo. Sfnt Depth{bs) Comments

BT-l IDa 0.25 Very darlc grayish brown sandy loam with prehistoric ceramics and marine shell Evidence of
bioturbatioo and possible mechanic:alll'UDC3tiooon surface.

IDb 0.73 Mottled white and brown fine sand with prehistoric ceramics and marine shell EvideDce of
bioturbation.

IDe 1.10 White fine sand with marine shell,
lld 1.35 Blaclc sandy loam with prehistoric ceramics. thennally altered rock and a basin-shaped pit feature

(Feature 7).
IV 1.90 White very fane,culturally sterile sand. BT terminated at known sterile depth.

BT-2 IDa 0.20 Very darlc grayish brown sandy loam with prehistoric ceramics and marine shell Evidence of
bioturbatioo and possible mechanic:altnmcation on sunace.

IDb 0.40 Grayish brown fme sand with prehistoric ceramics. Evidence ofbioturbarion.
IDc 0.50 Dark gray very fine sandy loam with a human burial feature (Feature 3). BT terminated at emergence

of burial.

BT-3 Ia 0.25 White coarse gra\oelfill. Recently deposited.
Ib 0.70 Yell~ coarse gravel fiD. Recendy deposited.
IDa 0.90 Very darlc grayish brown sandy loam with prehistoric ceramics and marine shell Evidence of

bioturbation.
IDb 1.00 Dark grny sandy loam with a human burial feature (Feature 5). BT terminated at emergence ofburial.

BT-4 m 0.25 Verydarlcgrayish brown s:mdy loamwith prehistoric ceramics, marine shelland a human burial feature
(Feature 4). Evidence of bioturbation and possible mechanical truncation on surface, BT
terminated at emergence of burial.

BT-5 Ia 0.20 Yell~ come gmvel fin. Recently deposited.
Ib 0.90 Pinlcishwhite coarse gravel fill. Recently deposited.
Ic 1.10 Very darlcgrnyish brown sandy loam with prehistoric ceramics, marine shell and metal fi'agments.

Probable mechanical disturbulce.
m 1.60 Grayish brown fine sandwith prehistoric ceramics. Evidence of bioturbation.
IV 1.90 White very fme, culturally sterile sand. BT terminated at known sterile depth.

BT-6 rna 0.15 Very.darlc grayish brown sandy loam with prehistoric ceramics, marine shell and a basaJt adze.
Evidence ofbioturbatioo.

llIb 0.22 Grayish brown fmc sand with marine shell and a human bUrial feature (Feature 6), Evidence of
bioturbation. BT terminated at emergence of burial.

BT-7 Ia 0.15 Darlc gray very flne sand with glass, :aluminumcans andmetal fragments. Evidence of bioturbation
and probable mech3nic:aldisturbance.

Ib 0.20 White very fanesandwith gInssandaluminum ClUlS. Evidence ofbionrllation andpossible mecbanieal
disturbance.

m 0.30 Very pale bro.vn very fine sand with a human bone scatter feature (Feature 12). Evidence of
bioturb:ition,mechanical and/or storm disturbance. BT terminated at emergence of bone scatter.

BT-8 I 1.50 Pinkish white, culturnlly sterile, come grnvel and limestone fill, Recently deposited. BT terminated
00 collapse of trench.

BT-9 1 0.25 Grayisb brown very fine sand with marine shell, glass, metal fragmentS,tin and aluminum cans and
butchered nonhuman bone.

IV 1.50 White, culturally sterile very fane sand.. BT terminated inkna.vn sterile soil.

SUMl\1ARYOF BACKHOE TRENCH STRATIGRAPHY - Site 66-04-0001

TableA-2.
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BTNo. Strat Deptb(bs) Comments

BT-IO Ia 0.15 Verypale bro.vn veryfine sandwith marine sbell, glass, plastic, metal fragmeots and tin and altmioum
ClInS. Evidence of modem disturbance.

Ib 030 White very fme sandwith marine shell and glass hgmeuts. Probable storm deposit.
Ie 0.39 Black very fme sandy loam wilh marine shell and ~ nonhuman bone. Possible historic "A"

horizon.
IV 1.80 White, cultur:llly sterile very fme sand.BT terminated in Jcnown sterile soil.

BT-ll 1a 0.23 Very darlc grayish trownsandy loam with glass and met1l fragments. Probable modem disturbmce.
Ib 1.10 Dark brown sandy loam with prehistoric ceramics, nonhuman booe, glass bottles tin and aluminum

C3QS, and a historic trash pit (Feal\R )0). Evidence of bionmuion and probal:ie mechanical
disturb:mce.

IV 1.60 White, cuJtur:lllysterile very fme sand. BT tenniu3ted in known sterile soil.

BT-12 I 0.80 Pinkish white coarse gra~l mi. Recently deposited.
rna 1.00 Very darlc grayish brown sandy loam with prehistoric ceramics and marine'shelL Evidence of

bioturbation and probable mecbanicalllUlCatioo.
IIIb 1.15 Grayisb brown sandy loam with a human bone SQucr feature (Fc:lture 11).Evidence ofbioturbDtion

and probable mechanical disturb:mce. BT tennin:lled at emergence of bone scatter.

BT-13 Ia 0.20 Very darlc grayish bro.vn sandy loam with prehistoric ceramics, marine shell and glass fragments.
Evidence ofbioturbDtion and probable mechanical trunc:ltion on surface.

Ib 0.30 White medium sand with murine shell and plastic. Evidence ofbiotumuioo and storm disturbance.
m 0.45 Black sandy loam with prehistoric ceramics andmarine shell Evidence ofbioturbarioo.
IVa 0.75 White, cultur:llly sterile coarse sand and gravel.
!Vb 1.80 Very pale bro.vn, cultur3lly sterile very fine sand. BT termillll1cdin knoNn sterile soil.

DT-I'" I 0.50 Mottled white and very darlc grayish brown sandy loam with prehistoric ceramics, marine shell and
tbenn31ly altered roele.Evidence of bioturbation and probable mechanical disturbance.

BT-IS rna 0.25 Black sandy loam with prehistoric cernmics, marine sbell, thermally altered rock and bum:m bone
fragments. Evidence ofbioMbation.

Illb 0.65 Very pale bro.m fme sand with prehistoric ceramics andmarine shell. Evidence ofbioturbarioo.
Ulc 1.00 Dark yellowish l:rown fine sandwith prehistoric ceramics, marine shell and human booc fragments.

Evidence ofbioturbatioo.
IV 2.225 White, cultur.\lJysterile very fme sand. Evidence ofbioturbatioo. BT terminated on bedrock.

BT-I6 rna 0.40 Very darlc grayish brown with prehistoric ceramics, marine shell and a large basin-shaped pit fealUre
(Fe3l1lre2). Evidence of bioturbation.

UIb 0.90 Dark yellawish brown fine sand with marine shell and a tridacna adze. Evidence of bioturbation.
mc 0.75 Reddish yell"'" fine s:md with :J. human burial feal\R (Feature l), Evidence of bioturbation. BT

terminated at emergence of burial.

BT·17 rna 0.30 Very darlc grayish bn7.vn sandy loam with prehistoric ceramics and marine shell Evidence of
bioturbation.

Illb 0.70 Brown fme sandwith marine shell Evidence ofbionrilation.
IV 1.70 White, cullUr.1llysterile very flne sand. Evidence of bioturbation. BT terminated in 1cna.vn sterile soil.

BT-18 rna 0.25 Very darlc grayish brown sandyloam with prehistoric ceramics and marine shell. Evidence of massive
bioturbation.

IIIb 0.65 Very pale t:ro.vn fme sand with marine shell. Evidence ofbioturbatioo.
IV 1.80 White, cultur.\lIysterile fme sand. Evidence ofbioturbatioo. BT terminated in laJa.¥n stenle soil.

BT-19 Void

Table A-2. (cont.)
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BTNo. Strat Dcpth(bs) Comments

BT-20 illa 0.15 Very dark grayish bn7.w sandy loam with prehistoric ceramics and marine shell Evidence of
bioturbation.

illb 0.37 Very pale bn:7.vn fUle sand with prehistoric ceramics and marine shell. Evidence ofbiOC\rlJaljOll.
illc 0.40 Reddish yellow fIDe sand with dense human bone scatter feature (Feature ~). BT lerminated at

emergence ofbone scatter.

BT-21 I 0.50 Very pale bn:7.vn coarse sand and gravel with modem glass fiagmcnts. Evidence of mechanical
disturbance by earthmoving activities in vicinity of Feanre D.

illa 0.70 Vay da."k grayish brown s:mdy loam with prehistoric ceramics, marine shell, thermally altered rock
ani stone tools. Evidence of bioturbation.

UIb 1.00 Grayish brown fine sand with prehistoric ceramics, marine shell, stone tools and basin-shaped pit
feature (Feature 9). Evidence ofbioturbariOll.

IV 2.05 While, culnnlly stenle very fmc sand. BT terminated inknown stenle soil.

BT·22 Ia 0.30 Pinkish white coarse gravel fiU.Recently deposited.
Ib 0.50 Gray fmc silt. Possibledrainage sediment.
Ie 0.60 Very dark grayish bn7.w sandy loam with prehistoric ceramics and glass fragments. Probable

mechanical disturbance.
Id 0.70 While fmc sand. Probable storm deposit.
ill 1.15 Verydarlc: grayishbn7.w sandyloamwith prehistoricceramics, marine shelland stone tools.Evidence

of bioturbation.
IV 1.65 While, culturally sterile very fmc s:md.BT terminated in lcna.vn sterile soil.

BT-23 I 0.60 Pinldsh white coarse gravel fill. Recently deposited.
Illa 0.75 Very dark grayish brown sandy loam with prehistoric ceramics and thermally altered rock.Evidence

of bioturbation and possible mechanical diswrbance.
llib 1.0 Grayisb brown fme sandwith prehistoric ceramics. Evidence of bioturbation.
IV 1.80 While culnnlly sterile very fmc sand. BT terminated in lcna.vn sterile soil.

Table A-2. (cont.)
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• ColibrtJleJ according to Sruiver OIIdPtano" (/986). ROIIgeat twoJipltU.

PI1RI Beta C-14 Age C-13/ C-13 Adj. ·CaJendric
Lab No. LabNo. Provenience Yrs. B.P. C-t2 C-14Age Range
RC- BETA- (one Sigma) RJltio Yrs.B.P. Yrs.A.D.

2154 S1348 BT-16, Fea. C-2, Str.ltum rna, 0.7Smbs, Aee. No. 20 11()(}j:1S0 -16.1 1610::150 2~660

2158 S1349 ST-5,Fea. H, Str.lt1mlrna,O.3Smbs.Aee. No.6 530:i:60 -2S.3 530%60 1290-1450

PHRI Geocron C-14 Age C-t31 C-13 Adj. ·CaJendric
Lab No. Lab No. Provenience Yrs. B.P. C-12 C-14 Age Range
RC- GX- (one Sigma) RAtio Yrs. B.P. Yrs.A.D.

2155 11666 Fe:ltureC-2, Str:ltum rna, 0.10 mbs, Ace. No. 44 370::110 -25.2 370::110 1322-1341
1390-1680
1739-1805
Iga3-1954

2156 17667 BT-I, Fea. C-7. Stratum mil. l.l~I.3S mbs.Aec, No. 45 1925:1:115 -25.2 1915:1:115 190BC-380

2157 17668 BT-14. Fea. C. Stratum rna, 0.35-O.5S mbs, Ace. No. 58 700:1:105 -25.8 690:1:1OS 11~1430

StJrvUdARYOF RADIOCARBON AGEDETERl\flNATIONS - Site 66-04-0001

TableA-4.

Fea. BT Stratum Formal Type Function

1 16 me Pit Human Burial
2 16 rna Basin-Sh:Iped Pit Fire-Pit
3 2 me Pit Human Burial
4 4 m Scattered Human Remains Human Bone Scatter
S 3 Illb Pit Human Burial
6 6 IDb Pit Hwnan Burial
7 1 md Basin-Shaped Pit Fire-Pit
8 20 me Pit Human Burial
9 21 Illb Basin-Shaped Pit Unkna.vn Function
10 11 lb Basin-Shaped Pit Historic Trash Pit
11 12 Illb Scattered Human Remains Human Bone Scatter
12 7 m Scattered Human Remains Human Bone Scatter

StJrvUdARYOF SOn. FEATURES - SITE 66-04-0001

TableA-3.
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• Total number of samples = 36:
••UbiLJuityis calculated by dividing the number of samples inwhich a given taxon is idendfied by the total
number of samples from the project area. Minimum ubiquity value"" 36/1, or 2.B.

Identification n· Ubiquity"

Gastropods
Strombidae - -

Strombus g. gibbosus 9 25.0%
Cerithidae - -

Cerithium noduJosum 1 2.8%
Clypeomorus bitillariaeformis 1 2.8%

Conidae 3 8.3%
Cymatidae - -

Charonia tritonis 1 2.8%
Cypraeidae 1 2.8%
Turbinidae - -

Turbo setosus 11 30.6%
Trochidae 1 2.8%

Tectus pyramis 1 2.8%
Trochus niloticus 1 2.8%

Unknown Gastropod 2 5.6%

Bivalves - -
Terebridae 2 5.6%
Mytilidae - -

Modiolus auriculatus 2 5.6%
Tellinidae 6 16.6%
Tellina scobinata 2 5.6%
Tellina palatum 6 16.6%
Veneridae 2 5.6%

Gafrarium pectinatum 10 27.8%
Psammodiidae - -

Asaphis sp. 2 5.6%
lsognomonidae 2 5.6%
Spondylidae 1 2.8%
Tridacnidae 1 2.8%
Mactridae - -

Atactodea striata 1 2.8%
Unknown Bivalve 3 8.3%

Unidentifiable Shell 2 5.6%
Melampidae - -

Pythia scarabaeus 2 5.6%
Acharinidae - -

Achatina fulica I 2.8%

UBIQUlTYVALUES FOR INVERTEBRATE REMAINS

TableA-7.
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•• ORE.. outer reefflat: RM= reef margin;RFS...reeffront slope: IT- Intertidal;RF= rufflat; LG-Iagoon; MG­
mangroveflau: Rk- rock:Sn» sand: SnI Rbea sand and rubble; Sg= seagrass meadows;Md- mud.

• FromSmith. Barry
J 986 Reef ifl\lertebmteharvesting. Pp. 22-67. (Tableon p. 73)IN Fishing on Guam, by S.Amesbury, F. Cushing.

and R.. Sakamoto. Guide to the Coastal Resources of Guam Yolo3. University of Guam Marine Lab
Contribution No. 225.

Scientific Name (Common Name) Ch:amorro Name Habltat-

Polyplacophonl(Chitons)
Family Chitonidae

Aamthopleura gemmata taguJa IT(RK)
Gastropoda (snails)

Family Trochidae (topshells)
Trochus niloticus alileng ,QRF, RM, RFS
Tectus pyramis RM. RFS

Family Turbinidae (turban shells)
Turbo argyrostomus aliIeng RM
Turbo setosus alileng RM

Family Neritidae (nerites)
Nerita plicata IT (RIc)
Nerita polita IT (RIc)

Family Strombidae (conchs)
Strombus gibberulus dc'gas RF(Sn)
Strombus luhuanus do'gas dankolo RF. LG (Sn)
Lambis chiragra RF. RFS
Lambis lambis toru RF (SnlRh)
Lambis truncata RFS (Sn)

Family Vasidae (vase shells)
Vasum turbinellus RF (SnlRb)

Bivalvia (clams and mussels)
Family Mytilidae (mussels)

Modiolus auriculatus LG (Sg)
Family Chamidae

Chama spp. RFILG (RIc)
Family Lucinidae

Crena bel/a LG (sg), RF (Sn)
Codakia punctata RF(SnJRb)

Family Cardiidae (cockles)
Fragum fragum RF (Sn). LG (Sg)

Family Tridacnidae (giant clams)
Tridacna maxima hima RM, RFS
Tridacnasquamosa hima RM. RFS

Family Telllnidae
Quidnipagus (Tellina) palatum RFILG (Sg)
Scutarcopagia scobinata LG (Sg), RF (Sn)

Family Psamobiidae
Asaphis violascens pa'gang IT(SnI Rb)

Family Veneridae
Gafrarium pectinatum LO (Sg), RF (Sn)
Gafrarium tumidum MO(Md)

SHELLS HARVESTED ON GUAM

TnbleA-8.
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Ruommended General Treatments:
FDC=Funher data collectionn«~ (furthersurvey and testing,and possibly~q~nt daUl ~colII!!ry/m;dgarionexca\Iarions):
NFW-No further work 0/any kind necessary, sufficient data collected; arrha~ological clearance recommended; no preservation

potential (possible inclusion into landscaping suggested/or consideration):
PID- Preservationwithsome levt.lo/interp~dv~ ckvelDpmentrecommended(inc/udjngappropriatereillJ~ddasa ~covery work);and
PAl- Preservation -as is, - withnofunher work (andpossible inclu.sioninto landscaping),or minitnllifurtht.rdasa collection'MCt.SSlJr1.

General Significance Categories:
A "Important/or in/ormation conltmt,furth~r data collection n~c~s:sary(CRMvaluemode assessment - scientific ~searrh value);
X=lmportantfor in/ormationconltnt, nofurther data eotucno« MCts.Sl1ry(CRMvaluemock assessmen: - scientific researrhvalqt):
B - Excellent example ofsit« type at local, ~gion. island.State, orNational level (CR.""valuemode assessment - imerpretiv« valu~):
C-Culturally significant (CRM value mock assessmem - cultura! value).

A-11

+
+

+
+

66-04-0615
66-04-0617

Recommended Treatment
FDC NFW PID PAl

Signific:mce C:ategory
A X B C

Site
Number

SUMl\IIARYOF GENERAL SIGNIFICANCE ASSESSMENTS
ANDRECOMMENDED GENERAL TREATMENTS

TableA-9.
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- See FIgure Co:
;: See Figure C-J
• Codes may be added as unforeseen characteristics are observed. (For prehistoric ceramics, material type= J 078: condition:
classificanon=not applicable at this time: description type= 1117 [1fI!ormalj) .

Variable Name Code Variable Variable Name Code Variable

24. SHERD TYPE: 100 Indeterminate ".HCL TIF Pos. Of nec. reaction with dilute HCL
101 Body sherd
102 Transitional sherd 45.- 170
102 Rim sherd 171
• 172

109 Other 173
174

25.- 110-119
46. THICKENING 175 Rim too eroded to determine

26. INCLUSIONS' 120 None 176 . IUr:n thick=ed
121 Non-while inclusioll$ 177 Rim nOI thickened
122 Sbell mgmenu 171
123 Rounded white clasu 179
124 Sberd ml:Dlenu ~0J:)
125 121&. 122 48.RIM STANCE;' 180 Undetermined
126 121 &; 123 181 lavened
127 121 .t 124 182 Everted
128 122 &; 123 183 Vertical
129 122 It 124 184 Fl~iSI'outc:urvin£
130 123 &. 124 185 Horizonw

186 Pendant
139 Other 187

188 lncurving
27. SIZE SORTING:+ 140 No c1asu present 189 Other

141 WeU-soned. coarse
142 Well-soned. medium 49-50. RIM SHAPES: 200 Undetermined
143 Well-soned. fine 201 Simp'le (nol thickened)
144 Pocrly-sorted, eoarse (R:corded for 2,0: Tlucir::enee
14! Poorly-so:ted, medium iarencr and 203
14€ Poorly-sorted, fine exterior of rim) 2~ Complex thickenint

20S
149 20~

Other
209 Other

• Z!!.'Y.P.-:C:"USIONS:- ISO Absent 210-249
lSI LD~' (I-I~~)
IS: Mode::lI: (11-30-4) st. RIM EDGE FORM:' ZSO Undelerminet!
153 Abuncilnt ~>30",;', 25! Roune

25:
IS~ OOe~ 2S3 Convex

:!$.t Concave-, H..:;,p.D~"ESS, 160 lndet::'%ruIlate 2~.! POtnte:J.
161 Scratehed by l fingem.ill 2St- FlatICnee
161 Sa:llch" by an iron nail
1(:3 Scr.u.-:hcd by gllSS 159 Other
16-: Scratched by a steel nail
16~ Sc.":Iteh~d by t3tb0n steel

16c Othe:

CERAMIC CODINGFORMAT
INDIGENOUS (pREHl5I'ORIC) ARTIFAcr5
PREHISTORIC CERAMIC CODING KEY

B-))077-020492



Figure B-2 RIM EDGEA.ND RIM STANCE DIAGRA.J.f

RIMSTAHct

182 182 182
I

184 183 188 181 181 18~

25c

.- ,.. -.. .
,. • ~ • _.._ .. A- lii!.. ~ ~

: : :
: .

253 :'SL ....:=~

CERAMle CODE. Rill EDGE

-- .
Figure B-1. ClAST SIZE SORTING DIAGRAM

,"OORLTSOIl'Tm

COARSE (OwIOl 2 ... III•• ' 110)1\111(tl11 ,. 2 •• 41•• 1 • FINE I.", tl11 ....... 1

WELL SOIn'Ul

1077·020492 APlHnDixB B-2



78. MODIFlCATION;See Universal Modificatioa Codes

79. LOCATIO"- See 67-77

Variable Name Code Variable

62-64. APPLICATION: 370 None
371 LiIne plast~
372 Limonite coating
373 Lime-filled suiations or impressions
374 Painted
•

399 Other

65-66.. CAJlBON~ 400 None
401 "Thin film
402 <lmm
403 1mm or thicker

0409 Other

67-77. LOCATION: 0450 Body interior
451 Body exterior
452 Body interior IDd exterior
"'53 Ponioa of sherd
454 Entiresherd
"'55 Tnnsition
456 Rim wlenor
457 Rim exterior
458 Rim cd!:e
•

470 Other

369 Other

338 Mal impressed
339 Cord IIlarked
340 Ne: impressed
:_l4: Fio~ Imp. (Ic:sVC1. rwi£s" SCCI!!. ett:.\
)4~ Punctate
343 Sumoec
344 Fmg~~impressions
345 Fmgerr.ail iml'l'eSSlQIl!
346 Tanic impressIOn!

,
, 59-61. IMPRESSION:
i,,

330 Non~
33: Artuate
332 ScmIcimliar
333 Clfl:Ular
334 Corucaj
:BS Hemisphcric~
D6 CylindrIC:&!
33'" PlDCbec!

59·61. NPR.ESS10~;

329 Other
•

55-58. STRIATIONS: 300 NODe
301 Sin!:le liDe
302 Multiple lines
303 Fine l<3mm aest to crest)
304 Medium (>3mm - 6mm crest to aut)
)05 Coarse (>6mm c:n:st to crest)
)06 ReeuJarly spaced
)07 lmeuJarly spaced
30B Uniform (refcn to line size and shape)
309 Non-uniform (men III !iDe sW:& shape)
310 Panllel
311 Non-panllc!
312 Conrinuous pallCm (all 1ines :In: parallel)
313 Non-cooMuo\lS (liDes at iUll:les)

Variable Name Code Variable

53·S4. FINlSH: 260 Undetermined
261 Eroded
262 Roueh
263 Smooth
264 TexlURd
265 Polished
266 Clay slJp
267 Lime slip
•

279 Other
280-299

1077-020492



ACT
AM.
APS
APU
CY1'
CYS
CCM
CCC
CCA
CCI
CCU
CCL
MUR
MDS
MDR
MDCi
MDM
MMS
MMD
MTS
MTB
TMS
TMM
NAS
NSS
nJR
ns
1TV
TAS
ruB
VVS
vvr
FAS
FLS
FLP
}J"r'
AYS
Me
PL.A
PPS
PPU
PYR
PYS
PYU
PON
PAr
PCS
PCP.
PAr
MEL
MEf
MIT
MlS
MlC
MlP
NEB
SiP
SIS
TRO
ruM
1VV
rue
TBS
TBP
TRO
TRM
TR..'-:

ActeoDldac 11800
AcIeon sp .... .__ ._ .... 11810
Pupa $p•• ..__ •__ 11820
P\apa soliduJa __ ....;__ ._ .._._. 11821

Cypracldac 11900
Cyprxa $p. ..__ ... 11910
Cypraea moneu __ 11911
Cypraea erosI ._._ 11912
Cyprxa capuucrpeutis ._" __ ".,,_ .•_,, 11913
Cyprxa isabela "__ "__ ''''''_'_ 1191"
Cyp~ea lIIDulus ..__ .. 1191S
Cypraca ~ __ ....... _. _ .. 11916

Muricldac 12100Drup, $p. .. •__.. 12110
Drupa ricinus .• •__ .. 12111
Drupa rrossubrU ..__ . 12112
Drupa morum __ .__ ••__ 12113
Murex sp.. _._ 12120
Cbico~us bnut.Dew _ .._..._ 12121
ThaIs $p.• • •__ .._.. 12130
Thais buro _ _ 12131
Morula sp. _. __ . . _ 12140
Morula awpriticola __._ ..._.__.._ ..__ 12141
NasR !p ._._ _ 12150
NISA seN . _._ 12151

TurblDldu 12200'TUrbo sp . ._._ _ .. 12: I 0
Turbo selOsus . ....... _._ __ 12211
A.nra.ea Stellm: _ ..._._...__ _... 12213

TurblocUidac 12300Vasum!p. __ .__. ...._ 12310
Vasum turbincUus ..._._ ...._ ...._.__ _.12311

Fasdtllariidae 12400
Latinu sp ... __ _._ _.12410
Larirus polyeooll! __ ._ 12411
Atyidat 12500

Atys SJ:. __ __ .. _ .. _ _ 12510
A~s CO:1lUtl _.__ .._ _ 12511

Pllouldae 12600
Pl=S ~ _....__._ ..._ _.._12610
p~~s suI:arus ._. ._ _ 12611

Pyramidellidae 12700
Pyr:Lnudc:1a sp ........_. __ ._ 12710
P'yr.i.mIaeta sclC3ta ~ 12711
O!op!eura nodJC:InOI3 .. _ 12721

Patellidac 1280C
Cellam sp._ __ ~_ __ 12810
Cclia.ru nd.J..at:: _ .. _ 1:811
Patelu fleJ:UO~ _ ••~ 1282(l

Melampidat 12900
Mel:unpus flavw _ _ 1291(1

Mirridlt 1300(1
Mirn SUc:tlca .. _ _ 130I0
Mun c:rel'lUta.'UIt. _ 130II
Mun pauperc:ula " .._ 13013
NebuJ:letl $p _ .._ _._ .._ 13020

SlphoDaridae 13000
Slpboruna $p. __ .._. __ ._.._ .... _..._.. 13110

Trocidae i3200
Umboruum sp. __ _ _ .._ __. 13: I 0
Umboruum vestWum _._.~_ 13211
Umboruum alSWUID ~ ._ .._._ .. 13212
Basil.!ss.a $p.... _ ....... _ _.._ 13220
Tc:ctus pynm!5 _. ._ ~._ 13231
Trochus sp. __ 13240
Trocbus tnacuWw ••_. ..__ 13241
Trochus nilOtlCU! __ • 13242

SIll
SCiS
Soo
SSM
SSL
SSU
SSA
sse
SSN
SI.S
SLC
SUO
CER
CCS
CCN
CCR
CCY
CCB
OS
CRF
CHS
CCA
CCV
BUe
BUS
BCU
CON
CSP
CCE
COE
COS
COw.
CO:­
CCC
COP
COF
COV
NAT
}-''PS
NPM
NPF
"''"PT
tiNS
NNG
C:YM
CYS
CYS
CYM
C.o\S
CCI'
NER
NES
}-.'SA
NCP
}-''PL
m'S
}-'7U
NCS
NCO
NET
h"IT

GAS

Strombldae 11100SlrOmbus $p...... .. ._ 11110
SlrOmbus &ibberulusribbosus __ ._ .._._ 11111
Strombus mutabilis _ __ 11121
SlrOmbus lubllallus _ _ __ 11122
SlrOmbus II1'CI:US _ _ __ • 11123
SlrOmbus labiarus __ 11124
SlrOmbus c:anarium _ _.._.__ 11125
SlrOmbus lenti~OSIIS _ .._.._ 11126
L.ambis sp __ ._ _..__ 11130
Lamb!s chinen ..--._ .._ .._..__...__ 11131
Lambis Iambis 11132

Ceritbiidae 11200
CenllUum $p _ .•_ .._ _ 11210
Cerithium DOduJosum _.__ 11211
Cerithium roS1r.IIUID __ _ .. __ 11213
Clypeomonu $p _ _ 11220
Clypeomonu blfasciarus _ __ 11221
Rhinoclavl$ $p _ _ _ 11230
Rhlnocla\1s fasciata _ 11231
RlunoclaVl.SsinensIS _ 11232
Rhlnoclavts aspc:~ _ 11233
RJunoclavlS veMagus _ __ 11234

Bu~cloldat 11300
Cmlharus $p ~ _ _ 11310
Cmlharus Wldosus __ 11311

Conidae 11400
Conus Si-' _ _ 11410
Conus ebraeua _ _•.~ _. 11411
CODIU ebumeus _ _ 1141~
Conu:. sponS3.i!~ _ _ 1141;
ConI:.! Ini.e~ _ " _ 11414
Conur lesS'~alUS "" ~ __ _.._ .. 1141~
COUIU enalceus _..~ _ _ 11416
Con~ :ou!.;a."l:!.! _.~ _ _ 11417
Conus ing)(ius _ _ _ 1141S
Conus V1t'.ilinu.:; _ .. " _._ 11419

Saritidac 11500
Pohruce~ SJ: _ _ _ .. 11S 10
Pchruces mc:la.'loStOmU!. ~.~ _ 11S I I
Poiuuces fie:run~mus _ t 151:
P(I!I."'oI;:s =j(j~ .~., _ _._ II S I ~
Satl~ S? _ •._ _" II 5:W
~an::J ~Ien:ul.i _ !1S11

Cymalidat' 11600
Cym:IIIWT'. s;:- .., ~ _ _. 11610
Cymanwr. rucDbancure _ 11611
Cyma:llun InUTlCI.DII..-n __ 1161::
Charorua ~ ~..•~ _.. 11620
Cltarorua 1:'l101U! .. ~._oc. ~ 1161!

~eriridu 11700
Nen~ se _.11:10
Nc:nta a.!bi~illa _ _.. 11711
Nc.nta piic:ltl _ 1171:
Nenla plano5ptn .._ _ _._. 11713
Nenta SI"",1a ~ __ 11714
Nerita WlC:ltO _ _ _._ 1171 S
Cl:thon sp ~ _ .._ 11720
Cl.ithoo OIW:uUCnsIS __ ._ _._. 11721
Ncntina $p _ .._ __ • 11730
Ncritina tu.";t2 _ _.._ _.__ . 11731

MARINE GASTROPODS

ORDER: OASTROPODA 10000

FAMILY:

APPENDIXC

SHELL CODING FORMAT

C-J
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UDS
CRU
CRU

Unideaurubi: She!.: ._._ .. __ _ 30000
EciunOIWl _ _ <10000
CrustaCea .. ._ _ __ Soooo

MlSC1:LLANtOVS

"'"Mea:
EPS
EYS
BU
BES
BYB
BYB
HEL
I..NS
LAA
LAf
UT
LYM
CHl

LlnorallTetTHfrial CUtTOpocU &000<:
Mdampidac 6{)lOV

Pyt."IU $;" _ _ ~.~~ ~.. 60 i I (J
Pythu sa."2~=U!. ..-.H._._..,.~ 6O! I •
Oiea:U\I~ _.._ ~_•.~ ~ •.6{)::OO
Ene13lld!n1 sp _._._ _ 60210
En.:13llw rosu "._._.._._.__.~",602 I 'I

Brad)'bullidac 69300
'Hehco~styl1 $;I _._ ~ 6l)~ Ie
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IV. PHYSICAL DESCRIPfION
A. General Description

Potential development along the coast is most likely to impact the shallow reef areas
nearby. The reef flat is generally surveyed in detail because of its proximity to shoreline
development and because of the diversity and quantity of reef organisms in the area. Zones
funher offshore (from the reef margin seaward) tend to be impacted only when development is
uncontrolled or extends into the reef zone. This report therefore describes in detail conditions
existing only on the reef flat

The area fronting Gun Beach in Tumon includes a sandy beach, a narrow intertidal
zone, reef flat, reef margin, reef front and slope (Figure 1). The beach is approximately 45 feet
(ft.) wide from vegetation to MLLW, with a fairly steep slope of 20 percent (Sea Engineering
Services, 1980). It is composed of well sorted medium to coarse calcareous sand with coral
rubble, gravel and foraminiferan tests. Running along the beach is a narrow (approximately 20
ft. wide) intertidal zone primarily composed of beach sand with small amounts of rubble. No
corals and few organisms of any kind exist in this zone.

UI. USESOF THE AREA
Gun Beach is a popular area for local residents as well as visitors. Beachgoers use the

beach for picnics and occasional campouts. The waters are used by fishermen, reef walkers,
swimmers and snorkelers during high tides and by divers who may use the cable channel for easy
entry into the deeper waters past the reef margin. Many people traverse the area to reach Fafai
Beach which is immediately north of Gun Beach.

U. LOCATION
Gun Beach is located on the west coast of Guam in the northern tip of Tumon Bay

(Figure 1). The reef surveyed for this report is bounded on the west by the reef front and the
Pacific Ocean, on the east by Gun Beach, on the south by the Australian telecommunications
cable and on the north by Bijia Point

Environmental Baseline Survey
Gun BelCh Tuman. Guam
OclOberl992

I. PURPOSE
The purpose of this repon is to provide a current survey of the environmental conditions

on the reef flat fronting the proposed Gun Beach Hotel in Tumon. An Environmental Baseline
Survey (EBS) includes data on existing water quality, currents and flora and fauna observed in
the area. Projects planned for coastal areas generally require an Environmental Impact
Assessment once project designs are available. At that time expected impacts and 'mitigation
measures become an integral part of the report.
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The wider channel near Bijia Point seems to be an extension of the inner reef
flat as it rounds Bijia Point. It has similar depth and bottom substrate as the rest of the nearshore
portion of the inner reef flat. This channel is 15 to 30 ft. wide and approximately three feet deep.
The seaward portion of the channel has large numbers of corals and other reef organisms. In
addition, numerous small boulders sit on the substrate.

The reef flat is approximately 350 ft. wide from MLLW to the reef margin. It
contains two physiographic zones. the inner reef flat and outer reef flat, The inner reef flat is
subtidal and has few corals or other organisms. The outer reef flat is mostly emergent during low
tides and is primarily an algal zone. Corals are generally limited to depressions in the reef rock
pavement. These depressions and the corresponding abundance of corals increase in quantity,
size and diversity as the outer reef flat approaches the reef margin.

A shallow man-made cable channel runs along the southern boundary of the project
site. A second naturally fanned channel runs along the northern boundary of the site along Bijia
Point. Both of these channels are similar in depth and substrate to the inner reef flat and are
therefore included in the description of that physiographic zone. The areas past the reef flat (reef
margin and seaward) are not included in this survey.

B. Zonation
1. Inner Reef Flat and Channels

The inner reef flat (Figure 1) is approximately 100 ft. wide and runs along the
beach turning seaward as it approaches Bijia Point. It then becomes a wide. shallow channel that
exits the reef front. The inner reef flat is subtidal even during low-low tides. Its bottom surface
is composed of hard reef rock pavement with a thick layer of sand. Moving seaward towards the
outer reef flat, the sand progressively thins to a veneer (less than 1/4 inch) of sand overlying the
reef rock pavement. Depressions filled with small rubble. gravel and sand are scattered
throughout the area. Topography is irregular with numerous small boulders that have detached
from deeper waters and washed into this area during large storms. Most corals occurring in this
zone live on these boulders.

Two channels begin in the inner reef flat and extend across the outer reef flat
past the reef margin. The cable channel is a narrow (approximately six feet wide) channel that
runs straight out to the reef margin and down the reef slope. The depth of the substrate is the
same as throughout the inner reef flat. that is. it is approximately three feet deep during MLLW
and submerged even during low tides. The substrate is also similar to that throughout the
nearshore ponion of the inner reef flat with thick sand and small rubble or gravel overlaying
hard reef rock pavement. The sides of the channel are irregular vertical rock walls with small
concavities.

EnYlronmenral Baseline Survey
Gun Beach Tumon. Guam
October 1992
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The inner reef flat grades into the shallower outer reef flat with irregular cuts
(Figure 1) in some areas while in other areas a more gradual merging is typical. These cuts give
these areas the appearance of a ragged edge between the inner and outer reef flats. Where these
cuts occur they have deeper inner reef flat substrate (deep sand and gravel), surrounded on three
sides by the shallower hard reef rock pavement of the outer reef flat

2. Outer ReefFlat
The outer reef flat is approximately 250 ft. wide and is distinguished by its

thick mats of algae and generally emergent nature during low tides. Topography is irregular
because of the presence of numerous large and small depressions in the reef pavement. These
depressions become larger and more numerous in the seaward ponion of the outer reef flat and
are typically one to two feet deeper than the surrounding substrate. Because of the position of
these depressions near the reef margin, they are wave-washed even during the lowest tides. No
boulders exist in the area because the strong currents and large waves tend to move them into the
deeper inner reef flat during storms,

The substrate in areas that are emergent during low tides is hard reef rock
pavement mostly covered with thick mats of algae. The substrate in depressions is primarily
sand, gravel and small rubble overlying pavement. The mats of algae do not extend into these
depressions but are present in the shallower areas between them.

C. Water Quality
1. SurveyMethod

Four stations (Stations 1-4) were surveyed for water quality (Figure 2).
Parameters tested were turbidity (NTIJ) and suspended solids (mg/l). Water was collected from
just below the surface and analyzed in the laboratory. Samples were taken during a low
incoming tide on September 24, 1992 and a high outgoing tide on September 29, 1992.

2. Results
Water in the vicinity of Gun Beach is rated as M-2 (Good) by the Guam

Environmental Protection Agency. Water quality results from two field trips are compiled in
Table 1 in the Appendix. Turbidity ranged from a low of 1.14 NTIJ at Station 3 to a high of
12.50 NTU at the same station. Suspended solids ranged from a low of 2.4 mg/l at Station I to
18.5 mg/l at Station 4.

D. Currents
1. SurveyMethod

Current velocity and direction were measured at four stations on the reef flat
(Figure 2). A small drift drogue was placed in the water and allowed to drift with the current.
The amount of time it took the drogue to drift a prescribed distance (generally five meters) and
the direction were noted. Velocity was calculated using the distance and time data.

EnvllOnmenlal Baseline Survey
Gun BelIChTumon. Guam
QclOberl992



Figure 1. Diagram of project area showing physiographic reef zones, the cable, channel
exiting the reef near BijiaPoint and Gun Beach.
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v. BIOLOGICAL DESCRIPTION
A. General Description

1. Inner ReefFlat and Channels
In general, the inner reef flat contains a lower diversity and quantity of corals.

macroinvertebrates and algae than on the outer reef flat Diversity and quantity of each group
increases substantially in the seaward portion of the channel near Bijia Point and to a lesser
extent in the seaward portion of the cable channel. The sea cucumber HoJotburia JeucospiloJais
the only abundant organism throughout this zone.

Corals were. in general. rare and small throughout the zone. Most coral
colonies were observed growing on the sides of small boulders. This is particularly true in the
nearshore portion where the substrate consists of thick sand. However. corals were
comparatively quite diverse and abundant in the seaward portion of the channel near Bijia Point.
This area also supports the largest colonies in the zone as a whole.

Fish diversity is higher in the inner reef flat because this area is deep enough
to support fish even during low tides. The greatest abundance and diversity of fish in this zone
were observed in the seaward portion of the channel near Bijia Point.

2. Results
Currents were generally slow and direction was extremely variable during

both tides surveyed (Table 2 in Appendix). The average velocity was 7 cm/s, with Station 3 (the
seaward part of the channel during an outgoing tide) having the highest average velocity (17
cm/s). Current direction was extremely variable at all stations on both days (the only exception
was Station 3 on 9/29/92, the same station with the highest velocity).

Because of the meandering currents, a number of measurements were not
included either because velocity was too low or the direction changed so radically that there was
no discernible current, For instance, current direction at the same station taken only minutes
apart varied by as much as 120degrees (fable 2 in Appendix).

These results indicate that currents in the general area are not strong during
most days. The only distinct current on .the days when sampling occurred was during an
outgoing tide at Station 3 which is located in the seaward portion of the channel before it exits
the reef flat It is important to note, however, that currents in the area are known to be extremely
dangerous at unpredictable times of year and during high storm wave assault Large quantities of
water enter and exit the reef through the two channels causing strong currents. Although these
results did not show this. more intense sampling would eventually give more definitive results.

Environmental Baseline Survey
Gun Beach Tumon. Guam
October 1992
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2. Outer ReefFlat
Most of the shoreward portion of the outer reef flat is emergent during low­

low tides. limiting the types of organisms living in the area. In general. the emergent area is an
algal zone. This emergent portion of the outer reef flat is covered with thick mats of algae
(Boodlea cornposita, Gelidiella acerosjs and Gelidjopsjs jntricata interspersed with other species)
and numerous brittle stars which make up the bulk of macroinvertebrates.

Numerous depressions pit the outer reef flat and are filled with sand. gravel
and rubble. These depressions contain most of the corals and other organisms that were observed
throughout the outer reef flat zone. The abundance and size of these depressions increases
substantially on the seaward portion of the outer reef flat as it merges with the reef margin.

Most marine organisms require submergence for survival and growth. The
increased abundance of depressions supplies habitat for marine organisms not able to tolerate
conditions on the emergent portions of the reef flat. Corals in particular increase substantially in
abundance. size of colony and diversity of species in these depressions in the seaward portion of
the outer reef flat. In fact, although some small encrusting corals may be present. no corals were
actually observed growing on the emergent portion of the outer reef flat during either of the two
field trips to the area. In addition, although fish were scattered throughout the zone during high
tide. they were limited to the depressions during low tide.

B. Survey Method
Two half-day field trips were made to the project site. All coral. fish. algae and

macroinvertebrate species were identified and relative abundance noted on an underwater
notepad. Algae species that could not be identified in the field were brought back to the
laboratory and identified. Difficult species were identified with the help of Roy Tsuda. PhD.

C. Results
1. Algae

Sixteen species of algae were observed on the reef flat fronting Gun Beach
(Table 3 in Appendix). Twelve species were observed on the inner reef flat and sixteen were
observed on the outer reef flat The most abundant species in both areas were unidentified
diatoms and foraminiferans (which also make up a portion of the beach sand). Cladophora
fascicularis, Hydrolithon rejnboldii,1anii capjIJaceaeand PeysonelJiaJ:IlIn were also corrunon in
both areas. Valonia aeiairopila, a fleshy green algae, was abundant in some of the larger
depressions on the outer reef flat

Both surveys were conducted during the wet season in September 1992.
Because the abundance and diversity of algae changes seasonally, a more complete baseline
relative to algae would include surveys spanning different seasons.

EnvlI'Onmenlai Baseline Survey
Gun Beach Tumon. Guam
October 1992
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Psammocora obtusan~ulata is the most abundant coral throughout the inner
and outer reef flat zones. It also forms some of the largest colonies, particularly in Subzones A,
B and C. Porites ~ also forms large colonies in subzones B and D. Leptastrea purpurea is a
small (generally less than two inches in diameter) encrusting species observed in all subzones
and common in Subzones A and B.

3. Macroinvertebrates
A list of macroinvenebrate species is compiled in Table 5 in the Appendix.

Six species of sea cucumbers were observed on the inner reef flat while five species were
observed on the outer reef flat. The most common species on the inner reef flat was Holotburia
leucospiJota and, in localized areas, Stichopus chloronotus. On the outer reef flat, ActinQPy~a
echinites was the most common species though A. mauritiana was common on the seaward
portion of the outer reef flat (Subzone D).

Sea urchins were generally uncommon in both reef zones as was the only
starfish species observed. Linckia laeyi~ata. During low tide. two unidentified brittle star species
were abundant throughout the emergent portions of the outer reef flat. Cyprea moneta (money
cowry) and an unidentified small mussel were also common throughout the outer reef flat.

4. Fish
A total of 42 species were observed on the reef flat (Table 6 in Appendix).

Thirty nine were observed in the inner reef flat and 27 in the outer reef flat. Two species were

2. Corals
A total of 18 coral species were observed at the project site (Table 4 in

Appendix). Because coral abundance and diversity were appreciably higher in the seaward
portion of the channel near Bijia Point (Figure 2) as well as in the seaward ponion of the outer
reef flat, the two physiographic zones (inner and outer reef flat) were subdivided into four coral
subzones. For the purposes of this report, the inner reef flat is divided into: Subzone A - the
inner reef flat which includes the cable channel and the nearshore portions of the channel near
Bijia Point; and Subzone B - the seaward portion of the channel near Bijia Point The outer reef
flat is divided into; Subzone C • the nearshore portion of the outer reef flat; and Subzone D - the
seaward portion of the outer reef flat.

Subzones B and D contain the highest diversity of corals at the project site.
These two subzones each contain 12 coral species, while Subzones A and C contain 7 and 10
coral species, respectively. Subzones B and D also contained the largest colonies as well as the
greatest overall quantity of corals. Both of these subzones are located close to the reef margin
where coral diversity and quantity typically increase. Even during low tides, waves wash across
this area which keeps corals submerged in cool water and increases the availability of oxygen
and food.

Environmental Baseline Sun'ey
Gun Beach TumoR. Guam
OclOberl992
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D. Endangered Species
No threatened or endangered species were observed on the reef flat fronting Gun

Beach. In the past, sea tunIes (Chelonia roydas and Eretmochelys imbricata) have beenknown to
swim outside the reef just north of Tumon Bay; however, no tunIe nests have been observed in
the vicinity (Gerald Davis, unpublished report),

Environmental Baseline Survey
Gun Beach Tumon.Ciuam
October 1992

abundant in schools, MylJoides flayolineatys (goatfish) and Si~anys spinus (rabbitfish). Three
other species were abundant primarily on the outer reef flat during high tide: ChQ'siptera ~Iayca;
Halichoeres trimaculatys; and Rbioecantbys trioste~us. The most abundant species overall were
wrasses (at least ten species) and damselfish (seven species).

In general, fish are abundant throughout the reef flat during high tide but are
limited to the depressions in the outer reef flat and the inner reef flat zone during low tide. The
greatest abundance of fish were observed in the channel near Bijia point during low as well as
high tide.
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Figure 2. Diagram of project area showing coral subzones and water monitoring
stations. CSZ refers to coral subzones. Water monitoring stations are
labeled 1, 2, 3 and 4.
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STATION TIDE TURBIDITY SUSPENDED
(NTU) SOLIDS (mg/l)

9/24/92
1 Low incoming 1.90 2.4
2 Low incoming 1.62 8.5
3 Low incoming 12.50 18.5
4 Low incoming 4.25 8.6

9/29/92
1 High outgoing 1.39 5.4
2 High outgoing 1.56 8.6
3 High outgoing 1.14 8.4
4 High outgoing 1.31 18.2

Water quality measurements on the reef flat fronting Gun Beach. Samples were
taken from four stations on two dates in September, 1992. Samples were tested for
turbidity (NTU) and suspended solids (mg/l). See Figure 2 for location of stations.

Table 1.



• current too slow or meandering for accurate measurement,

STATION DATEffIME DIRECTION VELOCITY
(Degrees) (m/s)

1 9(24/92 3:21 220 .07
1 9(24/92 3:26 200 .13
1 9(24/92 3:28 190 .07

2 9(24/92 3:32 270 .07
2 9(24/92 3:35 120 .07
2 9(24/92 3:37 190 .10

3 9(24/92 3:50 070 .03
3 9(24/92 3:53 120 .03
3 9(24/92 3:59 • •
3 9(24/92 4:04 130 .04

4 9(24/92 3:42 170 .05
4 9/24/92 3:45 150 .04
4 9/24/92 3:48 230 .05

1 9/29/92 11:45 • •
1 9(29/92 11:50 330 .04
1 9/29/92 11:55 210 .02

2 9(29/92 12:00 060 .04
2 9/29/92 12:04 • •
2 9/29/92 12:07 280 .10

3 9/29/92 12:13 090 .17
3 9/29/92 12:14 090 .19
3 9/29/92 12:15 090 .14

4 9/29/92 12:20 270 .08
4 9/29/92 12:22 • •
4 9/29/92 12:24 290 .03

Current velocity and direction on the reef flat fronting Gun Beach. See Figure 2
for location of stations. The tide was low incoming on 9(24/92 and high outgoing
on 9/29/92.

Table 2.



SPECIES ZONE 1 ZONE 2

Boodlea cornposita U A
ChloTodesrnis fasri~ata R R
Cladophora fascicularis A C
Foraminiferan tests A A
Gala2SilUrami1[~nilla U

GelidjeUil ilcerosjs U C
GelidjQpsjs intricata U C
Hydrolithon reinboldii C C
.!a.na capillacea C A
MaSlCpbc[a sp. C

NecgcnidilhCn fnuescens U
Peyscnellia !ll.bm C C
PQtQljrbcn onkodes U C
Valonia aee;awpila R C
Unidentified blue-green algae A

RELATIVE ABUNDANCE
A = Abundant
C = Common
U = Uncommon
R = Rare

Relative abundance of algae on the reef flat fronting Gun Beach. See Figure 1 for
location of physiographic reef zones 1 and 2.

ZONE 1 = Inner reef flat
ZONE 2 = Outer reef flat

Table 3.



CORAL SPECIES CORAL ZONES

A B C 0

Acropora nasuta R U
A. surculosa U
A.~ C
A. species (purple) R R
Qs:mia.sDl:a.~1ifQrmis R R R R

HeJiopora c()Crulea. R
Leptasttea. PJlIllurea. C C R R
pavona decussata R R
f. diyflI'ica.ta R
P,u~iI1QPQmgami'Qmis R C

f.da.nG R R C
f. veIDlcQsa R C
PQrites~ R
f. australiensis U U
f. ,:x:liositi'l R R

RELATIVE ABUNDANCE
A = Abundant
C = Conunon
U = Uncommon
R = Rare

ZONE 1 = INNER REEF FLAT
A = Inner reef flat including the cable and

nearshore channel areas.
B = Outer portion of the channel.

ZONE 2 = OUTER REEF FLAT
C = Emergent (nearshore portion) of outer reef flat.
D = Seaward portion of the outer reef flat.

Relative abundance of corals on the reef flat fronting Gun Beach. See Figure 1
for location of physiographic reef Zones1 and 2 and Figure 2 for coral Subzones
A. B, C, and D.

Table 4.
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1514

1210127Total Species per coral subzone
Total Species per reef zone
Total Species overall

CORAL SPECIES CORAL ZONES

A B C D-

e.~ C u C
e.DJi c U R R
e:iilmmQ~QrnQlm.lsiiDfDJ1illil c C U A

Table 4 continued.



Note: ... Species observed 10 channel only.
......Species observed only in seaward portion of outer reef flat.

SPECIES ZONEl ZONE 2

SEA CUCUMBERS
ActinQPy&aechjoites U C
A. mauritiana c--
Bohadschjam R*
Holothuria 11m U R
H. leucospilota A U
Stichopus chioroootus C R
SYDIlPEilDI,ull1l R

SEA URCHINS
Echjoothrix diadema R'" U
Echjnotbrix mathaei U'" U

SEA STARS
Linckia laeyjpta R*

BRITTLE STARS
Unidentified brown species A
Unidentified striped species C

MISCELLANEOUS
Yellow sponge U
Gray sponge U
Palythoa tuberculosa U......
Cy:preamoneta C
Unidentified small mussel C

.

RELATIVE ABUNDANCE
A = Abundant
C = Common
U ::z Uncommon
R ::z Rare

Table S. Relative abundance of macroinvenebrates on the reef flat fronting Gun Beach.
See Figure 1 for location of physiographic reef zones.

ZONE 1 = Inner reef flat
ZONE 2 = Outer reef flat



INNER REEF OUTER REEF
SCIENTIFIC NAME

FLAT ZONE FLAT ZONE

SYNODONTIDAE (Lizardfishes)
Synodus sp. U

BELONIDAE (Needlefishes)
Stron~lura .in&Wl U

FISTULARIIDAE (Cometfishes)
Fjsrularia commersonii U

SERRANIDAE (Groupers)
EpinepheJus m U U

APOGONIDAE (Cardinalfishes)
Apogon nozemfasciatus C U

NEMIPTERIDAE (Breams)
Scolopsjs lineatus C C

MULLIDAE (Goarfishes)
Mullojdes flavolineatus A/S U
Parupeneus barberinus C
e,muJrifasciatus U C

Relative abundance of fish observed on the reef flat fronting Gun Beach. See
Figure 1 for location of physiographic reef zones.

Relative Abundance
A = Abundant
A/S = Abundant in School
C = Common
U = Uncommon

Table 6.



cBLENNEIDAE (Blennies)
IstibJennius sp.

c
u

u
u

SCARIDAE (Parrotfishes)
ScaTUssordidus
Scarns sp.

u
u

u
U
A
U

u
u
u
U
A
U
U
U
U
U

LABRIDAE (Wrasses)
ChejJjnus undulatus
CheiliQ inennis
.Q:ull variegata
HaJichoeres houulans
H. trimaculatus
Hernigymnus melapterus
Macropbatyn &<>donmeleagriS
Stethojulis bandanensjs
Tbalassorna bardwjckii
Unidentified wrasse

u
c
c

c
c

A

uc
u
c
u

POMACENTRIDAE (Damselfishes)
Abudefduf septemfasciatus
Chtysjptera Jeucopoma '
c,Klauca
Dascyl1us aruanus
PQrnacenttusWQ
Stegastes albifasciatus
SteKastes sp.

c
u

u
c
c

CHAETODONTIDAE (Butterflyfishes)
Chaetodon auriKa
c.. cjtrineUus

c..lunula

OUTER REEF

FLAT ZONE

INNER REEF

FLAT ZONE
SCIENTIFIC NAME

Table 6 continued.
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2739Total Species per Zone

Total Species Overall

INNER REEF OUTER REEF
SCIENTIFIC NAME

FLAT ZONE FLAT ZONE

Salarias fasciatus C U

GOBIIDAE (Gobies)
Unidentified goby U

ACANTIWRIDAE (Surgeonfishes)
AcantbuDls triosteiUs C A
NB.s2 JiteraJUs U

ZACLIDAE (Moorish Idol)
Zanclus cornutus C C

SIGNAIDAE (Rabbitfisb)
Sieanus spinus A/S A/S

BALISTIDAE (Triggerfishes)
Rbjnecambus aculeatus C U

TETRAODONTIDAE (Puffers)
Arotbmn bjspjdus U
& nieropunctarus U
Cantbieaster soJandri U

Table 6 continued.
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Along each transect, coral cover, species composition, diversity and colony size distribution were
measured using the point-quarter method, by determining the identity and size of the coral
colonies encountered at eacb of 64 (16X4) points (cf. Birkeland & Lucas, 1990). Bottom cover
was measured using 10 replicate 0.25 m2 stringed quadrats, placed along the transect line at 5 m
intervals, by recording cover under each of the 16 string intercepts. Macroinvenebrate abundance
was measured along a 50 X 2 m belt transect, by counting all larger (> 5 em) invertebrates
(mostly echinoderms) encountered in the open as well as in crevices and under overhangs (d.
Amesbury et al. 1993 for methods). These surveys, with the exception of fish diversity count
reported separately, were designed to evaluate community structure and composition by
quantitatively determining the abundance of dominant species; they were not designed for
enumerating the total diversity of the fauna.

Quantitative surveys of the reef communities were made at three sites. At each site, surveys were
carried out along single 50 m long transect lines laid along each of three depth contours: 2m, 8m,
and 16m. The resulting 9 areas sampled are identified as "locations" below. The three sites were
located as follows: Site 1) near field: transect extending 20-70 m north of the AT & T cable path;
Site 2) far field: transect extending 50-100 m south of the AT & T cable path; and Site 3) control:
transect extending ca. 375-425 m south of the AT & T cable path (Figure 1).

METHODS
The coral community of the Gun Beach fore reef varies both across as well as along isobaths.
The most significant patchiness along isobaths is the occurrence of locally high coral cover in
areas dominated by Porites TUS. The location and extent of these Porites TUS communities were
mapped by towing an observer behind the boat along the 4m, 8m, 12m, and 16m isobaths, with
the margins of these communities marked by buoys, and mapped by triangulation.

INTRODUCTION
The coastal area at Gun Beach is comprised of a sandy beach front and a lOOm+wide, low
intertidal to shallow subtidal reef flat that is dominated by a lightly dissected reef pavement, and is
largely devoid of loose sediments. The reef flat lacks a well developed reef crest and gives way to
the fore reef in a zone with poorly developed spur and groove. On the basis of geomorphology
and coral communities, the fore reef can be divided into 3 major zones: 1) a shallow reef front, to
a depth of 2-4 m, 2) a relatively flat, even reef terrace between J..15m, and 3) a steeper deep reef
slope starting around 15m depth and r.ontinuing to considerably greater depths. These three
zones were surveyed in the vicinity of the AT&T cable, to provide baseline data on the reef and
marine communities of the area.

Gustav Paulay, Scott Bauman, and Linda Ward
University of Guam Marine Laboratory

by

CORAL COMMUNITIES, MACROINVERTEBRATES AND BOTTOM COVER ON
THE FORE REEF AT GUN BEACH



Between 9 and 22 species of coral were encountered per transect (64 points), yielding a total of
49 species among the 576 points surveyed (Tables 1, 3). The shallowest locations tended to have

The deepest (l6 m) locations were all situated at the stan of the deep reef slope, past the seaward
margin of the terrace. Porites rus is corrunon in this area along the entire shoreline towed, but
does not usually reach as high cover as it does in the areas of the reef terrace that it dominates.
Bottom cover is dominated by algae (36-71%), with corals forming moderate cover (13-20%).
At sites 1 and 2 Porites rus dominated (96-97% of total coral cover) (Figure 3), and sponges
(mostly Terpios hoshinota; Table 2) were also abundant (31-33% bottom cover)(Figure 2).
There is a strong correlation between the abundance of P. rus and sponges among the nine
locations (Figure 6). Leptastrea purpurea and several Porites species were among the most
common other corals at all three deep sites (Figures 3. 4. Table 1). The abundance of large P. rus
is quite evident in the colony size data from sites 1 and 2 (Figure 5).

At 8 m there is considerably variation among sites. due mainly to the presence of extensive
Porites rus stands at site 3. and, especially. at site 2. In these stands, corals (largely Porites rus,
Figure 3) (33-51%), and sponges (largely Terpios boshinota, Table 2) (24-30%) dominate cover.
At Site 1. turf algae dominate and two species, Leptastrea purpurea and Porites lobata,
contribute over two thirds of the 15% coral cover (Figures 2, 3, 4). The considerable abundance
of large corals at sites 2 and 3, but not 1 (Figure 5) is due to the abundance of large (0.5-2.5 m)
P. rus colonies.

The three shallow locations are similarly dominated by turf algae, with coralline algae abundant
(28-34%), coral cover moderate (6-17%), and sponges rare «2%). The dominant coral species
vary somewhat among the three sites (Figure 3, 4, Table 1), although Galaxeafascicularis,
Goniastrea retiformis, Leptoria phrygia, and Stylocoeniella armata are corrunon at all. Acropora
was rare even at this depth. although several Acropora species are abundant on the shallowest
reef front « 1m). Coral colony size is generally small at 2 m (Figure 5).

As revealed by the tow surveys, Porites rus is generally common along the seaward edge of the
terrace, at least for several hundred meters both north and south of the AT & T cable path. All
three 16 m locations fell in zones of moderate to great P. rus abundance (Figure 3). Porites rus
dominated reefs extend onto the terrace in a large patch starting ca. 20 m to the south of the cable
path and continuing for considerable distance to the south (Figure 1). The 8 m transects at sites 2
and 3 were in these communities, and the shallowest transect at Site 3 also had moderate P. rus
cover (Figure 3). The boundaries of this P. rus community (Figure 1) are abrupt at some
locations, but more gradual and thus subjective at others.

RESULTS
Bottom cover and corals
The whole of the fore reef is dominated by hard substrata, with sand and rubble constituting < 5%
cover at all but one location (Site 2, 16m: 9%) (Figure 2). Turf algae, coralline algae, corals, and
sponges (mostly the "coral killer sponge", Terpios hoshinota; dominate cover, their relative
abundance apparently dependent mostly on 1) depth and 2) location of extensive Porites rus
stands.



Amesbury. S. S.•Tsuda. R. T.; Randall. R.R; Kerr. A. M.; Smith. B. 1993. Biological
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Rutzler, K.; Muzik, K. 1993. Terpios hoshinota. a new cyanobacteriosponge threatening Pacific
reefs. Scientia Marina 57:395-403.

LITERATURE CITED

DISCUSSION AND CONCLUSIONS
Much of the outer reef at Gun Beach is fairly typical for Guam, with low to moderate coral cover.
typical depth related coral zonation. and common echinoids and holothurians. The presence of
extensive stands of Porites rus in such a fore reef setting. with correspondingly high coral cover is
less widespread. On Guam. such dense P. rus stands are usually encountered in more protected.
inner reef environments, such as Apra Harbor and the Piti Bombholes, although they also occur at
some fore reef sites. In contrast to surrounding coral communities. P. ru.s stands are less diverse
in their coral fauna. perhaps because 1) this coral excludes others by its high cover. and 2)
because of the correlated high abundance of the sponge Terpios hoshinota, which can rapidly
overgrow and kill corals (Figure 6. Placer-Rosario, 1988; RUtz!er&Muzik, 1993). Porites ru.s
however contributes considerably to the topographic relief of the reef. as it makes colonies several
meters high with abundant crevices. This allows for the development of a rich invertebrate
cryptofauna observable on night dives in this area. Fish abundance also may be correlated with
this topographic complexity. and the highest fish abundance was observed at Site 2. also the area
of the most extensive P. rus stands (see Amesbury, below).

Actinopyga mauritiana is a characteristic inhabitants of reef fronts and occurred at a population
density of 0.22-0.34 m·2 at the three shallowest locations; it was absent in the transects at all
deeper locations (Figure 8). All the other common species preferred the shallowest locations also
(Figures 9-12). Incontrast the economically important holothurian Holothuria nobilis was
encountered only within the deepest transects (Figure 13).

Macroinvertebrate abundance
A total of 26 macroinvertebrate (> 5 em) species were encountered within the 900 m2 surveyed.
Of these, the holothurians Actinopyga mauritiana, Stichopus chloronotus, and the ecbinoids
Echinometra mathaei (species comrlex), Echinostrephus aciculatus Echinothrix diadema
occurred most commonly (> 0.1 m' population densities at least at one location; Table 4, Figures
8-13).

the greatest species richness (Figure 7), although this may be due inpan to the relative rarity of P.
rus there, a coral which dominated many of the deeper sites.
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Figure 6 - Regression between the abundance ofPorites rus
and Terpios hoshinota based on quadrat data for the 9
transects. The left-most two points include two
transects each.
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Figure 7•Coral species richness based on point qUartersurvey.
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Figure - 8 • Population density of holothurian Actinopyga
mauritiana based on 100 m2 area surveyed.
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Figure • 9 - Population density of holothurian Stichopus
chloronotus based on 100 m2 area surveyed.
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Figure - 10 - Population density of echinoid Echinometra
mathaei (species complex) based on 100 m2 area
surveyed.
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Figure - 11 - Population density of echinoid Echinothrix
diadema based on 100 m2 area surveyed.
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Figure - 12 - Population density of echinoid Echinostrephus
aciculatus based on 100 m2 area surveyed.
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Figure- 13 • Population density of holothurian Holothuria
nobilis based on 100 m2 area surveyed.
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Table 1 • Species specific coral colony size, cover, and
abundance based on point quarter survey.

Total .... Number of Mlan colony
o.te Site Depth Specl•• occuplad (cmZ) colonl_ ..... (cm2)
11.14.94 1 2m Acanthastrea echlnata 22 1 22
11.14.94 1 2m Acropora humilis 8.2 1 8.2
11.14.94 1 2m FaviB matheJl 31.0223125 3 10.341
11.14.94 1 2m FaviB ,teRIgBra 124.874625 4 31.219
11.14.94 1 2m GllJaJcea fasclculwls 323.8671875 9 35.996
11.1~.94 1 2m Gonlast18a I8t/lormis 200.6633125 11 18.242
11.14.94 1 2m Leptastl8a puerpera 17.47459375 2 8.7373
11.14.94 1 2m Leptatrea trsnsverss 3.9 1 3.9
11.14.94 1 2m Leptorla phryg/a 188.0973125 5 37.619
11.14.94 1 2m Mlllepora platyphylla 15.7 1 15.7
11.14.94 1 2m Pavona dutln:lflnl 92.67425 4 23.169
11.14.94 1 2m Platygyra pin! 51 1 51
11.14.94 1 2m PocIHoporasp(p). 9.0318125 3 3.0106
11.14.94 1 2m Pocillopora mesndrlna 6.3 1 6.3
11.14.94 1 2m Pocillopora verrucosa 37.7 1 37.7
11.14.94 1 2m Porites /Jchen 29.84425 3 9.9481
11.14.94 1 2m Porites Iobats 289.803375 2 144.9
11.14.94 1 2m Porites rus 106 1 106
11.14.94 1 2m Psammocora cant/gua 89.9254375 4 22.481
11.14.94 1 2m styIocoenle/la armata 23.56125 6 3.9269

11.25.94 18m AstrBopora IIsteri 40.8395 5 8.1679
11.25.94 18m Astfflopora sp. 0.4 1 0.4
11.25.94 18m Favia mstthsll 21.205125 3 7.0684
11.25.94 18m Gonlsstrea 9dwarrJsl 48.10421875 2 24.052
11.25.94 , 8 m Leptsstrea puerpera 379.53246875 32 11.86
11.25.94 , am MHkfporatu~sa 9.4 1 9.4
11.25.94 18m Montipora grlsea 69.898375 3 23.299
11.25.94 18m Mont/pora venosa 12.6 1 12.6
11.25.94 18m Pavona varlans 32.98575 2 16.493
11.25.94 18m Pocil/opora sp(p). 1.2 1 1.2
11.25.94 18m Porites lobals 431.5635625 6 71.927
11.25.94 18m Porites lutea 75.396 3 25.132
11.25.94 18m Porlte. rus 9.4 1 9.4
11.25.94 1 8m Porites sp(P). 2.55246875 2 1.2762
11.25.94 18m Pssmmocora contlgua 6.3 1 6.3

11.14.94 1 16m Acanthsstrsa echlnata 70.7 1 70.7
11.14.94 1 16m Favia matheJl 40.8395 3 13.613
11.14.94 1 16m Galaxsa facicularls 40.8395 2 20.42
11.14.94 1 16m Gonlsstres pectlnats 43.981 2 21.991
11.14.94 1 16m Hellopora coeru/es 148.4 1 148.4
11.14.94 116m Leptastl8. puerpera 61.25925 8 7.6574
11.14.94 116m Pavon. varians 2.4 1 2.4
11.14.94 116m PocJJloporasp(p). 7.1 1 7.1
11.14.94 116m Porites lobata 236.397875 7 33.771
11.14.94 116m Porites rus 20596.459375 34 605.78
11.14.94 116m Porites sp(P). 120.94775 3 40.316
11.14.94 116m Styiocoenllllls armata 4.1 1 4.1



11.16.94 22m Favia matthalJ 7.1 1 7.1
11.16.94 22m Favia stslligera 38.8760625 2 19.438
11.16.94 22m FavitsB russs/O 28.3 1 28.3
11.16.94 22m GaJaxsa fasclcu/arls 795.584875 16 49.724
11.16.94 22m Goniastl'Ba I'Btitorm/s 21.40146875 2 10.701
11.16.94 22m Gonlopora frutJccsa 44.766375 2 22.383
11.16.94 22m Lllptastl'Ba pusrpera 37.698 2 18.849
11.16.94 22m LBptBStrBatransversa 3.9 1 3.9
11.16.94 22m Lsptona phrygl. 4.7 1 4.7
11.16.94 22m Mont.tra. curta 6.3 1 6.3
11.16.94 22m Montlpora sp(P). 12.566 2 6.283
11.16.94 22m Pavona dusrdBnl 36.912625 2 18.456
11.16.94 22m Pavona 'lBlians 67.54225 3 22.514
11.16.94 22m PIatygyra plnl 27.5 1 27.5
11.16.94 22m Paclllopora WltrUCOSB 27.5 1 27.5
11.16.94 22m Porltss annBS 23.6 1 23.6
11.16.94 22m Pomn lichsn 730.98n8125 13 56.23
11.16.94 22m Porites tus 410.751125 6 68.459
11.16.94 22m Psammocora contJgua 48.69325 2 24.347
11.16.94 22m StyIocoenlslla annstll 17.27825 3 5.7594
11.16.94 22m Stylophora morrJax 56.6 1 56.6

11.25.94 28m Al'lBopora sp. 23.6 1 23.6
11.25.94 28m Echlnopora /amelloBa 18.8 1 18.B
11.25.94 28m Faillamatthall 4.7 1 4.7
11.25.94 28m Galaxea fssclcu/arls 4.7 1 4.7
11.25.94 28m Gonlopora frutlcosa 6.3 1 6.3
11.25.94 28m Leptatl'Ba puerpera 23.6 1 23.6
11.25.94 28m Poc/JIoporaWltrUCOSB 67.54225 2 33.nl
11.25.94 28m Porites lobsta 4.7 1 4.7
11.25.94 28m Porites rus 207920.1n5 53 3923
11.25.94 28m StyIocoeniella annsts 3.1415 2 1.5708

11.16.94 216m Failla matths/I 151.5n375 9 16.842
11.16.94 216m Galusa fasciculsris 15.7 1 15.7
11.16.94 216m Leptastl'Ba puerpera 153.148125 8 19.144
11.16.94 216m Lsptastrea transversa 14.1 1 14.1
11.16.94 216m PocJllopora sp(p). 3.926875 2 1.9634
11.16.94 216m Porites Iobsta 471.6176875 8 58.952
11.16.94 216m Porites rus 24526.475875 31 791.18
11.16.94 216m Porites (Synarasa) sp. 1 4.7 1 4.7
11.16.94 216m Stylocoen/ells annsta 3.5341875 2 1.7671

11.29.94 32m Acropora surcu/osa 150.006625 4 37.502
11.29.94 32m Favia stelllgsra 47.907875 2 23.954
11.29.94 32m GaJaxsa fBScicu/arls 393.472875 10 39.347
11.29.94 32m Gonlsstr8a rstlform/s 100.528 5 20.106
11.29.94 32m LBptastrsa pusrpsra 6.3 1 6.3
11.29.94 32m Leptona phryg/a 2996.991 6 499.5
11.29.94 32m Montlpora gnssa 94.245 2 47.123
11.29.94 32m Mont/pora sp(P). 51.049375 4 12.762
11.29.94 32m Pavona varians 14.1 1 14.1
11.29.94 32m Platypyra daeds/sa 44 1 44



11.29.94 32m Platygyra pin/ 113.094 2 56.547
11.29.94 32m Pocillopora sp(p). 5.9 1 5.9
11.29.94 32m Porites rus 2245.387125 7 320.77
11.29.94 32m Porites superfusa 27.68446875 6 4.6141
11.29.94 32m Psammocof'B cont/gua 69 1 69
11.29.94 32m StyIocoen/ella armata 27.0954375 11 2.4632

11.28.94 38m Favia matlhall 3.926875 3 1.309
11.28.94 38m Fa'lit.s russelH 28.2735 2 14.137
11.28.94 38m Gonlopora frut/cosa 6.283 2 3.1415
11.28.94 38m HfllIopora co.rulea 4.7 1 4.7

, 11.28.94 38m Leptastl8a puerpera 9.4 1 9.4
11.28.94 38m Mont/pora sp(P). 4.7 1 4.7
11.28.94 38m Platygyra plnl 25.132 2 12.566
11.28.94 38m Porieesanlla. 2605.088875 3 868.36
11.28.94 3 am Poriessaustraliensis 2039.6 1 2039.6
11.28.94 38m Poritrls lichen 2018.8064375 25 80.752
11.28.94 38m Pot#t.s /obsta 73.039875 5 14.608
11.28.94 38m Porites rus 32235.716875 16 2014.7
11.28.94 38m Porites sp(P). 1.6 1 1.6

11.28.94 3 16 m Astrlopora Ilst.1f 34.5565 2 17.278
11.28.94 3 16 m AstreoQora myriophthalms 34.5565 2 17.278
11.28.94 316m Astropora Ostelf 11.8 1 11.8
11.28.94 3 16 m CyphastrBa sflraJlla 3.9 1 3.9
11.28.94 316m Favia matlhall 29.84425 3 9.9481
11.28.94 3 16 m Favia stfllllgflf'B 0.8 1 0.8
11.28.94 3 16 m Fa'lites russell I 11.8 1 11.8
11.28.94 3 16 m Fungla granulosa 5.9 1 5.9
11.28.94 3 16 m Leptastraa puerpera 122.1258125 12 10.177
11.28.94 3 16 m Mont/para vefTUcosa 4.7 1 4.7
11.28.94 3 16 m PocIIIopora sp(p). 4.7 1 4.7
11.28.94 316 m PocIIIopora V8rrucosa 4.7 1 4.7
11.28.94 316m PocIUopora verrucosa 14.13675 2 7.0684
11.28.94 3 16 m Porites annae 265.45675 2 132.73
11.28.94 2 16 m Porites australiensis 47.907875 2 23.954
11.28.94 3 16 m PoritfiS lichen 128.016125 4 32.004
11.28.94 3 16 m Porites lobata 119.7696875 9 13.308
11.28.94 3 16 m POritfis rus 344.779625 8 43.097
11.28.94 3 16 m Porites sp(P). 29.058875 3 9.6863
11.28.94 316m Psammocora profundacellE 2.4 1 2.4
11.28.94 316m StyIocoen/fllla armata 10.209875 3 3.4033
11.28.94 3 16 m Fungla (Vflrrlilofungiaj sp. 7.1 , 7.1



Date 11.13.94 11..25.94 11.13.94 11.16.94 11.25.94 11.16.94 11.29.94 11.2B.94 11.2B.94
Site 1 1 1 2 2 2 3 3 3
Depth 2m Bm 16m 2m 8m 16m 2m am 16m
Porlfera Total 0 0.632811 30.81761 1.888782 30 33.12102 0.625 24.375 5.625
Terpios hosh/nota 0 0 30.18868 a 30 28.66242 a 21.875 1.875
blueencrust sponge 0 0 0.628931 a 0 a 0 0 0
encrusting sponge 0 0.632911 0 1.886792 a 4.458599 0.625 2.5 3.75
Sand 0 0.832811 0 0.628831 0 8.280255 1.25 5 4.375
Rubble 0 0 0 0.628831 0 0.836943 1.25 0 0
Rock 0 2.531648 1.888782 0.628831 12.5 0 0 1.25 0
Coralline Total 33.33333 6.862025 13.8364828.30188 0.625 2.547771 33.75 6.25 6.25
Coralline encrusting 29.55975 5.696203 8.805031 21.38365 0.625 2.54m1 27.5 5 6.25
Coralline branch 3.n3585 1.2658235.031447 6.918239 0 0 6.25 1.25 0
other alg.. Total 6O.3n36 74.68354 38.36478 54.08805 6.25 35.66878 46.25 30.625 70.625
Turf 59.74843 74.68354 34.59119 53.45912 6.25 30.57325 43.75 27.5 65.625
Halimeda 0 0 3.144654 0 0 5.095541 0.625 1.875 5
Dictyota 0.628931 0 0.628931 0.628931 0 0 0 0 0
Padina 0 0 0 0 0 0 0 1.25 0
Mastophora 0 0 a 0 0 0 1.875 0 0
Corals Total 6.289308 14.55696 15.08434 13.83648 50.625 18.74522 16.875 32.5 13.125
Pocillopora sp(p). 0 0 0 0.628931 0 0.636943 0 0 0
Montipora sp(p). 1257862 0 0 0.628931 0 0 0 0 0
Astrsopora sp(p). 0 0.632911 0 0 0 0 0.625 0 0
Pornes rus 0 1.898734 15.09434 1.886792 48.75 17.83439 0 21.875 3.75
Porites massive 0 0.632911 0 0 1.875 1.273885 0 3.75 3.75
Porites lichen 0 1.265823 0 3.n3585 0 0 0 5 3.75
PsammocoraSP(p). 0 0 0 0.628931 0 0 0 0 0
Psammocoracontigua 0 0 0 0 0 0 1.25 0 0
Psammocorasuperticialis 0 0 0 0 0 0 4.375 0 0
Galaxsa fascicuJaris0.628931 0 0 2.515723 0 0 5.625 1.25 0
Favia marthai; 0.628931 0.632911 0 0 0 0 1.25 0 0
Goniastrea (etiformis 1.257862 0 0 0.628931 0 0 0 0 0
Goniastrea edwards; 0 0 0 0 0 0 0 0 0
Leptoria phrygia 0 0 0 1.886792 0 0 0.625 0 0
Leptastrea purpurea 0 8.860759 0 0.628931 0 0 0 0.625 1.875
Cyphastrea ssrai/ia 0 0.632911 0 0.628931 0 0 1.25 0 0
Heliopora coerulsa 0 0 0 0 0 0 1.875 0 0
Mil/spora platyphylla 2.515723 0 0 0 0 0 0 0 0

Table 2 • Percent bottom cover at 9 locations based on
quadrat surveys.



II of transects
2
1
1
1
4
1
1
1
8
4
3
1
1
6
1
1
3
3
2
9
3
3
1
1
1
2
3
1
1
2
4
1
4
1
6
5
1
3
2
4
6
2
9
4
1
4
1
7
1

Species
Acanthastrea echlnata
_Ac::roporahum/lis
Aaopora .urculoss
AIwIopora .".
MtnJopora 'sterl
Astrsopora myrtophthaJma
CyphllStrfla seraJlia
Echlnopora IamBNosa
Favia msthaJl
Favia stell/gsra
Favltes russeHl
FungiIJ (Verrillofungla) sp.
Fungla granulosa
GaJaxeaflJSciaJlIuis
Gon/astrsa sdwllJdsl
Gonlastrea pectlnllta
Gonlastrsa rstiform/s
Gonlopora frutJcosa
Hallopora coarulaa
LBpta,,.a puarpara
Laptastrsa transvslSa
Leptorla ph1)V/a
M/llapora platyphylla
MHlBporatuberosa
Montastrea cuna
Mont/pora grlsea
Mont/pora sp(p).
Montipora venosa
Mont/pora VflfTUcosa
Pavona duenianl
Pavona varlans
PIatY(JYTBcJasdaJea
Platygyra pinl
Pocillopora msandrlna
PocJlloporasp(p).
PocIIIopora V8fTUcosa
Porites (Synaratla) sp. 1
Porites annae
Porites australiensis
Porites lichen
Porites Iobata
Porites /utea
Porltas rus
Porites sp(P).
Porites supsrfusa
Psammocora cont/gus
Psammocora profundacella
Sty/ocosnlBlJaarmata
Stylophora morrJax

Table 3 • Coral species encountered in point quarter surveys,
r with number of transects in which they occurred noted.



Table 4 - Macroinvertebrate population densities (per m2).

DaB 11.14.94 11.25.94 11.14.94 11.16.94 11.25.94 11.16.94 11.29.94 11.28.94 11.28.94
51. 1 1 1 2 2 2 3 3 3
eepl1 2m am 16m 2m am 16m 2m am 16m

HoIothuroidea
Aatncrpypa mtU#Ian8 0.34 0 0 0.24 0 0 022 0 0
BohadsdJla IIIfIIIS 0 0 0 0 0 0 0 0.03 0.03
HoIorhllia nobIIs 0 0 0.02 0 0 0.04 0 0 0.CJ2
S_dJopus dJIoronotua 0.07 0 0 0.19 0.02 '0 0.06 0.12 0.04
EohInoId_
Et:hinometra Tr7IIIhI18 0 0.03 0 0.1 0 0 0.58 0.03 0
Er::hinostrBphus sQculatus 0.43 046 0 0.33 0 0 0.28 0.05 0.04
Echinottuix diIIdema 0.1 C.Ol 0 0.18 0 0 0.48 0.04 0
AatetoIdN
Acanrhastar pIsnd 0 0 0 0 0 0 0 0 0.01
CUlcJta fIOV88fIIJItBBs 0 0 0.01 0 0 0 0 0 0
FrDmis f7iIJtIporinB 0 0.01 0 0 0 0 0 0 0
IJnt::Ida guifJk9 0 0 0.01 0 0 0 0 0.01 0.01
Linckia lasvigafa 0 0 0 0 0 0 0 0 0
Linckia mlitifola 0 0 0 0 0 0 0 0.02 0
OphlurcMdN
0phJ0c0ma 0 0 0 0.02 0 0 O.o.t 0 0
Oph/omastix c:atyophyIlalll 0 0 0 0 0 0.01 0 0 0
CrtnoIdN
sp. 0 0 0 0 0 0.02 0 0 0
BlWIIvIa
TridaaJa fI'IIIUna 0 0.02 0 0.02 0 0 O.o.t 0.03 0.01
Gutropod8
c.rirhium co/&llfna 0 0.01 0 0 0 0 0 0 0
Conus sp. 0 0.01 0 0 0 0 0 0 0
Conus rm. 0 0.02 0 0 0 0 0 0 0
Drupa lllbusidaaus 0 0.03 0 0 0 0 0 0 0
MancinBIla IIJb&rosa 0 0 0 0 0 0 0.06 0 0
Nudibranch sp. 0 0.02 0 0 0 0.01 0 0 0.01
Trochus nlotJcus 0.03 0 0 0 0.01 0 0.02 0.01 0
Vasum 'ltuttJinIII1cm 0 0.01 0.01 0 0 0 0 0 0
QuaIllCN
StsIJopus hlspldus 0 0 0 0 0.01 0 0 0 0
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The fish conununities appear to be thriving at all three sites.

The damselfishes, family Pomacentridae, were the numerically dominant fish group. Five
damselfish species. Plectroglyphidodon lactytnatus, Stegastes fasciolarus, Pomacentrus ~.
Cluysiptera traccyi, and.c. leucopoma. accounted for 75% of all the fishes counted along the
transects. These are all small. site-attached species which feed primarily on algae. Some fairly
large. harvestable species were also seen. including various species of surgeonfishes (family
Acanthuridae), the jack Caranx melampygus, the emperor l&thrinus xanthochilus. various species
of goatfishes (family Mullidae). and various species of parrotfishes (family Scaridae). Large,
transitory species tend to be underestimatedby the survey methods used here. One marine turtle
was also seen near Site 3.

RESULTS AND DISCUSSION
The areas surveyed had a diverse fish fauna; a total of 142 species were observed during the

surveys (Table 1). Ingeneral fewer species were found at the 2-m transects than at the deeper
depths (Figure 1). Overall there was little difference in species richness among the three sites.

Fish abundance averaged approximately 1.5fish/m2,but there was considerable variability
from transect to transect (Figure 2). Site 2 exhibited higher fish densities at all depths than did the
other sites. Perhaps more important than depth or location in influencing fish abundance was
topographic relief: flatter. more featureless areas harbored fewer fishes than did more irregular
areas.

MATERIALS AND METHODS
Fifty-meter long transect lines were placed in each of three depth zones (2 m, 8m, and 16m)

at three sites (20 m north of submarine cable [Site 1],50 m south of cable [Site 2]. and 400 m
south of cable [Site 3]; see Figure 1 inPaulay et al. repon). Transect lines ran along the
appropriate isobaths and were oriented more or less parallel to the reef front. The surveys were
performed by a scuba-equipped diver who swam along each transect line recording the identity
and number of all fishes observed within 1m of either side of the line (a total of 100m2 per
transect). Following the enumeration. a list was made of additional fish species observed in the
immediate vicinity of the transect line but which had not been included in the transect counts.

INTRODUCTION
The fish surveys were carried out to assess fish abundance, species richness, and species

composition in fore reef habitats off Gun Beach and in comparable habitats some 400 m to the
south. Fish surveys were car.riedout in conjunction with surveys of reef corals and
macroinvertebrates to provide baseline information on marine animal communities in ~ area.

Steven S. Amesbury
University of Guam Marine Laboratory

FORE REEF FlSHES AT GUN BEACH
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Figure 2
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Draft Environmental Impact Statement Microdredging of
Tumon Bay, Barrett Consulting Group, Inc. July 1988.

Ref:

E = not observed but expected to occur
X = observed

Note:

X
E

E

E

E

Feral Dog

Feral Cat

Polynesian Rat

Roof Rat

Musk Shrew

X

X

X

X

X

Chameleon

Blue-tailed Skink

Skink

Gecko

Gecko

EP.T. Dove

X

X

E

X

E

X
E

Ruddy Turnstone

Black Drongo

Reef Beron

White Tern

Yellow Bittern

Eurasian Tree
Sparrow

Golden Plover

STATUSCOMMON NAME

Anolis caroliniensis

Emoia caeruleocauda

Emoia sp.

Gehyra sp.

Hemidactylus frenatu.s

MAMMALS

Canis familiaris

Felis catus

Rattus exulans

Rattus rattus

Suncus murinus

REPTILES

Pluvialis dominica fulva

streptopelia bitorquata
dusumieri

BIRDS

Arenaria i. interpres

Dicrurus macrocercus barterti

Egretta s. sacra

Gygis alba candida

Ixobrychus sinensis

Passer montanus saturatus

SCIENTIFIC NAME

BIRDS AND TERRESTRIAL FAUNA
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4 O'Bnen Drive • Suit 200 • Aoana.Guam 96910 • Telephone(671)477-4693 • Fax(671)477-4694

Attached is a copy of parking calculation and proposed parking plan. In summary, the following
is our parking analysis:

D Total parking required: 182spaces
D Total parking provided:

• 210 standard, 8-1/2 feet x 19 feet, parking spaces

• 8 disabled parking spaces

• 3 bus parking spaces

• 4 loading/unloading areas

This is a follow up to the DRe meeting on March 16, 1995. We fully agree with your comment
that parking requirement must be met. Indeed, it is the owner intention to ensure that we do not
deter any customer because of inadequate parking.

Dear Mr. Anderson:

RE: CASE NO. 95-06,TENTATIVE DEVELOPMENT PlAN
EN1ER OCEAN GUAM PROJECf
LOT lO1l3-R3, TIlMON, MUNICIPAUTY OF DEDEDO, GUAM

Mr. John T. Anderson
Territorial Planner/Chief Planner
Government of Guam
Department of Land Management
P.O. Box 2950
Agana, Guam 96910

ASSOCIATES. INC.

April 3, 1995

Engineers/Architects



317700.029

Attachment:
1. Parking Calculation (2 pages)
2. Parking Plan
3. Staffing Plan (2 pages)

cc: Mr. Frank Taitano
Planner IV, DLM

Djoni Setiadi, AlA
Director of Architecture '

Sincerely,

GMP A~OCIATES, INC.

Thank you for your attention on the subject matter. Should you require additional information or
clarification, we will be happy to comply and assist you.

Engineers/ArchitectsASSOCIATES. INC.

Mr. John T. Anderson
April 3, 1995
Page 2

Inaddition to the private parking spaces provided, the facility will operate a shuttle-serviceutilizing
six, 2S passenger jitneys. Five will make pick ups at all large hotels inTumon Bay areas, and the
sixth jitney will service the Tamuning hotels.
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ENTEROCEAN GUAM
S1atffng Plan (Opening)

POlltlon Backgroundl CI... Numcet 0'
uplrtlnc. (Adm./ Peopl.

!llcullv. CI"~~)

VP/Gen. Managlr Managlmlnt A 1
Admin. Aaat. Man.glmlnt A ,
Aooounting/P."orv*

Controllir Aocoun1tng A 1
Chl.f AocountAnt ACOD~tlng A 1
P.... enn.,Man.gl' Human R•• oun; .. A 1
Adm. A.... eUllne .. A 1
AocOYntlng Clerk. Accounting A e

..... /U.,,,etlng

Managl,·8af •• /Mari<ltJng Markelin; Mgt. A
SuplnriaoroReoeptionll" Managlment A t
AI.t. SUplrvlaor.R.caption. Managemlnt A 1
Mlnag.r 0 RIta" Sal •• SaIl. Managlment A
Alit. MgT•• Altall Sal •• Managlmlnt A
Manage, • ClubSal,. Sal•• Managlmlnt A
AIAt. Mgr •• Club Sa' ... Bal •• Management A
Reoeptionlsts Gln.,al 0 1.
RltaUS.I•• Personna' Genlral 0 12

Tour Op.ratlona

Man.ga, 0TourOp" • .,on. OCI.n Sol./Management A
Manag., 0 Divi Tour Ops. Oc.an Selene .. A
Alit. Mgt'. 0 Dive Tour Opt. Oc•• n SoIlnc .. A
Managl' • S.m~·Sub Cpa. OCII.n Sol.neta A
Alit. Mgr. 0 SImI-Sub Opa. O"•• n $cllno •• A 1
Diy. TQur Lot.d.,. Oe•• n SclenOlI 0 1:J
01"1 Tour AUendant$ OQ.. " SollnCI' 0 8
S.ml·Sub OPI'ltOri Oc•• n Sol.nc •• 0 e
Seml·Sub AHlndanll Oeoln Sollnel. 0 8

!nt.rtalnm.nl

Entertainm.nt Dlr.otor Entertainment Mgt. A ~
Enllrtalner. entlrtalnment A e



I;Plan (Contlnuld)
••nc. and Eduoatlon

DI,.~r • SClI.nol/EduoatJ"n Manni Biology A
Curator Mann. Biology A
Ao.LC~to' Malin. 81010gy A
Biologiit Martnl Biology A ,
Blo-reohnlclan Marini 810logy A ,
Fish Coilictor- Maline SIOIOgy A 2
Manag.,.;duoaUon Marini Biology A
Chi., Dco.nt MannI Biology A
Dooanta Marift.8JoIogy A e

!'ood and a.v.rav. Op.ratlon'

Managar • Food & e.verage F & BManagemlnt A
Manlger • Sea Cava Lounlile F " 15Managem.nt A
"", .. &, M"•.•0..".". f: " eM.nlllnamant II
Manag.r • Snack Shop F & S Management A 1
Alit. Mgt. - Snick Shop F & B Managemlnt A 1
Manager. CIlInng F & B Management A 1
Food and Slvlrage p.ttonn.1 Glneral D 414

Malnt,nlno'

Malnt.nanci Manager Engin.erin; A 1
Mlohanl" Maln,.nane. Engr. A 1
Electriol.n EI.CUlolan A 1

ElecltDnlca Tloh. a.o1ronlol A 1
Bround. Maim. Plttonne' Landscape Malnt A 2

nln.pcrtaUon

Tran.portallDn Manager Genera' A
Drive... Oenerll A '8

Total 184
Total Admin. 77
Tatal DIrect 107
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