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Purpose of this Report 

The Corps was asked by G~/ernor Calvo to assist in planning for Tumon Bay i~provements . 

Subsequently, Mr. Jose ~rego, Director, De~~~nt of Commerce, hosted a meeting to 
discuss problems at Tumon Bay. The Corps to revie~ the existing information 
and present it in a comprehensive report which ~ould describe the environmental 
character of Tumon Bay. 

The Corps also ~ to propose an assessment of impacts from ~ario~s conceptual 
. development options. These ranged from simple beach cleaning to major dredge and 

f11l actions. The impact assessment we show here is based on ex1s.ting information. 

Next Sten 

The Corps would like to prepare a draft of this report for publ:!-c revie~. The 
revie~ should be coordinated by the Government of Guam and the Corps will participate 
in workshops. 

The "Tumon Bay Planning" COIrJ:!ittee, ~hich has been meeting and providing the Corps ' 
with guidance, should establish scoe recommendations for Tumen Bay improvements 
and include them in the draft report for public review. These reco~endations 
should be the product of our 4 December 1980 workshop. 

, 
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SUMMARY OF ALTERNATIVE ANALYSIS 
Environmental Impact: (-)=severe. (O)=moderate. (+)~in1ma1 

Objective: Improve Marine Resources 

Alternative 

Transplant marine life 
Dredging 

Objective: Improve Swimming 

Create large swimming area 
Create several small swimming holes 
Build onshore swimming pools 
Create wide sand beaches 
Build swimming piers 
Build swimming platfo~s 
Clean beach 

Objective: Improve Boating 

Environmental Impact 

+ 

0 
.+ 
+ 
+ 
+ 
+ 

Improve existing channel -/0 
Deepen area for waterskiing and sailing 
Provide pier facilities in existing 
deepwater areas + 
Improve existing harbor at Agana + 

Objective: Control Algae 

Herbicides 
Reduce ground water influx 
Increase substrate instability 
Increase wave energy 
~Iechanical Harves ting 
Hechanical clearing the beach 

Objective: Sea Cucunber Control 

Harves ting: 
Mechanical 
Hand 

Habitat Alteration 
Deepen Reef 
Informative Displays 

Objective: Prevent "Red Tides" 

Unknown 

Objective: Storm Drain'Control 

See "Stormwater Drainage Nanual" 

-/0 
-/0 
-/0 

.0/+ 
+ 

-/0 
, 0/-

+ 

Unknown 

.. 

Further 
Environmenta 
Studies 

No 
Yes 

Yes 
Yes 
No 
Yes 
No 
No 
No 

Yes 
Yes 

No 
No 

Yes 
Yes 
Yes 
Yes 
No 
No 

Yes 
Yes 
Yes 
Yes . 
No 

Yes 

0 

0 
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PLANNING PROBLEMS AND CONCEPTS FOR TUMON BAY 

Guam's tourist industry has wor~ed to lure visitors to Guam and .Turnon Bay with 
advertisements which implied sunshine, sandy tropical beaches and swimming 
areas, and a myriad of water-contact recreational opportunities. However, 
visitors find a narrow and sandy, but roc~y beach, a shallow fringing reef 
which limits s\~im;ning and other \'/ater-contact recreation, and a lac\( of 
recreational diversity and facilities to support water-contact recreation. In 
order to create a more attractive tourist destination for the benefit of 
tourists and local residents, the Government of Guam embarked on a planning 

' , .1 , effort to increase recreational opportunities and diversity in the bay area by . ~ " "-' 
.• :: lmpt"&Y4-ng- the bay's natura I resources and encouraging the development of, a 

water spor~ industry that would diversify and support water-contact recreation 
in the bay. Private industry was quic~ to respond to the need with the 
completion of the Pacific Islands Club which would provide for scuba diving 
gear, outrigger canoes and other floatation gear, paddle boats and hobie cats, 
and the construction of a amusement project, aSplashdown.- A leisure sunset 
cruise catamaran, operated by outboard motor, has been in operation for some 
time. 

The Government and local interests had concepts of dredging the bay to restore 
and enhance marine life, to widen the existing entrance channel for larger 
pleasure boats, to create snorkeling trails and to deepen or channelize the 
bay for s\'/imming, water s~iing and sailing. Specific recommendations included 
dredging one large or several small swimming holes, similar to those fronting 
Ypao Beach ' Park and the Guam Hilton, and dredging several channels, instead of 
one, for windsurfers, hobie cats and ' swimmers. Shoreline promenades or trails 

and a caus~'/ay to an enlarged offshore island were c9nsid~red for passive -recreational activities. , , 

, . 
The Government has begun efforts to clean the beaches of trash, algae rafts 
and debris, b'ut felt that proolems dealing with stol1Jl\'/ater. algae, sea 
Cucumbers and red tide conditions needed to be solv~d in order to enhance the 
beauty and recreat iona I 'enjoyment of the bay. StoroMater runoff and 
discharges \'Iere believed responsible for the gradual erosion ,of the shoreline 
and fi 11 ing of the bay. Periods of increased algae growth in nearshore waters ' 
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discourgared swinrners from u~ing tile -water, ,and rafts of algae acculllllated 
along tile shoreline created a smelly mess. Sea cucumbers were so numerous on 

the reef flat that waders st~pping on them had tlleir feet ~nmeshed in the 
sticky and annoying evisceration. Under certain conditions, a localized red 
tide condition occur~d off the Okura Hotel discouraging swimmers and 

? detracting from the beauty of the bay. 

H1PACT ANALYSIS OF PLAtltlING CONCEPTS 

DREDGING AND FILLING ACTIVITIES ' 

Dredging and filling in the marine environment are usually associated with 
more negative effects than beneficial ones. Impacts usually include: 

a. Reduction in habitat diversity due to modification of botto~ 
bathymetry and substrate. 

b. Reduction in the abundance and diversity of marine organisms. -- -
c. Alteration of nearshore currents and wave energy on the reef flat. 

d. Continual effects of turbidity resulting from creating a fine, silty 
bottom or erodible fill and the erosion of the dr~dged material back into th~ 
water. 

Dredging usually generates fine sediment by either resuspending material 
'already present on the ' reef or grinding the limestone material comprising the 
reef flat. The sediment material usually settles in the dredged areas . . -
creating .a sLjty bottom, and the aggregate ,not picked up by the dredge combine 
to make an unstable substrate Ithich is not readily colonized .by.marine . 
organisms. The sediment generated-by dre~ging usually increases abrasion and 
scour damage to marine organisms ~specially whe: e water current are strong. 
Where Itater currents are weak, fine sediments remain in the 'water column "for - --
long periods of time, " effect:'ively -bloc~ing .the penetration of "ligM through 
the water column cr~ating a stress for photosynthetic benthic organisms, and 
increase sedimentation.which can smother other benthic organisms. The erosion 
of dredged -material back 'into th~ , wat~r aggravates turbidity and sedimentation 

• 

o 

o 



stresses. The sedimentary material at the bottom of dredged areas ' are easily 
resuspended by increased wave or surge activity within the dredged area. 
contributing to continual or long-term turbidity stress. Dredging may also be 
a factor which can trigger dinoflagellate blooms and which can attract fish 
which will feed on organisms exposed and stirred up by the dredge. 

Existing data indicate that Tumon Bay's shallow reef flat limits biological 
productivity and species diversity in comparison to the reef margin and reef 
front, but that the reef provides excellent protection for the beaches from 
wave and surge activity. Dredging the reef flat could have some beneficial 

effects under certain conditions. 

Deepening the reef flat allows more water to cover the reef surface. reducing 
exposure and temperature stresses on marine organisms, and providing an 

opportunity for more organisms to survive the reef flat. However, the act of 
dredging the reef initially destroys ' the existing biological community and the 
extent of biological recovery is dependent upon a number of factors, including 
water depth, water currents, bottom irregularity, species habitat preference. 
substrate composition and vertical relief. In general, recovery is enhanced 
when the amoLint of irregular, hard sU,bS~rate and vertical relief are maximized 
and water currents are allOl¥ed to flush the dredged area: By comparison, 
dredged channels and basins have uniform surfaces and large areas of loose 
sedimentary material, such as aggregate and soft, silty mUd. loose ~nd silty 
material provide unstable substrates that are not readily colonized by a large 
diversity· of organisms, and, in many cases, provide for a replace~ent of 
organisms adapted for life in soft sediment environments. , Providing a habitat 
that attracts marine organisms does not guarantee that recovery will create a 
habitat more diverse than the one destroyed. Modification of the environment 
tends to favor the recovery or colonization of one species over another, and 
may not select for the desired organism. Simply dredging without considering 
the habitat requirements favorable to a desired species may result in the 
colonization of undesired species, some of which can increase hazards to 

recre~tional uses ot ~ bay. Of course, dredging in loose, sandy areas with 
low biological divers~1hinimizes initial destructive effects on the environ­
ment. Recovery of coral communities may take as long as 20 to 30 years to . 
attain species abundance and diversity prior to construction. Transplanting' 
large size coral colonies in the dredge area may help to reduce the recoyery 
time. 
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Filling, on the other hand, eliminates any further use of the area by marine 
organisms. While some replacement is anticip~ted at the toe of the fill, the 

replacement ~Iill not, in most cases, be as diverse as the habitat and 
community destroyed, ' The use of pile-supported structures significantly 

reduces the amount of damage and preserves the habitat and community. 

, Shading, if significant, can reduce the usefulness of the pile-suPDorted 

structure since organisms on the reef flat may not be adapted to shaded 

conditions. 

Increasing water depth over the reef flat also increases the amount of wave or 

surge energy that can enter Tumon Bay. At the present time, the shallow reef , 

flat is an excellent wave dissipator that prevents large waves or strong surge 

from impinging on the Shoreline, except under extreme meterological or 

hydrological conditions Such as those associated with a typhoon. ,In general. 

wave hei ght on the reef f I at is 1 imited by vlater depth. Wave energy is 
proportional to the square of the wave height. Thus, a slight increase in 

water depth can result in a significant increase in wave energy on the reef 

f I at. The nature of reformed waves on the reef fl at cannot be eas ily 

expressed and is dependent upon a variety of oceanographic factors ,such as 

~Iave length, I'/ater depth and bottom configuration. HoI,/ever, the more shallol'/ 

reef flat preserved the greater the loss of wave energy in the reformed 'wave. 

An increase in l'lave or surge energy maya Iso be associated with a change of 

wave approach to the beach and an increase in the amount of water transported 
onto the reef possibly resulting in a change in littoral currents in the bay. 

The combination of the tl,/O factors has the potential for increasing the 

frequency of shore 1 ine change whiCh may now be related only to periOdS of 

typhoons. At present, the Tuman Bay shoreline appears stable and some persons 

have built close to the shoreline. Any increase in shoreline Change could 

result in property loss 'or damage, as well as, costs to protect the property 

from shoreline erosion. 

Simi larly, channel izing the reef could also result in increased shoreline 

erosion. On Sholl 101'/ reef flats, the flol'/ of water off the reef may be 
restricted by bathymetry and a lack of a defined channel to the ocean. A 

channel may d~crease f101i resistance or permit a greater volume of water to 
fJOli off the reef, resulting in either greater littoral current velocities or 
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the creation of strong currents. Current velocities may be particularly 

strong during ebb tide when both tidal water and water carried onto the reef 

by wave energy runoff the reef simultaneously. While increasing the number of 

channels in the reef may decrease the severity of the change to tile littoral 

currents, the modifications can still affect shoreline stability. Depending 

upon channel orientat ion, ocean waves can enter the channel and break directly 

on the Shor eline affecting shoreline sta~ility. If the channel is aligned in 

a direct ion concurrent ~/ith the approach 

shoreline erosion could be significant. 

of typhoon waves, the rate of 

If the channel is dredged close to 

shore, littoral material put into suspension by wave action may be transported 

off the reef flat by the seal1ard flowing currents in the channel. 

Fi lis, on the other hand, o~struct water flO\1 and force water to flol., around 0 
them. In Tumon, for example, enlarging the island may force more water to 

converge to\.,ard the siore I ine, resulting in an increase in current velocity 

and shoreline eros ion. AccretOi on may occur on the shore behind the isl and 

since the island may shield the shore from large storm \1a'les. Coarse material 

normally moved by t!le waves will be deposited in the lee of the island. An 

impervious causel1ay essentially obstructs existing current flol1. Currents in 

tlle- southern sector of the bay may be weaker with no distinct pattern due to a 

smaller drainage area and lac~ of a distinct channel. The qu i escent condition 

created could pOSSibly create conditions for a dinoflagellate bloom. The 

placement of culverts can permit the lolater to flOl1 pass the fill, but the use 

of piles creates tne least interference and alteration of prevailing 

currents. The creation of quiescent waters or areas with poor circulation may 

create conditions favorable for dinoflagellate blooms~ 

RECREATION IHPACTS A~ID POTENTIAL PROBLEMS 

The object ive of increas ing water depth in Turnon Bay and channelizing Tumon 

Bay ~/as to increase sl1ir.\1ling, boating and other water-contact recreational 

activities. The increase in recreational diversity poses a potential 

problem. Areas in t'le bay 110uld have to be set aside for sl1inming and boating 

to ~yent_intermixing the t '"0 activities: SI.,inmers are more susceptible t6 

injury from sa~l and power boats when the tlo/O activities are mixed within the 

same area. Secondly, not all visitors are water-wise to swim or boat safely -

o 
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the creation of strong currents. Current velocities may be particularly 
strong during ebb tide when both tidal water and water carried onto the reef 

by wave energy runoff the reef Simultaneously. While increasing the number of 
channels in the reef may decrease the severity of the change to tne littoral 
currents, the modifications can still affect shoreline stability. Depending 
upon channel orientation, ocean waves can enter the channel and break directly 
on the shoreline affecting shoreline statlility. If the channel is aligned in 
a direction concurrent wi th the approaCh of typhoon t/aVes, the rate of 
shoreline erosion could be significant. If the channel is dredged close to 
shore, littoral material put into suspension by wave action may be transported 
off the reef flat by the sea\'/ard flowing currents in the channel. 

Fills, on the other hand, otlstruct water flol~ and force water to flOl~ around 
them. In Tumon, for e~amole, enlarging the island may force more water to <=> 
converge tOI'/ard the s'loreline, resulting in an increase in current velocity 
and shoreline erosion. Accret"ion may occur on the shore behind the island 
since the island may shield the shore from large storm waves. Coarse m~terial 
normally moved oy the waves will be deposited in the lee of the island. An 
impervious cause"lay essentially obstructs existing current flo\·I. Currents in 
the southern sector of the tlay may be wea~er · with no distinct pattern due to a 
smaller drainage area and lac~ of a distinct channel. The quiescent condition 
created could possibly create conditions for a dinoflagellate bloom. The 
placement of culverts can permit the t/ater to flow pass the fill, out the use 
of piles creates the least interference and alteration of prevailing 
currents. The creation of .quiescent waters or areas with poor c.irculation may 
create conditions favoraole for oinoflagellate blooms. 

RECREATION I~IPACT5 -AIID POTErHIAL PROBLEMS 

The objective of increasing water depth in Tumon Bay and channelizing Tumon 
Bay t/as to increase s\'/imming, boating and .other water-contact recreational 
activities. The increase in recreational diversity poses a potential 
problem. Areas in t'le bay I'/ould have to be set aside for sl'limmi!lg and boating 
to pre.l/.ellt intermixing the t\'/o act ivities. Swimmers are more susceptible to 

..:...--- -

injury from sa i1 and. p:)I,/er boats when the t\~O acl ivil ies are mixed within the 
same area. Secondly, not all visitors are water-wise to swim or boat safely ' 
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within the bay or in waters outside the bay. Strong littoral or'rip currents 

and sudden drop-offs or holes pose potential threats to swimmers. Wave , 

activity in channel entrances and along the reef edge pose hazards to novice 

boaters or skin divers. The largest change associated with any deepening or --- . ... ---'-
channelizing activity is the loss of shallow wading area and creation of 

obstructions to waders. The reef flat at present is shallow enough to permit 

waders 'to range far a~ wide. Channels and deep areas can prevent waders from 

reaching Shallow, wadea~le areas within the bay. An evaluation of various 

methods to increase recreational diversity in Tumon Bay is displayeo on 

Table 

ALGAE 

Enteromorpha clathl'ata, a green filamentous alga, appears to be the alga 

causing a nuisance to hotel operators and beach users. The alga grows in 

nearslJore waters in a narrow band a long the shoreline and thrives in areas of 

ground~later seepage protected from wave act ion and surge. ,When in full bloom, 

the alga does not fill the bay, but the green thalli darken the vlater 

nearshore, hide the bottom from sight, and tangle around the feet of waders, 

making the water unpleasant to sight and for I-Iadlng or swirmling. Wave action 

o 

and surge which break the thalli from the substrate, deposit the alga on the 

beach and in nearshore I-Iaters \"Il'tere it chokes the ~Iater and rots and smells, 

making the beach unpleasant to use. Contrary, to belief that the alga decrease\:) 

the presence of marine life, the alga creates a habitat for a myriad of inver­

'tebrates and is a principal food source ,for the rabbitfish. 

,Alternatives for alleviating the algal nuisance, include con,trolling algal 

growth and distribllt ion, and medtanically burying or clearing the al,gae from . 
the beach. In either case, the reduction 'in algal standing crop during the' 

seasonal run of rabbitfish may result in an early starvation of those juvenile 

rabbitfish settli~ in the bay, or a reduced abundance of rabbitfish in the 

bay. Methods of controlling the algal groloJth could include the use of aquati,c 

herbicides, mechanIcal harvesting or controlling environnrental factors \-Ihic/1 

regulate the distribution and abundance of algae, such as ro~nd,.flIter. -­

subs trate-Sfabi Ii ty and \"lave ac t ion. ~Iethods of c I earil'!g the a I gae washed up 

on the beat'l lnvo ve mechanical c Jearin,9 and disposing of the algae at a dump 

or in a hole dug 01) the beach. An e\'aluation of , the alternatives is provided 

in Table 



Alternative 

Improve marine life. 

1. Increase species 
abundl;lnces and 
diversity. 

2. Increase habitat 
diversity. 

u 
TABLE 

'EVALUATION OF ALTERNATIVES TOIIMPROVE MARINE RESOURCES 
AND THE UTILIZATION OF THE RESOURCES 

Methodology 

Transplant benthic 
organisms onto the reef 
flat. 

Dredging to deepen reef 
flat and increase the 
amount of vertical relief. 

Benefits 

(1) . Reducehxtent of modi­
fication on the reef flat. 

(2) Maintains reef flat for 
development of wading trails. 

(1) Increases water depth to 
reduce exposure and tempera­
ture stress to marine orga­
nisms. 

(2) Provides deep .wimming 
areas for anorkelers. 

'. 

Problem area. 

Shallow water. limit the 
extent"'bf habitat area which 
may be suitable for trans­
planting activities. 

(1) May be difficult to 
control dredgl'ng:" ... 

(2) Dredging by . i .t •. .,!lature 
destroys much of the -ma~ne 
life. " ~atural recoloniza­
([on will be slow. 

(3) Wal~r currents through 
the area must be maintainec;\ ., 
to provide flushing. ' ff~ 

-I 
(4) The amount of rubble, 
sand nnd silt substrate 
must be minimized. 

(5) The deepened area may 
allow increased wave energy 
on the reef and possibly 
cause shoreline modifica­
tions which could cause 
property damage and los •• 

(6) Potential increa.e in 
hazards to non-swimmming 
waders who may tall into 
deep holes. 

(7) Loss ot wading Rnd 
reef foraging area and the 
deep area. may obstruct 
movcm~nt on the reef flot. 



.... 
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" o TABLE _ o 
EVALUATION OF ALTERNATIVES TO IMPROVE SWIMMING 

Al ternative Methodology 

1. Create la ... ge awim- D ... edging to deepen reef 
ming Area flo t. 

2. Create .everal 
• mall swimming holes 

3. Build on shore 
swimming pools nea ... 

Dredging to deepen 
... eef flat • 

On sho ... e const ... uction 
of swimming pools. 

Benefits 

May have low maintenance cost. 
requiring pe ... iodic dredging. 

(1) May have low maintenance 
costs ... equiring periodic 
d .... edging. 

(2) Dredging can be concen­
trated near shore in sandy or 
... ·ubble a ... eas with low marine 
abundance or dive ... sity. 

(3) Preserves mo ... e of the 
Shallow reef flat as a wave 
dissipato .... 

(1) Eliminates modification 
to marine environment. Wate ... 
can be obtained froln wells. 

Problem areas 

(1) May cause sho ... eline changes 
that could result in property 
damages and lo.ses, and reduction 
in beach width. Reformed wave 
energy may still be great enough 
to create b ... eaki.,!: wave. on the 
beach. 

(:n Requi ... ea diaposal of dredged 
mate ... ial. 

(3) Host likely results in 
significant loss of marine . 
... esources on ... eef flat with low 
recovery ... ates. 

(1) Hay cause sho ... eline changes 
that could ... esult in p ... ope ... ty 
damage and losses, and ... eduction 
in beach width. The effect may b 
le8s than Alte ... native 1. 

(2) Requi ... es disposal of dredged 
mate ... ial. 

May have highe... f ... equency of mair 
tenanee and maintenance costs fot 
t ... eatment of wate... and cleaning 
the pool. 

(2) Allows swimmi ng in sandy 
beach setting without having to 
consider mnnage or destroy marine 
rcsources. such ;)6 SUi! cucUlubl.!rs, 
cor a'l or algae. 



o u 
TABLE (Cont'd). 

EVALUATION OF ALTERNATIVES TO IMPROVE SWIMMING 

Al terna t ive 

4. Create wider sand 
beaches. 

S. Swimming piers, 
for access to deeper 
watet'. 

Methodology 

Sand placement 

Pier construction using 
piles. 

6. Swimming platforms Raft construction and 
placement 

7. Clean up rubble 
from beach and near 
shore. 

Mechanical sweeping of . 
the beach and near shore 
area. 

8enefits 

Wider beach width for sun­
bathing, possibly extending 
beach to deeper areas for 
swimming. 

Reduces modification to the 
marine environment. 

Reduces modification to the 
marine environment. 

Reduces modification to the 
marine environment. 

2 

Problem areas 

(1) Does not solve problem of 
lack of water depth for swimming 

(2) Sand resources do not 8eem 
to be available for initial 
construction and periodic 
nouriShment. 

(3) The widened beach may be 
subject to greater rate of 
erosion with encroachment into 
deeper water and exposure to 
storm waves. 

Swimming confined to areas with 
deep water. 

Swimming confined to areas with 
deep water. 

Swimming confined to areas with 
deep water. 



o "·tABLE • o 
EVALUATION OF ALTE~~ATIVES:TO IMPROVE BOATERS 

Alternative Methodology 

1. Improve boat access Dredging access channel 
through ree f 

2. Expand deep water 
area to accomodate 
water skiing and 
sailing. 

3. Provide facilities 
to utilize existing 
deep water areas in the 
bay. 

4. Provide major 
boating facilities 
elsewhere. 

Dredging to deepen reef 
flat. 

Construct facilities 
on the shoreline. 

Improve Agana Harbor 
for commercial boat 
traffic. such as charter 
fish ing an.J diving ond 
sunsct crui5ca. 

Benefits 

None 

Problem areas 

(1) "Allow increase wave energy 
into the bay possibly causing a 
change in the shore line and 
increasing erosion damage and 
loss. 

(2) Increaaas hazards to 
swimmor. and waders due to 
collisions with"boats and strong 
current and sudden deep holes. 

(3) Reduces habitat diversity 
with resultant loss of species 
a9~ndance and diversity. 

None Same as Alternative 1. 
f I : 

(1) Eliminate~ need to dredge. None 

(2) Reduces marine environ-
ment modification. . 

(3) Reduces potential impacts 
related shoreline changes or 
erosion. 

(1) Eliminates need to dredge 
in Tumon lIay. 

(2) UUdUCl1R mol'· inc cl'lvironll1cnt 
mo.Jificatioll in the bay. 

Need to create intrastructure to 
transport people to and from Aga 
Harbor. 

J 

(3) Eliminates potential shoreline 
!!rosiol\ I'cobl"lIIs in lhl! bay. 

(I,) r:xl',)sC"1I (nrc custollll!rs to shOps 
I.· ,,.h ;,, "1"" "'I"uin l' ;1l\el :\!!.1n:t. 



Alternative 

1. Aquatic herbicide. 

2. Reducing ground­
water influx into 
the bay. 

3. Increase sub­
strate instability. 

u 
TABLE • - EVALUATION OF ALGAE CONTROL ALTERNATIVES 

Methodology 

Spray application. 

(1) Sheet piling 
barrier. 

(2) Underground concrete 
cap or wall. 

(3) Underground diver­
sion. 

Increa8e sandy sub­
strate by excavating 
nearshore and placing 
slInd ill excavated area. 

Advantage 

Ease of application. 

(1) Nonpolluting. 

(2) Reduction of groundwater 
flow does not appear to have 
any effect on physiography of 
the reef. Needs further 
scientific verification. 

(1) Nonpolluting. 

(2) Excavation near.hore not 
expected to have significant 
effect on reef physiography. 

(3) Increa.es sandy area 
nearshore, replacing rocky 
habitat enhancing beach usc. 

Disadvantllge 

(1) Herbicide may destroy non­
target orgnnisms and reduce lon) 
term biological rec~very. Over . 
effect may result in degradatiol 
of the marine environment. 

(2) Long-term accumulative 
effects are unknown. 

(3) Must be repeatedly applied. 

(1) Porous nature of the substrc 
may permit water to flow around 
any barriers of caps. 

(2) Hay require application ove l 
large area, not site specific. 

(1) Enteromorpha can bind sand 
stabilizing the sand substrate 
and continue growing on the san. 

(2) Excavation can release more 
groundwater which can enhance 
algal growth and make the water 
cold for swimmers. 

(3) May be a lack of adequate s : 
source on Guam. 

(4) Raquires a dispo.al .ite fo ' 
the excnvated coralline 
material. 



Alternative 

4. Increase wave 
action and lurga on 
the beach. 

5. Mechanical 
harvesting. 

6. Mechanical 
clearing of the 
beach. 

(a) Land disposal 
site. 

(b) Burial on the 
beach. 

o 
MethodologY 

Deepen the reef by 
dredging. 

0) Hand cutting. 

(2) MeChanized cutting. 

Mechanized grading 
with a front-end loader 
or sand screener. 

Sanitary landfill. 

Clearing a trench or 
hole on the upper 
section beach and 
burying the algae. 

" o 
Advantage 

Nonpolluting. 

(1) Nonpolluting. 
;. 

(2) Nearshore work.not 
expected to have significant 
effect on reef physiography. 

I .. I 1 · • 

(1) Nonpolluting. 

(2) Nearshore work not 
expected to have signifi­
cant effect on reef 
physiography. 

Removed from recreational 
area. 

Less equipment and movement 
of the algae. 

May reflect near natural 
. dccOml)Osition of the algae. 

Disadvantage 

(1) Immediate reduction in mar i 
life within dredged area with 
little or no biological reeova, 

(2) Alteration of currente on I 

,reef with potential for increa! 
beach erosion and property los : 
or damage, especially during 
typhoons. 

(l) Labor inte'lsive. - ' , 

(2) Need. a disposal area. 

(3) Must be repeatedly harvest 
especially ' during ' height of th 
growing period. Hay have to b 
done several times a year. 

(1) Labor intensive. 

(2) Needs a disposal site. 

(3) May need to be repeated 
I more than once du~ing a year. 
p.w~/t',·('~_..T ? . 

ShortJhs life of sanitary 
landfill. 

Algae may be reexposed by beae 
users digging in the sand or 
another storm which may erode 
beach • 



) 

SEA CUCUMBERS 

Sea cucumbers form the greatest biomass on the shallow reef flat in Tuman 
Bay. Uninformed waders who step on a sea cucum~er may have their feet and 
hands entangled in a sticky and annoying evisceration from the sea cucumber. 
The inconvenience of the affair is vie'o'/ed by some as a nuisance requiring some 
correct ive measures. Ways to reduce the confl i ct betv/ee~ mall and the sea 
cucumber could include harvesting the sea cucumbers to ~eep their numbers 
down, altering their habitat to create unfavorable conditions which would 
reduce their numbers, ~eepening the reef to minimize wader contact with the 

I'" sea cucumbers or creat~- displays a~ each hotel to inform visitors of the reef 
.~ , 

fauna to be found on the reef and,potential hazards or annoyances associated 
with certain fauna. Table ' evaluates tile alternatives. 



Alternative 

2. Habitat alteration 
to create unfavorable 
growth conditions. 

o ' .. i o 
TABLE _. EVALUATION OF SEA CUCUMBER CON'raOL ALTERNATIVES 

Methodology 

(1) Hand harvesting 
with disposal. 

(2) H~nd harvesting 
for commercial 
exploitation 

Unknown, possibly 
dredging. Needs 
further scientific 
study of species 
habitat requirements. 

Advantage " 

(1) Does not destroy or 
alter reef physiography. 

(2) Potential for new 
' industry. 

Reduce labor intensive­
ness of first alternative. 

Disoldvantage 

(1) Labor intensive, and must b 
done repetitively. 

(2) Needs a disposal site. 7 
I 

(3) Unknown effects on reef 
ecology with the reduction of a, 
cucumber biom~ss. _ (.I:) ..... ~ 

(4) Only edible sea cucumbera a 
worLh commercial harvesting. 

(5) Edible sea cucumber 
population may not be able to 
support long-term commercial 
harvesting. 

(6) No facilities to process, 
edible sea cucumbers. ~. 

C:>v..-... eu d~ "4 0 

(1) Possibly significant 
alteration of reef physiography 
and ecology with degradation of 
natural resources. 

(2) Potential for increased bea 
erosion and property damage or 
loss. 



Alternative 

3. Deepen the reef. 

4. Informative 
displays. 

Methodology 

Dredging. 

(1) Create displays or 
aquariums in hotels or 
visitor centers. 

(2) Create guide tour 
programs of the reef 
flat. 

Advantage 

(1) Reduce labor intensive­
neS8 of first alternative. 

(2) Reduce wader contact 
with sea cucumbers. 

, (1) No environmental alter­
ations. 

(2) Potential new service 
and employment opportunities. 

Disadvantage 

(1) Significant alteration of 
physiography and ecology with 
degradation of marine resource 

(2) Mny not reduce sea cucumbe 
population; may probably creat 
favorable conditions for some 
species. 

(3) Reduce recreational aiver s 
limiting water contact recreat 
to swimmers eliminating wader s 

Does not prevent wader contac t 
with the slla cucumber. 



STORI1 DRAWS 

',. 

Five storm drain outlets are !cnol'/O to 'discharge into .Tumon Bay. On.ly..one has 

been the subject of a short-term scientific investigation, indicating the lac~ 

of information concerning the direct effects of stonnwater discharge' into 

Tumon Bay, although th~ nature of stor~iater quality was investigated by the 

University of Guam Water Resources Research Center. 

Storm drain structures on the beach are aesthetically displeasing and are als~ 
sources of trash and debris on ·the beach follo~ling p~riods of significant 

rainfall. Stormwater discharges are known to contribute to ·a temporary 

increase in l'/ater turbidity nearshore and to introduce nutrients and 

pollutants frpm the drainage area .into the aquatic environment. In Tumon Bay. 
J¥\..... it!·.(~ 

the increase(! l 'evels-of phosphorus,may be linked with dinoflagellate blooms 

that produce a red tide condition in front of the Okura Hotel. Nutrient and 

salinity effects are concentrated nearshore, but masked by the input of 
freshliater and nitrogen from ground:'later seepage. Since bathymetric 

monitoring is not being done, the rate of infilling in the bay due to 

storllMater sediments is not knmin. While sediment deltas have built up in 

front of tile drairiage structures, "the deltas .are wi110wed away by the littoral 
currents, and do not create a sign'ificant discoloration on the. b.eal=h 'because 

o 

( _ .... ~ ".. i." ., .......... ! .... .... , _J.;'4'_.c:.:.. ~~ 
~f: the calcium carbonate nafur.e ·of the material in the delta: The beacll is ~~-. . 
relatively stable, thus there is no evidence ~hat the storm drains presently . 
contribllte to the gradual erosion cif the .shoreline. -Storllt:later trapped in the 

drainage system following p~riods of high rainfall become breeding places for 

mosqllitos. 0 

The continual construction of dratnage~stems that discharge into Tumon Bay 
wi 11 increase the problems associated with the existing s.torm drains. ThllS,· 

-7 
.we can refer.ence . t;he "Storm Drai nilge-r'lanu'll" wh lch .diScusses those methods to 

reduce 'stor~iat~r runoff and-to · indir.ec~lY~ischarge storffiliater into<the 'ocean 
; . .... .. 

neeci·to be considered and possibly implemented iiist·ead.of -the constructi.on of . 
conventional drainage outlet systems • . While storm drain outlets do not 

presently contribllte to ,erosion of the"Shoreline, al~erations of ·the }ittoral 

currents by other development in ttle bay· may alter the shoreline processes ;"_.i_~~' . ., 
·that. the outlet structures may act as .groins along the beach. or ·be ·damaged 'by-
~horeline erosion. 



DINOFLAGELLATE BLOO:~ - "REO TIOE u 

The dinoflagellate bloom in Turnon Bay has not been studied. The 
dinoflagellate, Gymnodinium, is believed responsible for the red to yellow 
discoloration in the bay fronting the a(ura Hotel and occurs every April. The 
bloom has not reached proportions that are toxic to fish and has not created a 

pub I i\ ~o~~ I ;_~o,~~~~;.~· ,ooo ~~~;:vJe,:~,"G~n?od!~ ~um ,~s o~e~~;~~~P~o.~~o:}~d 
tides; .. :aiido fish and shellfish kills 'in other areas of the world. At present, 
the occurrence of the seasonal bloom is merely a displeasing sight. little 
can be done to prevent or eliminate the bloom from occurring until the factors 
triggering the bloom are understood and the capability to predict an 
occurrence is improved. Consultation with world health organizations and 
universities monitoring red tide phenomenon will provide baseline data on 
which to base further scientific investigations to understand the Tuman Bay 
red tide phenomenon. 

A suggestion to dredge a channel through the reef at the Okura Hotel in order 
to improve circulation and prevent future red tide blooms needs. further 
study. The northern sector of the bay appears protected from wave enargy by 
Amantes Point, suggesting that \~ave action may not be strong enough to drive 
currents on the reef flat during the April period when blooms normally occur. 
Secondly, increasing flushing may just move the dinoflagellate laden waters to 
another area in the bay. Dredging itself may create a dinoflagellate bloom. 
The dinoflagellate cysts iOn' the substrate may ~e activated ;:bofsu~penS' i"ori "}n°' :' o-: -: 
the-water together with · organic ·material from the substrate. Tha reduction of 

," - ~ ' . ' . ' :' " '~' ... I.'" '" .......... 

phosphorus concantrations in storlll'",ater~.may be oa:poss ibi 1 ity.--but-maH ISo be 
difficult to achieve.due -too·the porous-nature of. the 9r~und. The technique of 
removing phosphorus may also require storlllltater treatment system that may not 

, . 



ANALYSIS OF ,EXISTING ENVIRONMENTAL CONDITIONS 

Tumon Bay is located (figure ___ ) between Ypao Point and Gognga Point on the 
western coast of Guam. The bay lies at the edge of a limestone plateau which 
comprises the northern region of Guam. The limestone cliffs ~ Jong the edge of 
the plateau surround the b~y attaining an elevation of 15-30 feet at Yp~o Point 
and rise to an elevation of 60-80 feet at Goqnga Point. The embayment includes 
a wide, bU,t relatively small, coastal terrace and a broad, sllal101~ fringing 
reef ,which is about 1,000-2,000 feet wide. Limestone outcrops along the sllore­
line divide the bay into three beach regions; Ypao Beach, Naton Beach and , 
Gognga Beach. 

The bay's natural geological, climatic, and oceanographic conditions influence 
the bay's hydrology, water quality and biologic resources. Recent data on ~ e 

existing reef environment is derived principally from studieS performed by 
members of the University of ,Guam Marine Laboratory, the Guam Department of 

Agriculture, Division of Aquatic and Wildlife Resources and studies performed 

for the Guam Bureau of Planning, Coastal Zone Management Office. Based on 
these studies, the 'reef is ch'aracterized by several zones (figure 2-) which 
will be used for the purposes of discussing and describing the existing 

conditions and environmental impacts of proposed actions. Besides the resort 
and urban development along the shoreline and in the coastal terrace, three 

-man-made features exist on the reef flat; a .dredged boat cha'lnel and blo 
dredged swimminq holes. A small natural islet composed of coralline rul)ble i s 

located on the outer reef flat. <=) 

WATER CURRENTS 

Based on the results of various:Universit.v of ' Guam environmental studies, \1at" 
. cur~ents ,on the Tumon ' BaY reef ~fl~t~appear-to .be.resulated by.bathymetry, tid. 

wave action, and \~ind. 'The data were taken incidental to other studies; thus, 
the information on vlater currents , does I)ot ' l"eflect a cant inuous survey period. 
whiCh is necessary to detect seasonal variations. III particular, the bay's 
hydrologic response under typhoon conditions are not understood. The descrip­

tion of water currents provided by the existing data may reflect normal 
tradcwind conditions, most likely periods of moderate weather, and do not 
provide informiltion on conditions related -to storms sur:ges or changes in wind 
direction. Bathymetric data for the bay are lacking, except for a detailed 
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survey of the southern sector of the bay performed in 19;5 by the University of 

Guam, Engineering Technology Division, and biological transect profiles taken 

by various investigators. The profile data do not appear to be corrected to 

datum in some instances. HO'llever, the data suggest that the nearshore inner 

reef flat is deeper (2 feet helDl1 mean 101.,er low water) (r1llW) tllan the outer 

reef flat (0 feet) and that greater water depths (5 feet belo • ., \illW) are found 

in the middle sector of the bay near the hoat channel (Figure~. The 

southern sector is shallovl averaging about I foot belOl., NllW. The north 

sector appears to average about 2 feet belol., r~LlW. The depth of the boat 

channe lis not known, but may be about 3-4 feet be 10\., datum !lased on a US lIavy 

depth profile near the boat channel. During 10\1 tide the outer reef flat is 

exposed, generally isolating the inner reef flat from the Philippine Sea 

except for the boat channel connection. Since the tides in Guam 

are semidiurnal with considerable diurnal inequality. the inner reef flat ma~ 
-be isolated or partially iSOlated from the sea twice during each tidal cycle. 

TABLE I. GUN,! TIDE DATA 

Highest Recorded Tide 

Mean Hi gher Hi gh I~ater 

Mean High ',later 

Mean Tide Level 

~lean Sea Level 

~lean lovl \~a ter 

Mean lOI'ler lOl1 ',later (Datum) (r-u.lW) 

lOl.,es t Recorded Ti de 

+3.31 feet 

+2.4 feet 

+2.3 feet 

+1.45 feet 

+1 :41 feet 

+0.0 feet 

0.0 feet 

--I.S9 ,feet 

o 

Jones and Randall (1972, 1973) suggest that tl.,O current cells exist in TIl/lIOn 

-Say, and that both cells depend."upon . tidal conditions, wave activity. and 
bathymetric graaient. ' During·-Sif9l1 t-iile (Figure-4f. 'the ·\1ater depth over the . -... 
outer reef flat increases, permitting wave energy to transport water onto the 

reef flat creating a hydraulic imbalance \·Ihich ldr.ives .the currents on the. reef 

flat in the southern part of the .bay. The curreil't 0f110ves nortlll.,ard from the 

Hilton Hotel then seaward throug" the hoat channel. In the northern sector of 

the bay .fronting O~lIra Hotel, Jones _and Randall (1973) found little or no water 

' movemen t -except 'during t i da I changes-,.,hen a "wea~ -.seaward flo,,, into the boat 
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channel was detected during. falling tide and a weak inward flow was detected on 
the rising tide. They attributed the lack of a measurable current to the lac~ 

of wave activity on the reef front and hypothesized that the northern area of 
the bay was protected from wave activity by Amantes Point located to the norL~ 
of Gognga Point. 

The bathymetric gradient appeared to be a major factor influencing current 
~- ... .;:- .... -

direction. During -fall ing tide (Figure_~U_, water flo:'1s northl'lard from the ... 
southern sector of the bay fo 11 ol'ling the bathymetric gradient to the north. 
The tidal floVl appears to be stronger than the effect of the prevailing wind, 

which creates a surface flow to the south 'llest within the top 10-20 cent imeters 
of the water surface (Jones and Randall 1973). During flood tide ff·igure Ij) r ' 
the current direction is weakly reversed until such time as the water height 
over the outer reef flat permits wave activity to transport water from the sea 
onto the reef flat. During peak 101'1 tide, dye measurements by Jones and · , 
Randa 11 (1972) indicated a northl'lard current despite the prevail ing northeast 
trades and 1 ac" of wave transport onto the reef flat. The continued northward 
current direction, although wea~ and barely detectable, 'could be the result of 
wind driven water pi led up in the shallow end of the bay. forcing 11ater ·to flr . 

bac" toward the deeper parts of the bay. Current velocities measured by Jones 
and Randall (1972) over a short time span. ranged from 0.30 to 0.56 knots on . 
the reef flat at Ypao Point. to 0 to 0.66 knots in front of the Hilton Hotel. 
Clayshulte and Zolan (1978) measured current velocities in front of the 
Continental Hotel ranging from 0.24 to 1 knot. Marsh (Personal communication. 
1980) suggested that the high elevations around the islet force water driven 
over the reef flat to converge in front of the Continental Hotel where an 
increase in current velocity is experienced. 

Current measurements taken offshore at Fafai Beach (Gun Beach) in 100 feet of 
water by the US Navy 1974 found a net southwesterly flol'l with extremely slow 
current yelocities; a major.ity of measurements are less than 0.1 knot (0.5 

. . 
m/second) and very fel'l greater than 0.3 knots (0. 15m/sec) • 

LITTORAL P~OC£SSES 

The unconso 1 idated sediments (salld. cora I rubb Ie. and boulders) on .the reef 
flat reflect movement and sorting by waves and currents. ·The outer reef flat 



consists principally of flat limesto~e pavement with coral boulders tossed up 
by wave activity on the reef front. Sand and coralline gravel and rubble are 

found in layers varying in thickness from a thin veneer to a meter or more on 
the inner reef flat zone I.,here the water is more quiet. The bay shoreline 

consists of stretches of sand and rocky limestone headlands. The beach 
deposits are quite deep (30 feet or more, Randall and Holloman, 1974) and 
are composed predomi nant 1.1 of she 11 and cora I fragments refl ect ing their reef 
origin. Wnile the Shoreline is generally sand, the shoreline and nearShore 
waters are littered with coral rUbble and aggregate washed in from the :eef 
edge. Sedim~nt size gradation by Clayshulte and Zolan (1978) and the Corps of 
Engineers (1980) indicated sorting by the reef flat currents. The Corps 
analysis of beach material indicates a general trend tOI.,ards finer sand in the 

northern sector of the bay, and the sand in the northern sector is better c-> 
sorted (having a more consistent grain size) than sand in the southern secto,-. 
Clayshu1te and Zolan recorded a lateral movement of sediment from the 
Continental Hotel storm drain northl-Iard from its point .of entry into the bay. 
The rate of sand movement along the beach has not been studied or estimated. 
Based on Corps pe~mit records, the Ypao Seach dredged. swimming hole has never 
been maintenance dredged since 195? and there is no indication from the G~a: 

Department of Public Works of a need to dredge the swimming hole. The Hilton 
dredged swimming hole ~Ias recently maintenance dredge (1979-1980) since it wa:; 

first constructed about 1973. The maintenance dredging cycles suggest that 

rate of sand movement in the southern end of the bay may be s 101i. 

o 
EROSION HAZAIW 

The broad sha1lo\., reef flat, which acts as a buffer or ,.,ave dissipator 
protects the bay from storm surges by reducing wave energy affecting the 
beach. No data were available to determine the. effects of storm ,.,aves on the 
bay shore line or ' shore propert ies. ' The data ' sugges t that ' the shore is 
relatively stable except for (a) the t\iO areas previously identified; and (b) 
the impacts of typhoons. 

A visual survey for erosion prohlems in Tumon 8ay (US Army Engineer District, 
1980) indicated that the Tumon 8ay beach system is stable under -e.'dsting­

-conditions, -except "for a section ~f ; Naton Beach invnediate1y north- of the 
Dai-lchi Hotel where roots of three coconuts trees are exposed and andther 



· , 
tree is toppled. The condition may reflect a slow erosi?n process. A beach 

section in the center of Ypao Beach may be eroding based on the presence of an 

escarpment at the foreshore crest. The potential erosion hazard may be related 
to storm wave activity, but no studies are available to confirm the hypothesis. 
No signs of erosion ~/e"e noted in the area fronting the Ypao Beach dredged 

.swillllling area. 

The orientation of Tumon Bay on Guam permits t~e land mass to Shelter the bay 
from the prevailing northeast trades and wind driven waves. However, the bay 
is exposed to storm surges and typhoon waves from the Ifest and northlfest. On 
an average 2-3 typhoons a year pass l1ithin 180 nautical miles of Guam. A 
typhoon can occur within any month of the year, but occurs mare frequently in 

the months of August through November with pea~ activity occurrin~g,u.r.!~~ ~~ 
period from October tnrough Ilovem'Jer. An anal'ysis of \'lave heights .. l'rom various 
directions (Edward K. Noda and Associates, undated) indicated that 41% of the 
waves heights varying from 0 to 6 feet and 20% of the wave heights over 6 feet 
were related to tropical cyclones. Specifically the analysis indicated that 
tropical cyclones were most li~ely to generate waves which approached Tuman 
Bay from the I'/est and north\~est. Storm waves. and surges related ,to tropica 1 

cyclones can cause extensive flooding and 'erosion of coastal areas depending' 
upon factors such as, wind direction and speed, state of the tide, rise in 
water elevation due to reduced barometric pressure, configuration of the coast 
and bathymetry on the reef. In spite of Tumon Bay's exposure to storm waves, 
a comparison of 'aerial photographs of the bay s~oreline taken about 1960 and 
in 1975 (prior to Typ!100n Pamela) indicated no significant change in the 
shoreline. Secondly. the islet on the outer reef flat. which is co~posed of 
coralline rubble tossed up by ~/aves has grown in size over the last 15 years 
(Eldredge, 1980/personal com~unication) and has become vegetated. 

WATER QUALITY 

W~ter quality data for Tumon Bay are not extensive. Four sources of Ifater 
quality infonnation were available for revielf. Only the Guam Environmental 
Protection Agency monitoring of bacterial contamination, water temperature and 
pH covered a long time span (11 years). Zolan, et al (1978) performed a 
detailed chemical analysis of ground\'/ater seepage into Tumon Bay. Clayshulte 
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. , 
and Zolan (1976) studied the effects of stormwater discharge .at the Continental 
Hotel, and Marsh (1977) studied the nutrient concentrations related to pllyto­
plan~ton blooms in . Tumon Bay. Tile studie~ were performed over a relative 
short period of tfme, approximately one year on an irreglllar basis. These 
studies in conjunction with the oceanography studies previously mentioned 
provide some information on water quality in Tumon Bay. 

Water e;(change and flushi.ng on the reef flat in Tumon Bay is considered good 
in the southern and middle sectors of the bay. The tidal exchange is 
unobstructed and the shallow bathymetry permit large volumes of water to 

exchange during each tidal cycle. !he predominant current ensures a continuous 
flOl1 of water o'ler the reef flat. Clayshulte and Zolan measured a water volume 
transport in front of the Continental Hotel ranging from about 3 to 16 cubic 
meters per second for all tidal stages during their period of study. Jones and 
Randall (1972) felt that water exchange and flushing in the northern sector of 
the bay in front of a<ura Hotel was poor because of the ' slow movem~nt of their 
dye patches and the complex current patterns encountered. 

Nutrient measurements in Tumon Say indicated that the bay tlaters contain a hi., 
concentration of nitrates due to the lJigh volul'le of groundl·/ater seeping into 
the bay, and that the bay water has a 1011 concentration of phosphorus. The 
rate of groUnd\13ter seepage into the bay I:'as partially measured by Emery (in 

March 1977). He found a rate of flow of about 150 cubic feet per second for a 
lSD-foot section beach near the Reef Hotel. Zolan, et al, identified 5 major 
seepage sites in Tumon Bay located hear the Hilton Hotel, Continental Hotel, 
Reef Hotel and the Okura Hotel. ~Iarsh indicated that a freslll>/ater spring could 
also be found on the inner reef flat fronting the Reef Hotel. Water samples . . 
ta~en over a one year period by Marsh contained mean nitrate concentration of 
about 8 microgram-atoms per liter and a reactive phosphorus concentration of 
about 0.2 microgram-atoms per liter. Marsh hypothe~ized that an increase in 

phosphorus concentrations during the early part of the rainy season in April 
comb ined with the s 1011 rate of water exchange in the northern sector of the bay 
results in a periodic dinoflagellate bloom.~,The blooms never reached propor­
tions to cause fish ~ills or major outhrea~s of ciguatera. Jones and Randall 
indicated that the bloom is an annual event that may have occurred over many 
years. They ment ion a Chamorro 1 egend sllgges.t ing that the water disco lorat ion 



. , 

caused by the dinoflagellate bloom was the blood of Fathp.r San Yittores that 

appeared each April to haunt his assassins. Father San Yittores' was killed 
and his body thrown into the northern part of the bay on 2 April 1672. Marsh 
found that during bloom condition mean nitrate values decreased to about 
4 microgram-atoms per lier and mean phosphorus values increased to about 
0.6 microgram-atoms per liter. Clayshulte and Zolan in their study of a storm­
water discharge into the bay found that storml1ater contained a high concentra­
tion of both phosphorus (0.123 - .750 mg/l) and nitrates (0.212 - 0.238 mg/l). 
but that the nitrate concentrtion in the groundwater seepage into the bay 
masked the nitrate contributions and effects from storm drain. 

Salinity characteristics in Tumon Bay are not well documented. For the area 
fronting the Continental Hotel. Clayshulte and Zolan measured a salinity rang­

ing from 31 0/00 to 340 /00 with a mean salinity value of 320/00. The data c=> 
suggest that salinity within 5-10 meters from the shoreline may range from 

. 31-320 /00. and 32-340 /00 within 10-50 meters of. the shore. They .found 
.that the discharge of storm;~ater into the bay created a salinity decrease of 
about 40 /00 within 5 meters of the point of discharge, but no change ~lithin 
10 meters of the storm drain. The informa~ion suggests that mixing action on 
the reef fI at is suffiCi ent to 1 imit ' any sa 1 inity s tress associated with , ( 

5 torl11l~ater 

d i sch arges. 

Water turbidity characteristics are also not I~ell documented. Clayshulte and 
Zolan fou nd turbidi.ty values ~lithin their storm drain study area to ~e con-C=> 
sistently less than 1 NTU. Storm\1ater runoff turbidity ranged from about 2 to 
18 NTU, 'but 'was confined to "the ' nearshore area. 

Clayshulte and Zolan did find that storm drains w~re sources of bacterial and 
. heavy meta 1 contaminants .into q umon· Bay. ,HoI1ever, human use. of the nearshore 

waters also contribute to bacterial contamination in the bay. The long-term 
effect of heavy metal contribution to the bay is not k~own. 

H[STOR[C SITES • 

. Twelve remnants of the -Japanese defense structures from' World War .11 at Tumon 
-Bay ar.e located along the Tumon "'Say-shoreline '(Figure ....::,). 'The State Historic 



Preservation Officer indicated (29 August '1979) that the system appeared essen­
tially undisturbed and was the only intact system on the island. location Z 
had two large destro,ve1 gun empl acemer'lts r'lear Gognga Beach. Both emphcem~r'lts 
appeared to have been destroyed by internal explosions. There was also 

' evidence of fire. Location B, Naton Beach, had t\~o small pillboxes which were 
in fair to poor condition. Location C, Naton Beach, some times considered 
Tumon Beach, had one small "one-man" bunker (similar to be one at Location A) 
and one large pillbox. Both structures were in excellent condition. Location 

' 0, Ypao Beach, had a one-man cave pillbox, one small pillbox and one large 
heavy gun emplacement. The pillboxes were in good to excellent condition, and 
the gun emplacement was in fair condition, though it had been partly destroyed 
(probably to remove the 37 mm guns). Location E, Ypao Point Beach, had t~o , . 
small rock cave pillboxes in good condition and one large heavy gun emplace­
ment. This emplacement appeared to have taken a direct hit from a naval gun 
during the war. It had been partly restored, though obviously not by 
professionals. The defense structures used by the Japanese at Tumon Bay were 
basically constructed of strap metal for reinforcement and concrete. Bits of 
old tanks, water pipes, accordian wire, and reinforcing rods ~Iere cor.rnonly 
used. Natural cave formations, beach rock, b'oulders, and sand were uti1 ized ; 
Molds for the interiors were constructed of 8" x 8" timbers and s'ometimes (for 
large structures) whole coconut tree trun!(s. 
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ALGAE 

Tsuda (in Randall 1978) characterized the algal f10ra in Tumon Bay during two 
different seasons. The number of species and the percent cover increased ·from 
the shoreline to\~ard the reef margin, and the percent cover was higher in the 
months of Ilovember and Decemb'er in comparison to May and June. Fifty species 
were found during tne survey with 14 species com~n to the three transects 
sites studied during the survey. Nine species were not found in the 
Novem!ler-December survey ~Ihich were present in the May-June survey. Tsuda 
(1974) in a discussion of the seasonal aspects of brown algae in Guam 

indicated that the majority of seasonal species are most abundant between 
January and June. However, Tsuda notes that healthy thalli can be found 
throughout the year in the intertidal zone in areas of heavy surf action. 
Randall and Jones (1972, 1973) also added to the list of algal species . 
recorded from Tuman ~ay. 

The most significant algae in the bay appears to be Entero~rpha clathrata 
which serves as a food source fOr the rabbitflsh, Siganus; this alga is a . 
nuisance to hotel operators hecause of ~ts accumulation on the beach and 
presence in nearshore sYlirMIi ng waters. The alga is concentrated a long the 
shoreline and is present throughout the year with large monthly variations in 
standing crop. Hean standing crops at three sample sites ranged from 7.5 to 
44.1 grams per square meter dry weight (Fitzgerald, 1977). tlearshore. 
Enteromorpha tolerates a wide variation in salinity and produces a rich growtlJ 
due to ground',later nutrient enrichment. Wave action and !1ind surge appear to 
be major factors controlling the distribution of the alga. Forceful surge and 
small breaking 11aves during periods of high surf or high 11inds result in a 
decrease in standing crop or complete elimination of the alga thalli. Grazing 
by large' runs of herbivorous rabbitfish can also completely eliminate the . 
thalli. However, the holdfasts 'usually remain to produce future crop of 
algae. Any material providing a stable SUbstratum. including coral rubble and 
fragments, mollus~ shells and rocks, is used by the algae. The .alga can also 
form dense mats that stablize sand particles and that can 11ithstand 11ater 
movement having velocities 5 times that required to dislodge sand particles. 
Ho·.1ever. shiftin9. substrates. ahrasion and burial can preve'lt the grol'lt-h of 
the alga. Dessication resulting from extreme 1011 tides is another stress 
factor which may limit the distri~ution of. the alga. 



" 

CORAL , . 
Coral zonation in Turnon Bay has been extensively studied by Randall (1971, 
1973 and 1978), and Randall and Eldredge (1974). Specific site surveys by 

Randall and Jones (1972), 'Jones and Randall (1973) and the U.S: Navy (1974) 
contribute to the knowledge about coral distribution in Tumon Bay. Randall 

(1978) provides the most recent baseline study which characterizes coral 
distribution and physiography in Tumon Bay. Factors affecting coral 

distribution and zonation on the reef included ~Iater depth. tidal exposure, 
water temperature and substrate composition. Corals cannot tolerate long 

periods of emergence; thus, they are limited to submerged areas on the reef 

which retain ~/ater during low tide and low spring tides. Elevated water 

temperatures have lethal and sublethal effects on coral. Water circulation 
helps to reduce the variabil ity of the water temperature. ho\~ever, spring low 

tides drastically reduce \1aterflol~ over the reef flat and increase thermal 0 
stress. r~ost corals require a solid and relatively stable substrate for 

successful growth. Sandy areas tend to be devoid of coral, and rUbble ,areas 
tend to have a patchy distribution of coral. Randall ,found that the sandy, 

inner reef flat zone which retains water during 10)1 spring tides,was almost 
devoid of coral. The rubble zone had a patchy distribution of coral, but near ' 

the outer reef margin the greatest diversity of coral on the reef could be 
found because of the relatively solid substrate. The outer reef margin tlas 

devoid of coral due to continuous tidal exposure. In general, areas which had 
solid substrate and a constant cover of water produced the greatest diversity 

and abundance of. coral on the reef flat. Randall (1973) found that the 

percentage of cora I coverage and the number of sp'ec ies increased with distance 0 
from shore reaching the highest values on the reef front (Table ). Some 

~ 

' species were restricted in their;.distr-ibution to either the reef f.1at or reef 

front, and others \'Iere found in both zones. 

Reef lone 

Inner reef flat 
'Outer reef flat 
*Reef margiri 
Reef front 
Submari ne tel"race 
Seal'i.ard slope 

48 
~37 

~Table 

,59 (26) 
98 
73 

-.57 

*Based on use of t\~O transect areas. 

' Cover , 
"5.4 
H4.9 
43.8(9) 

. 49.1 
59.5 

' ,50.1 



Nearly 80~ of the coral on the reef flat with a diameter var:ling between, 0-10 -
centimeters were found in the inner reef flat area (Randall, 1978). The large 
number of small corals in relation to the small number of large size corals 
suggests that ttie re~f _ platform is an unstable environment where coral -
recruitment and mortalit.v are high, preventing corals from aging and reaching 
larger size. Coral in Tumon Bay is susceptible to predation by the 

cro\~n-of-thorns starfish, Acanthaster planci, which devastated the coral on 
the Tumon Bay reef front during 1969 - 1970 (Tsuda, 1971). 

Of the 7 harvestable corals identified by Hedlund (1977), four are found in 
Tumon Bay (Table __ ). The blue coral, Heliopora coerulea, was identified as a 
species to be protected from overharvi!sting. None of the rare corals 
identified by Hedlund were listed in Randall's studies. 

Acropora irre9ularis 
Acropora acuminata 
Fun~ i a f ung ites 
Hellopora coerulea 

TABLE 

Location' 

un'<nown 
inner rei!f flat 
reef front 
inner reef flat to 

reef front 

OTHER I-lACROI NVERTEBRATES 

Range 
Dens it,v/m2 

unlcnol'/ll 
0.12-0.14 
unlcnown 

0.08 

Convnon Names 

staghorn coral 
mushroom coral < 

blue coral 

: 

A systematic study of the distribution and physiography of the macroinver~ 
tebrate fauna in Tumon Bay has not been don~. Randall and Jones (1972 and 
1973) provides the best 1 ist of the invertebrate fauna in the bay; hOliever. 
their surveys were limite~ to two specific sites in the b~y. The value of thi! 
invertebrate fauna in Tumon Bay to the ecosystem or to man is not understood. 
Obviously. some invertebrates are used as a food source by fish and man. 
Others appear to serve no function, except that somi! might contribute to 
nutrient recycling or reiorlcing of the substrate. A survey in Tumon Bay of 
edible marine shi!llfish and Si!a urchins (Stoj'<ovich and Smith 1978) reported 

- -
the sea urchin, Echinothrix diadi!ma, concentrated on the reef front where the 
sea urchin attaini!d a population di!nsity of 0-60 per square meter (m2). - • 
The gi an t clam. Tr i dacna mal( ima', was foun"d in 10li numbers (17 /l00 i) in 
12 meters of water on the reef slope. The pearl shell, Trochus nilotus. was 



found on _the reef front in population densities ranging from 1.1-3.4/20 m2• 

The size of the Trochus shell increased with increased water depth. No large 
population of bivalves were found in the bay, although small infaunal forms 
were present. 

-"",he" 
The sea cucumbe~wa5 the most prevalent group of invertebrates on the reef 
flat. They are a source of food in some parts of the world, and are 
considered a nuisance by swimmers and waders who step on them and become 
enmeshed in the sea cucumber eviscerate. Twelve species of sea cucumbers were 
found in the bay by Birkeland (in Randall 1978) of which the black sea 
cucumber, Holothuria atra, comprised over half of the sea cucumber biomass in 
the bay. A mean holothurian _population density of 15.58 indivi_dualsl m 10m2 

and an average wet weight of biomass of 3.87 Id 19rams/lOm~ were calculated. 
Birkeland estimated that there I~as approximately 3 million sea cucumbers in 0 

- Tumon Bay that formed a biomass of about 824 tons. Data in Rowe and Doty 
-(1977) indicate that half of the 'species of sea cucumbers found by Birkeland 
are sand d\~ellers. 

FISH 
._' . 

-, 
Studies of fiShery r esources in Tumon Bay are limited to standing crop 
measurements and fishermen creel census by the Guam Fish and Wildlife 
Division, and a study of fiSh distribution on the reef flat by Amesbury 
(1978). Studies by Randall and Jones (1972, 1973) also provide a list of 
species foun-d at tI~o survey sites in the bay. The Guam Fish and Wildl ife data 
indicate that Tumon Bay was the most heavily fished inshore area on Guam. -

, -
However, realignment of the census areas prevents -an assessment of fishing 
activities in Tumon Bay. Fish standing crop measurements. showed a general 
increase in fish stocks 'although consijerable variation occurred throughout 
the period_ of' record from 1968-1973. :tast.QIet ~n~d '-surround"net ' f·ishing-.we"e 
identified as major types of fishing performed on the reef flat. -A reduction 
in cast net fishermen appeared in the data and the decline was attributed to 

an increase in tourist activity in .the bay, as -well as a ' lost interest"by 
younger residents. Gill net fishing \.,as said to -be decreasing in popularity . . 
while spin fishi~9 and spearfishing may be i~creasing in .popularity. 

o 
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The distribution of fish in the bay (Amesbury) appeared to be influenced by 
bathymetric relief, wave action and habitat preference. An increase in 

bathymetric relief provides an increase in habitat diversity. Heavy wave 
action ma~es areas inhospita~le to fish. Unstable substrates, such as sand 
and rubble, tend to bury habitat areas. Amesbury found tnat the abundance of 
fish and species diversity increased from the sandy nearshore area to the 
coral rich outer reef flat. Species habitat preference create zonation 
patterns in species distribution, since species preferring particular 
substrates were found in specific zones. A greater abundance and diversity of 
fish could be expected on the reef front because of the greater depth of 
water, bathymetric relief and coral diversity. Amesbury's survey did not 
assess the use of the reef flat by juvenile forms or extend onto the reef 
front. HOl1ever. most adul t reef fi sh usually spend a port ion of their 
juvenile life on the reef 'flat. 

Two fishes are seasonally abundant on the reef flat; the rabbitfish (Siganus, 
manahac) and the mackerel (Trachurops crumenopthalmus, atulai). The goatfish 
(Mullidae), jacks (Cara~x), surgeonfish (Acanthuridae), parrotfish (Scaridae) 
and snappers (Lutjanidae) are also commonly harvested from the reef. The 
rabbitfish is an important food fish throughout the Western-Pacific and 
traditionaJ.1y favored by the local residents. Tsuda (1976) provides data on 
the rabbitfish food and salinity preference and temperature and oxygen 
tolerances. Within Tuman Bay the rabbitfish are knol~n to graze on the green 
filamentous ,algae (Enteromorpha clathratal and tolerate the groundl~ater 
discharges in the area. A thirteen year harvest record for the rabbitfish 
does not indicate any significant patterns or cyclic trends. Years of 10\~ 

harvests and years of extremely high harvests are intermixed. The seasonal ' 
rabb'itfish runs usually occur before or after the last quarter of the moon in 
April and May. Occasionally a third and fourth run may o~cur in June and 
OctOber. While the runs are usually predictable, factors influencing ' the runs 
and the size of the runs are not knONn to science. 


