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The "Tumon 'Bay Planning" COU'J:littee,which has been meeting and providing the Corps -
with guidance, should establish scce recommendations for TUmon Bay improvements
and include them in the draft report for public revie~. These recomQendations
should be the product of our 4 December 1980 workshop_

The Corps would like to prepare a draft of tbis report for public reviev. The
review should be coordinatedby the Government of Guam and the Corps will participate
in workshops.

Next SteD

The Corps ~as asked by G~Jernor Calvo to assist in planning for Tuman Bay ~'Prov~ents.
S~bsequently. Mr. Jose ~rego. Director. De~nt of Commerce, hosted a meeting to
discuss problems at Tumon Bay. The Corps to review the existing information
and present it in a comprehensivereport vhich would describe the environmental
character of Tumon Bay.

Tbe Corps also ~ to propose an assessment of impac~s from ~ar1o~ con~eptua1
development options. These ranged from simple beach c1eaniDg to major dredge and
fill actions. The impact a~sessment ve show here is based ~ ex1s_ting:l.nf~rmation.._

Purpose of this Report



See "Stormwater Drainage.t-tanual"

Objective: Storm Drain'Control

Yes..UnknownUnknown.I

..
Objective: Prevent ~'RedTides"

Yea
Yes
Yes
Yea.
No+

Harvesting :
Mechanical
Band

Habitat Alteration
Deepen keef
Informative Displays

Objective: Sea Cucumber Control

-/0 Yes
-/0 Yes
-/0 Yes ·0Yes
..0/+ No
+ No

Herbicides
Reduce ground water influx
Increase substrate instability
Increase wave energy
!lechaniealHarvesting
Mechanical clearing the beach

Objective: Control Algae

. No
)Jo

Yes
Yes

Objective: Improve Boating

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

Yes
0 Yea
.+ No
+ .. Yes
+ No .01+ No
+ No

Create large swimming area
Create several small swimming holes
Build onshore 6W~ng pools
Create vide sand beaches
Build swimming piers
Build swimming platfo~s
Clean beach

Objective: Improve Swimming

No
Yes

+Transplant marine life
Dredging

Further
Environmenta
Studies

Euvironmental IapactAlternative

Objective: Improve Marine Resources

stIIWtY OF ALTEIUlATIVEANALYSIS
Environmental Impact: (-)-severe. (O)~oderate. (+)~n1ma1
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The Government has begun efforts to clean the beaches of trash. algae rafts
and debris. but felt that proDlcms deal1"9 with sto~ater. algae, sea
cucumbers and red tide conditions needed to be solv~ in order to enhance the
beauty and recreational 'enjoyment of the bay. stormwater runoff and
diSCharges were beli~ved responsible f~r the gradual erosion ~f the shoreline
and filling of the bay. Periods of increased algae growth in nearshore waters'. '

. ~

. .-recreational activities. .'

The Government and local interests had concepts of dredging the bay to restore
and enhance marine life. to widen the ex;sting'~ntrance channel for larger
pleasure boats, to create snorkeling trails and to deepen or channelize the
bay for swimming, water skiing 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 causeway to an enlarged offshore island were consfd~ed for p.sslve

D

Guam's tourist industry has worked to lure vfsitors to Gua. and JUmon Bay with
advertisements which 1~lied sunshine. sandy tropical beaches and swi.. ing
areas, and a myriad of water-contact recreational opportunities. However.
visitors find a narrow and sandy. but ro~y beach, a shallow fringing reef
which limits s\'1imllingand other water-contact recreation. and a laet 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 10cal residents, the Government of Guam embarked on a planning

.....,:.effort to increase recreational opportunities and diversity in the bay area by
- ~.. ' ...........
.~:: i'iiipf'ov4ng.tne bay's natural resources and encouraging the development of.a

water sport industry that would diversify and support water-contact recreation
[) in the bay. Private industry was quick 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. ·Splashdown.- A leisure sunset
cruise catamaran. operated by outboard motor, has been in operation for some
time.

PLANNING PROBLEMS MD CONCEPTS FOR TtJtOII BAY

•
,.



Oredging usually generates fine sediment 'by either resuspending material <=>. .
~already present on'tne-reef -or-gritn'=ing,·the-limestone.materia1 compr"ising,the
reef flat. The sediment material usually settles in the dredged areas. ,. .
creating.a 511ty bottom. and the aggregate,not,p1cked up by the dredge combine,-
to make an unstable substrate ,~hich is not readi1y-~olonized -by._rflk! ...
organisms. The sediment generated...bydr.ectging·.us,uallYincreases abrasion and
scour ~amageto marine~organisms'~peciallY~9he~e water current·are strong.
Wnere water currents are weak, nne sedimeiits"remain in the ..ater column ~or____ ~ a

,long periods of time, 'e'ffecfivelY''bloc!<ing',the-penetratton of"'ligtltthrough
the water column creating a stress for photosynthetic benthic organisms, and
inerease serlimentation~which can smother other benthic organisms. The erosi~n
of dredged'material~back 'into the·water aggravates turbidity-and sedimentation

d. Continual effects of turbidity resulting from creating a fine, silty
bottom or erodtb le fi 11 and the erosion of the dredged material bact into the
water.

c. Alteration of nearshore currents and wave energy on the reef flat.

b. Reduction in the abundance and diversity of marine organis-s.,-- -
oi. Reduction in habitat diversity due to modification of botto~

bathymetry and substrate.

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

d
IMPACT ANALYSIS OF PLAtltHNG CONCEPTS
DREDGING AND FILLING ACTIVITIES -

discourgared swiaaers from u~fng the"1fater._.,.a~rifts.f '.1.- ace_1.telI
along the shoreline created a smelly mess. Sea cucumbers were so nuserous on
the reef flat that waders stepping on them had their feet-enMeshed-fn the
sticky and annoying evisceration. Under'certaln conditions. a localized ~ed
tide condition occur~d off the Okura Hotel discouraging swf~rs and
detracting from the beauty 0'( the bay. ~.

."



tends to favor the recovery or colonization of one species over another. and
may not select for the desire~ organism. "Simply dredging without considering
the habitat requirements favorable to a desired species may result 1n~~he
colonization of undesired species,. some of which can increas~ hazards to
recre~tional uses Of ~ bay. Of course, dredging in lo~se, 'sandy areas with­
low biological divers~~inimizes 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 reco~ery
time.

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

~pportunity 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, bo~tom irregularity, species habitat preference,
substrate composition and vertical relief. In general, recovery is enhanced
when the amount of irregular, hard s~bs~rate and vertical relief are maximized
and water currents are allowed 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 replac~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. ..

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. Dred'ging the reef flat could have so"mebeneficial
effects under certain conditions.

stresses. The sedimentary .aterfal At the bottom of dredged areas· are easfly
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 dr~ge.
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,
Similarly, 'channelizing the reef could also result in increased shoreline
eros ion. On sna l Iow reef nats, the flow of water off the reef may be
restricted by bathymetry and a lack of a defined chann~l to the ocean. A
channel may decrease flo,.,resistance or permit a greater volume of water to
flow off the reef, resulting in either greater littoral current velocities or

from shoreline erosion.

D

Increasing water depth over the reef flat also increases the amount of wave or
surge energy tnat 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 sucn as those associated with a ty~oon. -In general,
wave height on the reef flat is limited by water 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
flat. The nature of reformed waves on the reef flat cannot be easily
expressed and is dependent upon a variety of oceanographic factors .such as
wave length, water depth and bottom configuration. However. the more shallow
reef flat preserved the greater the loss of wave energy in the reforrne(rwave.
An increase in wave or surge energy may also 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 curr-ents in the bay.
The combination of the two factors has the potential for increaSing the .
frequency of shoreline change whiCh may now be related only to periOds of
typhoons. At present, the Tumon B"ayshorel in~ appears stable and .some persons.
have built close to the shorel ine. Any increase in shoreline. Change could
result in property loss 'or damag~. as well as, costs to protect the property

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
repl acement wi 11 not, in JIOstcases , be as d;verse 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 r~duce the usefulness of the pile-suPDorted
structure since organisms on the reef flat may not be adapted to shaded
conditions.

..
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activities. The increase in recreational diversity poses a potential
prOblem. Areas in t~e bay would have to be set aside for swimming and boating
to preYenl intermixing the two activities. S~immers are more susceptible to~ '. .
injury from sail and p'ciwerboats when the two activities are mixed ~ithin the
same area. Secondly, not all visitors are water.-wiseto swim or boat safely

.
Bay was to increase swimming, boating and other water-contact recreational
The objective of increasing water depth ~n Tumon Bay and-channelizing Tumon

~... :RECREATION IMPACTS ·~IDPOTEHTIAl PROBLEMS

Fills, on the other hand, o~struct water flow and force water to flow around <=>
them. In Tumon, for example, enlarging the island may force more water to
converge toward the s~oreline, resulting in an increase in current velocity
and shoreline erosion. Accretion may occur on the shore behind the island
since the island may s~ield the shore from large storm waves. Coarse m~terial
normally moved by the waves will be deposited in the lee of the island. An
impervious caus~ay essentiallj o~structs ex;sting current flow. Currents in '.
tn~ southern sector of the bay may be weaker with no distinct pattern due to a

smaller drainage are~ and lack of a distinct channel. The quiescent condition
created could possibly cr~ate conditions for a dinoflagellate bloom. The
placement of culverts can permit the water to flow pass the·fill, but the use
of piles creates tne least interference and alteration of prevailing c=l
curr~nts. The cre~tion of quiesce~t waters or areas with poor circulation may
create conditions favorable for dinoflagellat~ blooms:

the creation of strong currents. Current velocities .ay 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 cha~nel orientation, ocean waves can enter the channel and break directly

on the snore)ine affecting shoreline sta~;lity. If the channel is aligned in
a direction concurrent with the approach of typhoon waves, the rate of
shoreline erosion coutd 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 seaward flowing currents in the channel.
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. .
Bay was to ~ncrease s~imming, boating and.other water-contact recreational
activities. The increase in recreational diversity poses a potential
problem. Areas in t~e bay would have to be set aside for s~imming and boating
to pre,Yent intermixing the hlo act ivities. S~.,inmersare more susceptible to

.,:_/ .
injury from sail and.power boats when the blo activities are mixed \tIithinthe

"same area. Secondly, not all visitors are wat~r-wise to swim or boat safely·

The objective of.increasing water depth .in Tumon Bay and channelizIng Tumon
-'

RECREATION IMPACtS -ArlO POTENTIAL -PROst"EMS
'..

curr~nts. The creation of ~uiescent waters or areas with poor ~irculation may
" .

create conditions favorable for dinof1agellate blooms.

o

fills, on the other hand, obstruct water flow and force water to flow around
them. In Tuman, for example, enlarging the island may force more water to 0
converge to~~ardthe s'loreline, resulting in an increase in current velocity
and shore1 ine erosion. Accret"ion may occur on the shore behind the fsland
since the island may shield the s~ore from large storm waves. Coarse m~terial
nor~al1y moved by the waves will be deposited in the lee of the island. An
impervious cause1ay essentially obstructs existing current flow. Currents in
th~'southern sector of the bay 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
placem~nt of culverts can permit the water to flo~ pass the fill. but the use
of piles creates tne least interference and alteration of prevailing

" "

.
upon channel orientation, ocean waves can enter the channel and brea~ directly
on the shoreline affecting Shoreline sta~ility. If the channel is aligned in
a direction concurrent with the approach of typhoon waves, 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 seaward flowing currents in the channel.

the creation of strong currents. Current velocities ~1.be pl~tfcularly
strong during ebb tide w~en both tidal water and water carried onto the reef
by wave energy runoff the reef simultaneously. While increasing the number of
Chann~ls in the reef may decrease the severity of the change to tne littoral
currents, the modifications can still affect shoreline stability. Depending
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~lternatives for alleviating the algal nuisance. include con~ro'ling algal
growth and dis-tribution, andLmecttanieally-burying O.rclearing the al.9ae from, -
the beach. In either case, -"'ther~ddetion 1n algal s"tandingcrop during the'
seasonal run of rabbitfish ~ay result -,fnan.early starvation of those juvenile
rabbitfish settliQ§ in the bay. or a reduced abundance of rabbitfish in the
bay. Methods of controlling the algal growth could include the use of aquati.c
nerntc ides, mt:!chanlcalharves ting or contro 11ing environ~ta I factors whic".-
regu late the dis tributi"n and abundance of algae, such as rO~nd\Bter.. ---
~ubstr,ate~rabi1 it), and \'Iav~act ion. Metho~s of cleariflgthe algae washed up
on the beacl1l'nVO ve mdchanical clearin.g and disposing of the algad at a dump
or in a hole dug 09 the beach. An e~aluation of-the alternatives is provided

Enteromorpha c lathrata, a green filamentous alga, appears to be the alga
caus-1ng a nuisance to hotel operators and beach users. TIlealga grows in
nearshore waters in a narrow band along the shoreline and thrives in areas of
ground't'/aterseepage protected from \'iaveaction and surge •. When in full bloom •.
~he alga does not fill the bay, but the green thalli darken the water
nearshore, hide tne bottom from sight, and tangle around the feet of waders,
making the water unpleasant to sight and for ''ladingor swilll11ing.Wave action
and surge which brea~ the thalli from the substrate, deposit the alga on the
beach and in nearshore waters where it chokes the water and rots and smells,
making the beach unpleasant to use. Contr~ry, to belief that the alga decreases~
the presence of marine life. the alga creates a ~abitat for a .yriad of inver-
·tebrates and is a principal food source~or the rabbitfish.

oALGAE

within the bay or in waters outside the bay. Strong iittoral or'rip currents
and sudden drop-offs or noles pose potential threats to swiftDers. 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
waderslfO range far ~ wide. Channels· and deep areas can prevent waders from
reachin9 Shallow, wadeable areas within the bay. An evaluation of various
methods to increase recreational diversity in Tumon Bay is displayea on
Table

·~- .
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Sea cucumbers form the greatest biomass on the shallow reef flat in Tumon
Bay. Uninformed waders who step on a sea cucumoer may have t~eir feet and
hands entangled in a sticky and annoying evisceration from the sea cucumber.
The inconvenience of the affair is vi~4ed by some as a nuisance requiring some
corrective measures. Ways to reduce the conflict between man 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, ~eepen;ng the reaf to minimize wader contact with theI~'sea cucumbers or creat~~displays a~ each hotel to inf9rm visitors of the reef

~~ .
fauna to be found on the reef and~potential hazards or annoyances associated
with certain fauna. Table . evaluates t~e alternatives.

SEA CU~~BERS
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-,

present 1y contribute 'to-erosion -of the.t.stloreline.-al~eratlons of "the 'Httora I
currents by other development in the bay"may alter the shoreline processes-:~-.i.~'

c~ -
·that.the out let structures may act as .groins along the beach.or -be'dam~ged-'by-
~hore 1ine ereston,

,:'
conventional drainage outlet systems ...Wh.Ue "storm drain Outlets 5do Dot

The cont inua'lconstruct ion of drrinage--S:VSt~s that di scharge lnto ~Turrl(inBay
wi 11 increase the problems associated wtth the existing s_to...drains •. ·'Thus,.

. -7 •.

·we can reference ~he '!Storm-Orain4ge"Manull· wt),fch.;;discu$ses:those~thods to
,reduce 'S'tOrlR\iaterrunoff ·and;:o'1ncrfac1i}ysdisc~rge -'~toralldter"intottlie -ocean:.., ..~ ...~ -
neei.bto be considered and possibly'iQlj)lemented-,nstead.of,"'theconstr~ion of

. ....
omosquitos.

Storm drain structures on the beach are aesthetically displeasing and are ats~
sources of trash and debris on -the beach following periods of significant
rainfall. Storrnwater discharges are known to contrihute to·a temporary
increase in water turbidity nearshore and to introduce nutrients and
pollutants frpm the drainage area jnto the aquatic environment. In Tumon Bay.
'A'''' .4·.'(~

the increasea levels-of phosphorus,may be linked wit..dinoflagellate "blooms
that produce a red tide condition in front of the O~ura Hotel. Nutrient and
salinity effects are concentrated nearshore, but masked by the input of
freshwater and nitrogen from ground~ater ,seepage. "Sinae bathymetric
monitoring is not being done, the rate of infilling in the 'bay due to
stor~~ater sediments is not known. While sediment deltas have built up in
front of the drainage structures, ~he deltas ,are willowed away by the littoral
currents, and do not create a significant -discoloration on·th~ ~ea~h·because

C:I'~-t.~"· .. , I· -...~.:.r ..........:.4'.....-(...:.. :-:

-o.~ the calcium carbonate flatu'r:e·of the material in the delta: The beac" is ;....
• I

relatively stable, thus there is no evidence ~hat the storm drains presently ,
contribute to the-gradual erosio~ of the_shoreline. ~tor~~ater trapped in the
drainage system following periods of high rainfall become breeding places'for

- , ~ 1IIIiP-I.. ,_ .... •..: iIIJ': _

five storm drain outlets are leno,,,"to-discharge "'to.Tumon1la1~ OB.l,; e ....s
been the subject of a short-term scientific investigation. indicating the lac~
of information concerning the direct effects of stonawater discharge- into
Tumon Bay, although the nature of stonawater quality was investigated by the
University of Guam Water Resources Research Center.

..
•

....STORM DRAWS



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 energy by
Amantes Point, suggesting that wave 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 t;: the substrate may ~e activated_;~bfsuspen~iori'"}n':"--:'--:
the-water together with'organic'material from the substrate. The reduction of.,.t:-.: f·_~.!:' ......'·.a" I.'" " ,........
phosphorus concentrations in storllMater,.maybe' a: poss ibility.--but-ma,r-:a lSo be
difficult to achieve.due·to··the porous~nature of..the ground. The technique of,
removing ~losphorus may also require stormwater treatment system that may not- - .

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

pub 1i~~~.~~1~_~.,~~~.~~1'f.}~~ivJe,:~..~~?~~~~.U!Tl!~.sl.e~~~!'~~P..o~~~.:~ f~d
tides,·,.~aniffish and shellfish kills 'inother areas of the trorld. 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 Tumon Bay
red tide phenomenon.

DINOFLAGELLATE BlO~~ - -REO TIDE-
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which is neaessary to detect seasonal var!ations~ ~tq'partlcular,:the bay's
hydro logic response under typhoon condit ions are not understood. The descr ti
tion of water curr~nts.provided by the existing data may reflect normal
trad~ind conditions, most likely periods of moderate weather, and do not .
provide lnform~tion on conditions related+to storms sur~es.or changes in win
direction. 8at~ymetric data for the bay are lacking, except for a detailed.•

. .
Based on the results of varfous~University of.·GuaJD_enviJ:onmentalstudies, vat

. .
_..eoreents.~ "'tIletTumon I;Ba,yree f tf.l:a t~lPpear~ ~e.l:C9u) lted :byJ»athynaetr.y, tid

~ _ • III ~

wave act ion, and wind. -The data were:;ta!cenincldental to other studies; thus
~ -- ........r 7~~

the information 'on \'/ater-currents..does .not-r:eflect aconttnucus .sUrvey perio(. ",-_

WATER CURRENTS

The bay's natural geological, climatic, and oceanographic conditions influence
the bay's hydrology, water quality and biologic resources. Recent data on t:J
existing reef environment is derived principally fro~ studies performed by
~embers 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 characterized by several zones (Figure Z·) 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..dred_ged.boat cna-met and t\YO

dredged swimminq holes. A small natural islet composed of coralline ru~ble i:

located on the outer reef flat. ~

Tumon Bay is located (figure ) between Ypao Point and Gog"ga 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 ~Iong the edge of
the plateau surround the b~y attaining an elevation of'15-3O feet at Yp~o Point
and rise to an elevation of 60-80 feet at Goqnga Point. The embayment includes
a wide, but relatively small, coastal terrace and a broad, s~allow fringing
reef ,which is about 1,000-2,000 feet wide. limestone outcrops along the s~orc­
line divide the bay into three beach regions; Ypao Beach. Haton Beach and
Gognga Beach.

ANALYSIS OF EXISTING ENVIRONMENTAL CONDITIONS
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Transect Studies,'university of _Guam Marine laboratory, Techn~cat Report

:.:No. 48.

'7. Randall, Richard H., and Jones., "Robert S~, .1973,_:A r:tarineSurvey of the _.
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Job Progress Reports COVering the period from 1970-1978. (Transect
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Marine laboratory Technical Report No.2.
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outer reef flat Increases , permnting wave energy to transport water onto the
reef flat creat.i~g"a hydraul ic iflDalancewhicbHI~W:es -the currerats.on the·reef
flat in ·the southern part of the bay. The current'~es'nort~ward from the
Hilton Hotel then seaward throug'" the boat channel. In the northern sector of
the bay.fronting O~JJra Hotel, Jones_and Randall (l973i found little or no vatet'

1IIOvemel1twexcept'during tidal changes-when a4fea~·.seir.'fardflow into the"boat

Jones and Randall (1972. 1973) suggest. that bi0 current cells exist in Tqmon
"Say, and that both cells-depend.4Ipon~tidal.conditiolJ~. wave~activit.r•..and.
bathymetric gtiCIiel1t.7Ourtng-Jifgh l"';CIe,:(Ftgure!".4).":the..water·dePth~Over t.Jte. -

-,

o

'+3.31 feet
+2.4 feet
+2.3 feet
·+1.45 feet
+1:41 feet
+0.6 feet
0.0 feet

-~1.89\feet

Highest Recorded Tide
Mean Higher Hi gil tlater
Mean High Water
Mean Tide level
Mean Sea Level
Mean Lo",Wa ter
Mean lO\'IerLo\'IWater (Datum) (f.f..lW)
.lo\~est Recorded Tide

TABLE 1. GUN~TIDE DATA

survey of the southern sector of the bay perfomed ill 19;5 by the Univer-sit7 Df
Guam, Engineering Technology Division, and biological transect profiles'taten
by various investigators. The profile data do not appear to be corrected to
datum in some instances. However, the data suggest that the nearshore fnn~
reef flat is deeper (2 feet below mean loWer low vater) (MllW)t~an the outer
reef flat (0 feet) and that greater water depths (5 feet belo~ ~lW) are found
in the middle sector of the bay near the boat channel (Figure..:i). The
southern sector is shallow averaging about I foot below ~LLW. The north
sector appears to average about 2 feet belo~ MLlW. Tbe depth of the boat
c~annel is not known, but may be about 3-4 feet below datum based on a US navy
depth profile near the boat channel. During low 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 .a ~
,be isolated or partially isola~ed from the sea twice during each tidal cycle.
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-
The unconsolidated sediments (sa~dt coral rubble. and boulders) on ~he reef
flat reflect movement and sorting by waves and currents. ·The outer reef flat

LITTORAL P~OCESSES

Current measurements taken offshore at'Fafat Be~ch (Gun 'Beach) in 100 feet of
- .

water by the US Navy 1974 found a net southwesterly flow with" extremely sl~
current yelocities; a major-ity of measurements are less than O.l.knot (0.5- "

m/second) and very fe~ greater than 0.3 knots CO.l~/sec).

wind driven water piled up in the Shallow end of the bay. forCing water'to fl~'
back 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 lolan (1978) measured current velocities in front of the
Continantal Hotel ranging from 0.24 to 1 !cnot. Marsh (Personal conmunication,
1980) suggested that the high elevations around the isl~t (oree water driven
over the reef flat to converge in front of the Continental Hotel where an
increase in current velocity:is exp~rienced.

D

The bathymetric gradient appeared to be a major factor influencing current
~~~ ~

direction. Du"ing·f~l1ing tide (Figure_~)_,water f1o~s north\'1ardfrom the
southern sector of the bay following the bathymetric gradient to the north.
The tidal flo~ appears to be stronger than the effect of the prevailing wind,
which creates a surface flow to the southwest within the top 10-20 centimeters
of the water surface (Jones and Randall 1973). During flood tide ff·igure 6) 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 10,'1 tide, dye measurements by Jones and " -
Randa 11 (1972) indicated a north''Iardcurrent despite the prevail ing northeast
trades and lack of wave transport onto the reef flat. The continued northward
current direction, although weak and barely detectable, "could be the result of. ., ..

channel was detected during. falling ttde and a weat fnward now WIS detected on
the rising tide. They attributed the lack of a measurable current to the lact

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.



A visual survey for erosion prohlerns in Tuman Bay (US Army Engineer District~
1980) indicated that·the Tumon Bay beach system is stable under·existin~
-condtt tonsv-except 'for a section of:.NatonBeach :1Q11k!diateJy north-of the
Dai-Ichi Hotel where roots of three coconuts trees are exposed and another

the impacts of ~yphoons.

The broad Shallow reef flat. which acts as a buffer or wave dissipator
.protects the bay from storm surges by reducing wav~ ene~gy affecting the
.neach. ·.Nodata were available ..t.() determine;'the~effecis' of $tonn.w~ves 'on the
bay shoreline or':shore p~opel"t'ies:'~e dai~~~99~~t~h~t·"ihe:~ho...e is
relatively stable except for (a) the two areas.previouslY ide~tified; and (b)...

EROSION HAZAlm
o

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

found in layers varying in thickness from a thin veneer to a .eter or more on
the inner reef flat zone where 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 predomtnantly of shell and coral fragments reflecting their reef
origin. ~nile the shoreline is generally sand, the shoreline and nearshore
waters are littered with coral rUbble and aggregate washed in from the reef
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 to\'Iardsfiner sand in the
northern sector of the bay, and the sand in the northern sector is better
sorted (having a more consistent grain size) than sand in the southern secto~

'Clayshulte and Zolan recorded a lateral movement of sediment from the
Continental Hotel storm drain northward from its point Df entry into the bay.

The ra~e 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 Gu~

. .
Department of Public Works of a need to dredge the swimming hole. The Hilton
dredged swimming hole was recently maintenance dredge (1979-1980) since it was
first constructed about 1973. The maintenance dredging cycles suggest that
rate of sand mQvement in the southern end of the bay may be slow.



W~ter quality data for Tumon 8ay a~e not extensive.. Four sources of water
quality infonnation were avai1a~le for review. Only the Guam Environmental
Protection Agency monitoring of bacterial contamination, water temperature and
pH covered a long time span (11 y~ars). Zolan, et at (197S) performed a
detailed Chemical analysis of ground~.,aterseepage into Tumon Bay. Clayshu1te

WATER QUAlITY

.
were related to tropical cyclones. Specifically the analysis indicated that
tropical cyclones were most likely to generate waves which approache~ Tumon
Bay from the west and north~est. Storm waves and surges related to tropical
cyclones can cause extensive flooding and'e~osion of coastal areas dependin~
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 bathymet~y 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~oon Pamela) ~ndi~ated no significant change in the
shoreline. Secondly, the islet on t~e outer reef flat, which is c~posed of
coralline rubble tossed up by waves has grown in size over the last lS years
(Eldredge, 19ao/personal communication) and has beco~e vegetated.

D

The orientation of Tumo~ Bav 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 west and northwest. On
an average 2-3 typhoons a year pass within 180 nautical miles of Guam. A
typhoon can occur within any month of the year, but occurs more frequently in
the months of August through t~ovember with pea'< activity occurrin~g,~r.!~~~:
period from October tl'lrough·November. An analysis ~f wave heights~'trom 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

o

tree is toppled. The condition uy reflect a slow erosf?ft process.. A beach
section in the center of Ypao Beach .ay be eroding bas~d on the Jre5ence of 1ft

escarpment at the foreShore.crest. The potential erosion hazard say be related
to storm wave activity, but no studies are available to confirm the hypothesis.
No signs of erosion were noted in the area fronting the Ypao Beach dredged

-swinming area.

..
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taken over a one year period by Marsh contained mean nitrate coneentration of
about 8 microgram·atoms per liter and a reactive phosphorus concentration of
about 0.2 microgr~atoms per liter. Marsh hypothesized ~hat an Increase in
phosphorus concentrations during the early part of the rainy season in April
combined with the s10l., rate of ·water exchange in the northern sector of the bay
results in a periodic dinoflagellate bloom.~The blooms ~ever reached propor­
tions to cause fish kills 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 mention a Chamorro legend suggesting ~bat the water discoloration

Nutrient measurements in Tumon Say indicated that the bay waters co~ta;n a hi~
concentration of nitrates due to the high volu~e of groundwater seeping into
the bay, and that the bay water has a low concentration of phosphorus. The
rate of grOUnd\"3ter seepage into the bay \1aSpartially measured by Emery (in
March 1977). He found a rate of flOlt of about 150 cubic feet per second for a
150-foot section beach near the Reef Hotel. lolan. et a1, identified 5 major

, ..
seepage sites in Tuman Bay located near the Hilton Hotel. Contine~tal Hotel.
Reef Hotel and the Okura Hotel. Mars..indicated that a frestn'laterspring could
also be found on the inner reef flat fronting the,Reef Hotel. Water samples

, . .

D

Water exchange and flushi.ng on the reef flat in Tumon 8ay is cons idered good
in the southern and middle sectors of the bay. The tidal exchange is
unobstructed and the snal Iow bathymetr'y permit large volumes of water to
exchange during each tidal cycle. !he predominant current ensures a continuous
flow of water o~er 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 northe~n sector of
the bay in front of Okura Hotel was poor becau~e of the'slow movem~nt of t~eir
dye patches and the complex current patterns encountered.

Z" ~ if': ::'-

and lolan (1976) studied the effeCts of stormwater dfscharge ~t the Co~tfnental
Hotel. and Marsh (1977) sttJdied the nutrient concentrations related to I)tiyto­

plankton blooms in.Tumon Bay. ~e studies were performed over a relative
Short period of tfme, approximately one year on an irregular basts. These
studies in conjunction with the ocea~ography studies previously mentioned
provide some information on water quality in Turnon Bay.

• •



_Twelve remnants of the -Japanese defense structures 'rrom"'WorldWar.II at TUItIOn

-Bay ar:elocated along the ·Tt,unon"'SarShoreline.f(figure~).·:The State Histori(. -

HISTORIC SITES.

...
Clayshulte and Zolan did find tha~ storm .drains were sources of bacterial and

'beavy Illeta1 contaminants ·:.:intO"1.TUmon;,8ay.~HotIever:•.bUUlh.uSe.:of -<,tIie nearshore
'waters also contribute to bacterial contaminatlon fn"the bay. eThe ·long-term
effect of heavy metal contribution to the.bay is not t~o~.

Water turbidity characteristics are also not well documented. Clayshulte and
Zolan found turbidity values within their storm drain study area to ~e con-C:>.
s istently less than 1 NTU. Storm\'1aterrunoff turbidity ranged from about 2 to
18 NTU, 'but"Was confined' to '~the~nearsho~e'area.

Salinity characteristics in Tumon 8ay are not well documented. For the area
fronting the Continental Hotel, Clayshulte and Zolan measured a salinity rang­
ing from 310/00 to 340/00 with a mean salinity value of 320/00. The data <=>
suggest that salinity within 5-10 meters from the shoreline may range from

.31-320/00, and 32-340/00 within 10-SO meters of. the shore. They.found
.that the discharge of storm-.iate"into the bay created a salinity decrease of
about 40/00 within 5 meters of the point of discharge, but no change within
10 meters of the storm drain. The informa~ ion sllggests.that mixing action on
the reef flat is suffiei ent to 1imit "any sal inity stress associated with ,.t
stormwater

.discharges.

caused by the dinoflagellate bloom was the blood of father San Wfttores thlt
appeared each April to haunt his assassins. Father San Yfttores' was tilled
and his body thrown into the northern part of the bay on 2 Aprfl 1672. Marsh
found that during blo~ condition mean nitrate values decreased to about
4 microgram-atoms per lier and mean phosphorus values increased to about·
0.6 microgra~atoms per liter. Clayshulte and Zolan in their study of a stonm­
water discharge into the bay found that stormwater contained a high concentra­
tion of both phosphorus (0.129 - .750 mgtl) 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.



D

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 scrap metal for reinforcement and concrete. Bits of
old tanks, water pipes, accordian wire, and reinforcing rods were commonly
used. Natural cave formations. beach rocK, boulders, and sand were utilized~
Molds for the interiors were constructed of 8Q x S· timbers and sometimes (for
large structures) ~hole coconut tree trun~s.

D

Preservation Officer indicated (29 August "1979) that the system appeared essen­
tially undisturbed and was the only intact system on the island. locatfon Z
had two large destroyed gun emplacements near Gognga Beach. Bot~ emplac~ts
appeared to have been destroyed by internal explosions. There was also

.evidence of fire. locati~n B, Haton Beach. had two small pillboxes which ~e
in fair to poor condition. location C, Naton Beach. some times considered
Tumon B~achs had one small "one-man" bu"~er (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~. ~

..
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The most significant algae in the bay appears ta be Enteromorpha clathrata
which serves as a food source f~r the rabbitfish, Siganus; this alga is I.

nuisance to hotel operators because of \ts accumulation on the beach and
presence in nearshore swimming waters. The alga is concentrated along the
shoreline and is present throughout the year with large monthly variations in
standing crop. Mean standing crops at three sample sites ranged from 7.5 to
44.1 grams per square meter dry weight (Fitzgerald, 1977). "earshore,
Enteromorpha tolerates a wide variation in salinity and produces a rich growt....
due to ground~ater nutrient enrichment. Wave action and wind surge appea~ to
be major factors controlling the distribution of the alga. Forceful surge and
small breaking waves during periods of high surf Or high ~fnds result in A

decrease in standing crop or complete elimination of the alga thalli. Grazing
by large runs of herbivorous rabbitfish can also comple~ely eliminate the ~
thalli. However, the holdfasts'usually r~ain to produce fu~ure crop.of
algae. Any material providing a stable substra'tum, including coral rubble and
fragments, mol1us~ shells and rocks, is used by the algae. The.alga can also
form dense mats t~at stablize sand part~cles and that can withstand water
movement having velocities 5 times that required to dislodge sand particles.
Ho~.,ever.shift ;n9 substrates, ahrasion and burial can prevent the growt-hof
the alga. Oess ication resul ting from extreme low tides is another stress
factor which may limit the distri~ution of. the alga.

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 shor~line toward the reef margin, and the percent cover was higher in the
months of tlovember and Decemb'er in comparison to May and June. Fifty species
were found during tne survey with 14 species common to the three transects
sites studied during the survey. Nine species were not found in the
November-December survey which were present in the May-June survey. Tsuda
(1974) in a discussion of the seasonal aspects af brown algae in Gu~
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 Tumon aay.

ALGAE
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*Based on·use·oT two transect-areas.

'is.4
. l14.9

43•.819)
. 49.1
.59.5
~$().1

Inner reef flat
~Outer reef flat
*Reef marg·iri
Re~f front
Submarine terrace
Sea\'tardslope

l.tover~pecies

·48m
~59(26)
98
73
:57

'Reef lone

~le _-
f~ont. and others were found in both zo~es.

o

Coral lonation in Tumon Bay has been extensively studied by Randall (1971~
1973 and 1978), and Randal. and Eldredge (1974). Specific site surveys by
Randall and Jones (1972), ·Jones and Randall (1973) and the U.~.Navy (1974)
contribute to the knowledge about coral distribution in Tuman Bay. Randall
(1978) provides the most recent baseline study which characterizes coral
distribution and physiography in Tuman Bay. Factors affecting coral
distribution and zonation on the reef included water deptlt,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 water during low tide and low spring tides. Elevated water
temperatures have lethal and sublethal effects on coral. Water circulation
helps to reduce the variability of the water temperature, however, spring low
tides drastically reduce waterflow over the reef flat and increase thermal
stress. t~st corals require a solid and relatively stable substrate for
successful growth. Sandy areas tend to be devoid of coral. and rUbble ~reas
tend to have a patchy distribution of coral. Randall-found ·that the sandy,
inner reef flat zone which retains water during lo~ 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 was
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 coral coverage and the number of species' increased,w~th distance c=>
from s~ore reaching the highest values on the reef front (Table ). Some-~species were restricted in thefr~istrjbution.to"either the reef'~at or r.eef

• 4CORAL



- -
. Others appear to serve no function, except that soma might contrfbute~o

nutrient recycling or reworking of the substrate. A sur.vey in Tumon Bay of. . -
edible marine shellfish and sea ur~hins (Stoj\ovich .nd Smith 19781 reported
the sea urchin, EChinothrix diadema, concentrated on the reef front where the
sea urchin attainad a population density of 0-60 per square meter (m2)•. _, ~
The giant clain, Tridacna ma1Cima, was found in 10\#numbers (17/100 m2) -in
12 meters of water on the reef_slope. The pearl shell, Trochus nf10tus, was

A systematic study of the distribution and physiography of the macrofnver~
~ebrate fauna in Tumon Bay has not been done. Randall and ,Jones (1972 and
1973) provides the b~st list of the invertebrate fauna in the bay; how~ver.
their surveys were 1imite~ to two specific sites in the b~y. ~e v~lue of the
invertebrate fauna in Tuman Bay to the ecosystem or to man is not 'understood.
Obviously, some invertebrates are used as a food source by.fis~·and ~n •.

D
OTHER r-tAffiOINVERTESRATES

blue coral0.08

staghorn coral
mushroom coral ~

unknown
0.12 - 0.14
unknown

unlcno,.,n
inner reef flat
reef front
inner reef flat to

reef front

Acropora irregularis
Acropora acuminata
Fun~h fung1 tes
Hellopora coer~lea

COlTl1kln Names
Range

Densitv/m2location"

•TABLE
D

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

Nearly SOl of the corI1 -;on the reef nat wfth I dfametar Ya.-.'fing be~crJO'
centimeters were found in the inner reef flat area (Randall, 1918). The large
number of small c~rals in relation to t~e s~al1 number of large size corals
suggests that ttiereef,platform is an unstable enviroRnent where coral'
recruitment and mortal it.vare high, prevenUng corals frolllaging and reaching
larger size. Coral in Tumon Bay is susceptible to predation by the
crown-of'-tborns starfish, Acanthaster planei, which devastated ttlecoral on
the Tuman Bay reef front during 1969 - 1970 (Tsuda, 1971).

. "
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while spin fishi~9 and spearfishing may be i~creasi~g in_popularity.

. -.
an increase in tourist acthity 'in..the..bay,as ·til!l1·as 'a~lost:fntereSt~y
younger residents. Gill net fishfng was said to'-bedecreasing 'Inpopularity

o

Studies of fiShery resources 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 o~ the ~eef flat by Amesbury
(1978). Studies by Randall and Jones (1972, 1973) also provide a list of
species found at two survey sites in the bay. The Guam fish and Wildlife data
indicate that TumQn Bay was the most heavily fished jnshore area on ~am. .
However, realignment of the census areas pr~vents ~n assessment'of fis~ing
activities in Tumon Bay.· fish standing trop measurements. showed a general
increase in fish stocks 'although consijerable vlfiation occurred throughout
the period ,-of!.recordfrom -1968-1973. :ea(t~~~""surround-"!8ft-:f-t.sllfngc.ti.er.e
ident ified as major types of fishing performed' on the reef flat. :A reduction
in cast net fishermen appeared in the 'data and tbe,decliQe was~attr1buted to

"-
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are sand d\'Iellers.

'....tr..
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
cons idered a nu!sance by s~·limmersand waders who step on t,hem and become
enmeshed in the sea cucumber eviscerate. Twelve species of sea cucumbers were
found in the bay by Birkeland (in Ra~dal1 1978) of which the black sea '
cucumber, Holothuria atra, comprised over half of the sea cucumber bi08ass in
the bay. 'A mean holothurian population density of 15.58 individualsl m 10m2
and an average wet wei~ht of biomass of 3.87 ~ilgrams/lOm~ were calculated.
Birkeland estimated that there was approximately 3 million sea cucumbers in <=>

.:Tumon Bay that formed a biomass of about 824 tons.· Data in Rowe and Doty
"(1977) indicate that half of_the·~pecies of sea cucumbers found by Birkeland

, _

found on .the reef front in population densfties rlngfng fro. 1.1-3.4/20 ~.
The size of the Trochus shell Increased with increased water depth. 10 large
population of bivalves were found 1n the bay. although small infaunal forms
were present.



. .
harvests and years of extremely high harvests are intermixed. The seasonal -
rabbitfish 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 osually predictable, factors influencing"the runs
and the size of the runs are not known to science.

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 f~sh throughout the Western~Pacific and
traditionally favored by the local residents. Tsuda (1976) provides data on
the rabbitfish food and salinity preference and temperature and oxygen
tolerances. Within Tuman Bay t~e rabbitfish are kno~n to graze on the green
filamentous algae (Enteromarpha clathrata) and tolerate the groundwater

, '

discharges in the area. A thirteen year harvest record for the rabhitfish
does not indicate any significant patterns or cyclic trends. Years of low

D

The distribution of fish in the bay (Amesbury) appeared to be influenced by
bathYffletricrelief, 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 su~strates, such as sand
and rubble. tend to bury habitat areas. Amesbury found that the abundance of
fish and species diversity increased from the sandy nearshore area to the
coral rich outer reef flat. Sp~cies 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, batnymetric relief and coral diversity. Amesbury's survey did not
assess the use of t~e reef flat by juvenile forms or extend onto the reef
front. However, most adult reef fish usually spend a portion of their
juvenile life on the reef flat.

•
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