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SUMMARY OF FINDINGS

I. HISTORIC INFORMATION

Hi‘st‘orically, Bahja Laulau affords one o:f the better ’okp‘p_'o'rtunities to
examine ancient Chamorro villages, latte stones, fishing -.areafs:. and burial
grounds. Two major ancient historic sites exist in ‘the v1c1n1ty of Bahia
Laulau where numerous artifacts have been unearthed. _Add:itionally, the
area was used "’for Japanese and U.S. military purposes dﬁr_ing::fﬁhe wair as a
lee-shore anchorage, military staging site and oil depot. I‘{lemtﬁ:ants céf mili-
tary structures can still be seen in the area. o

II. - PHYSIOGRAPHY AND SHORELINE SITE DESCRIPTIONS .

The immediate coastal region within Bahia Laulau is variable and
includes low wooded terraces of limesand, recently raised limestone déposits,

steep slopes, cliffs and headlands of both older raised limestone and wvolcanic

-rocks. ‘.Ffinging reef platforms of wvarious widths and{ narrow beaches

intermittéﬁfly border the shoreline.

Site it‘is located along the rugged northeast coastlir;e aip‘proximately 800
meters (m) :-(2,625 ft) west of Hagman Point in a small eml.);yrhent. A steep
volcanic slope forms the northern shoreline and a sheer limei;‘,tone cliff with a
deep concave notch cut at sea level forms the western shoreiine’.

Site ia is located in a protected part of the bay approiimately 400 m
(1,312 {t) northwest of Bapot Point and a narrow subtidal fringing reef
platform borders the shore. Intermittently, the cliff face is undercut or
notched just above the reef platform.

' Sites 2 and 3 are similar in that they are protected from northeast
tradewinds and waves and are located in the vicinity of Trinchera Beach

where a relatively wide intertidal fringing reef platform borders the shore.
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Bioclastic beach deposits, gravel and reef rubble form a narrow sandy beach
a‘.long the shoreline,

Site 4 is located 1.1 kilometers (0,7 miles) norgthwest of Dandan Point
" and is exposed to heavy tradewinds and wave i;':'lssault. Low cliffs of
Marianas limestone form the shoreline. A narrow ffringing reef platform
borders the shoreline at this site.

III. GEOLOGY

Geologically, Bahia Laulau is indented about Half-way into the island
perpendicular to the prevailing northeast-southeast trend of the major rock
units and topographic features. Thus, it provides a cross-section along
which most of the major rock formations and many of the structures, soils
and landforms can be viewed and studied.

Site 1 is a very unique and scenic location. There is great geologic
diversity, extreme instability of onshore slopes and probably instability
offshore due to major faults in the area. There is ext:reme wave
vulnerability to cliffs and headlands, no surface water, fractured and
permeable bedrock and a small manganese depdsit. .

Both Sites 2 and 3 are recreational areas with rélatively stable slopes
and coastline. Both sites are wvulnerable to typhoon swells and flash
flooding. Alluvial processes present few sedimentation or draina'g; problems.
However, subsurface porosity may éresent general constfuction pr;)blems.

Site 4 is an excellent scenic location with a spectacular :v:‘iew of the
entire bay and Hagman Point. The area is quite stable and ‘;}1.3 coastline
generally protected from typhoon-driven waves. There are no streams due

to a highly porous substrate.
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For major on-shore construction of an OTEC facility, S_i_.te 4 is the most
suitable 'in that it exhibits tﬁe fewest unfavorable geologic corlstreints. Site
1 is the least favorable construction site since it exhibits the most unfavor-
able geologic conditions. However, all sites heve an abu:r.lde.nce Of limestone
bedrock which is notorious for subsurface permeablhty and por051ty and
tends to make it less than favorable for construction from the geologlc point
of view. |

IV. PHYSICAL PARAMETERS

A, Dept}r and Temperature' :
| Bahla Laulau is a deep bay approx1mate1y 731 m (2 400 ft) | at the
deepest pom’c on a line between Hagman Point and Naftan Point, Shghtly ‘
deeper. depths (823-914 m, 2,700-3,000 ft) exist 1.6 mlles offshpre on a line
165° (SSE) of the proposed OTEC site on Hagman Pomt. ’i"hese ‘depths
represent poss1bly the most significant potential OTEC resource in the world
that close ’;o shore.

:Temperatures offshore of the proposed OTEC':_ site’ a;hpear to follow a
well defineei profile typical in the Western Pacific, i.e.,3a ;%J:arm, well mixed
surface 1a§er of nearly constant temperature, a therm.caeliiile. region where
temperature: declines with increasing depth and a | de‘e‘p cold layer.
Temperature de;ereased from 28.4° C at the surface to 22€;5° C at 229 m
(751 ft). Between 229 m and 457 m (751-1500 ft) the temperat;.lre decreased
to 7.4° C. Temperatures at 525 and 550 m (1,723‘ and 1800 ft) were
extrapolated to bte 6.4° C and 4.4° C respectively. |

B. Currents

There is an overall circular current pattern which exists in Bahia
Laulau. A large volume of water enters the southern portion of the bay
traveling along the inside contours until it exits at the northeastern

opening. It seems that the majority of the water enters the bay from the
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northeast (prevailing wind direction) and splits apart at Dandan Point in the
s-outhern part of the bay. This forms a rather consistent and strong
clockwise water pattern within the center of Bahia La‘.x_ilau. The leading edge
~ of this water mass moves along or near the 100 fgéhom contour eventually
emerging at the northern part of the bay at Hagman?.Point. Here it enters
deeper water and/or merges with the overall water mz‘is'.s moving southeast.
Inside the 100 fathom contour the near-shore water circulation
pattern is much more complex and seasonally variable., It is influenced more
by the prevailing winds and seas, Data suggest that this current runs
counter to the deeper water circulation by following the shoreline. Several

small eddies zlso form in more enclosed areas.

The inshore (reef-flat) current pattern is typical of any reef flat

that is influenced by winds and tidal changes. During flood or ebb tides
water tends to move towards a channel, cut or low area in the _reef. This
strong tidal flow usually overpowers the wind-driven water mover;lent unless
they happen to be in similar directions.

C. Water Quality | -

~

Water quality within the bay is generally excellent. Ten near-shore
water samples were evaluated for total and fecal coliform. Samples taken
near the northern end of the bay suggest moderately pollute'da conditions
which can be traced to ranches iﬁ the vicinity. Most likely, vfarm animal
wastes are being washed down to the bay where total coliform :;c:(>unts show
up extremely high. These conditions are not drastic at any fir.gle but are

more severe than normal conditions following heavy rains.

V. TERRESTRIAL FLORA AND FAUNA
A. Flora
Sixty-four species of terrestrial plants were identified during this

survey. All major botanical communities, limestone forests, beach strand,
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savannah and modified forest are represented in Bahia Leulau. Diversity
and species composition of ve'getation at Sites 2 and 3 are s.im:ilar,‘.':this being
the only major similarity between the four sites‘: _‘examined. I

Flora at Sites 1 and 4 is unique compared to Sites 2 and l:'3. Species
composition is low due to intense environmenté.l pressures,-_li.e;f,j:high winds
and surf, salt air and rugged terrain. 'fhe ground is,:'l\;l::t';gely porous
hmestone which quickly drains all water well ‘below the surface. Compared
to Sltes 2 and 3 both Sites 1 and 4 are depauperate although a number of
dlfferent forms do quite well in the adverse conditions. ‘ 3 .

Sltes 2 and 3 are protected from harsh. env1ronmer:1t'alvi‘p1'*essures_s: which
appears to allow for greater diversity. This is,‘jélsioi the site of lush'
1irn‘estor'1e. .fox;ests located in isolated gullies and/or steeo fsiopes and cliffs.

Pemphis ac1dula (Nigas) is abundant near the ocean. -

S1tes 2 and 3 also include a ravine community of numerous valleys and

gullies. The flora of this community is similar to that fou_nd in the limestone

forest V‘;_ith a- few plants that inhabit wetter areas ﬁsince:-‘\'ﬂater collects in

these ravihes. One can always find H1b1scus t:haceus (h1b1scus) (Pago),

Cycas c1rc1nahs (cycad) (Fadang), Areca cathecu (betel-—nut palm) (Pugua

Machena), Flcus prolixa (banyan) (Nana), several haue_s ,and numerous
epiphytes' such’ as ferns. .

Flora at Site 4 appears to be the most highly modlfled W1th1n the Bahia
Laulau region. The area is dominated by a thlck cover of Leucaena

leucocephala (tangantangan). Pemphis acidula (Nigas) a scrub-like tree is

found in a narrow band along the shoreline with gnarled trunks and twisted
roots embedded in the limestone. A few small shrubs stand out here and

there but not in great numbers.
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Between the rugged coastline vegetation and the thick tangantangan
cover is a narrow remnant of a limestone forest. This entire area was most

likely a vast limestone forest which stretched from Dandan Point to Unai

© Laulau.

Beach strand flora is taken to mean those élﬁants most often found
growing in the immediate vicinity of the sea. Most of these plants can be
found elsewhere on  Saipan, however, not as a dominant form like on the
strand. | |

B. Fauna

Birds repr.esented the most abundant type of fauna in the vicinity

of Bahia Laulau. A total of 28 species were observed out of 34 species

expected to occur in the entire area. All the sites were similar in total

number with the exception of Site 4 where only 13 species were observed.
The most abundant bird species encounte'red‘ at the four sites include the
Fantail (Chichirika), White-eye (Nossak), Philippine Turtle—dox;e (Paluman
Senesa), Sparrow (Gaga Pale') and Noddy Tern (Fahang). Common species
for the bay area include the Bittern (Kakkag), Kingfisher (Sihig-)., Cardinal
Honeyeater (Egigi), Golden Plover (Dulili), Starliné (Sali),. White Tern
(Chunge) and the Reef Heron (Chuchuko). |

A number of other vertebrates were observed or are t:e‘xpected to
occur in the Bahia Laulau area .and these include the follov%ri:}'lg: Three

species of rats; Rattus norvegicus (Norway rat), Rattus rattus' (roof rat)

and Rattus exulans (Polynesian rat); Mus musculns (common mouse); Suncus

murinus (common shrew); Canis familiaris (common dog); Felis catus (common

cat); Cervus unicolor mariannus (Sambar deer); Pteropus mariannus

(Marianas fruit bat); Emoia sp (skink); Emoia cyanura (green-tailed skink);




5-7

Anolis carolinensis (anole); Varanus indicus (monitor lizard) and Bufo
marinus: (marine toad).

Vi. MARINE FLORA AND FAUNA

A. Marine Plants

Sixty-nine species of marine. algae representing f'our",E ?}igrisions were
recorded from Bahia Laulau. In addition, oné species of ,:se_::—i'gjri'eiss, Enhalus
acoroideé, was recorded. Two narrow fringi'ﬁg reefs: (;Sitesf ,‘ 2 Eland 3), one
reef margin ar;d reef face (Site 2), three shallow suBmax%iiilé: "éé;racesé (Sites
la, 2 and 3)5' and two deeper'submarine ‘térraces (S1tes l_j‘i’md 4) were
investiééted.‘- A range of habitats including sand ﬂoo.rj's,?'fire‘ef ﬂatt’ holes,
cryptic gverhangs, vertical walls and limestone terracés v'_ve':re ‘present‘ at the
var"iou‘si sites. | B

t:SAite‘ 1 is considered extremely depaupéx.'ate. due t':o the harsh‘
conditions:';lof seas and surf. Site la is a calm and q:ﬁie’t bay ‘with luxurient

marine hfe In general, the variable terrain of Site 2 ipfz’r'ovided numerous

types of'.' -i_habitats for algal species. Site 3 is cornpvarib]e-'_‘to Site 2. The

algal comrritinity at Site 4 is remarkably similar to Site 2 though fewer species
were recofcied. s
Ea"ch of the five sites examined in Bahia Laulau ﬁ}rﬁgs“,ernted somewhat
different élgal ‘lcommunities, largely a function of exposuré,: to the fetch of
the open sea and coastal topograéhy. Sites 1 and 4 exp"ier_iénce the most
regular and severe disturbances due to their direct .e;cpos.ure to windward
ground swells. | Site la is the mos{t protected and Sitels 2 and 3 are
seasonally variable.
B. Plankton
Analysis of plankton samples for all sites indicatev that Sites 1, 3

and 4 had the lowest mean numbers of species with 12, 11 and 12
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respectively. Site 2 had the greatest species diversity with an average of
i8 species per tow. In terms of total planktonic oi’ganisfns per tow Site 4
averaged 1,506, followed by Site 3 (1,201), Site 2.5(867) aﬁd Site 1 (587).
These results generally support what would be expe‘c".ced when looking at the
current patterns and lack of a reef flat afea along t_i}e cliffs out to Puntan
Hagman. Sites 2, 3 and 4 (particularly Sites 2 anlai'-3) are expected to be
rich in plankton considering the current patterns, eddjes, shallow areas and
extensive r.eef areas present. ¥
C. Corals
Ninety-eight species of corals representing.:34‘ genera were recorded

from the five study sites along the Bahia Laulau embayment. Considerable

variation occured in species richness, size distribution, frequency of"

occurence, density and percentage of sﬁbstrate coverage bgtween the'ﬁve
sites and aro:und the various zones discrirn'invat.ed at each site.

One of the most noticeable aspects of the cpré.l commun{ties studied
at the fjve sites in Bahia Laulau is their unequal distribution from the inner
reef-flat platform to the 10 m (33 ft) depth contour on the foré;reef slope.
Some reef zones have no corals at all while other areas suppor_.t‘communities
ranging from a few widely scattered colonies and si)ecies (reef;.'flat platform
at Sites 2 and 3) to regions where the substrate is doﬂ;inated b&é'a relatively
rich diversity of species (fore—ree‘f slope at Site 2). ‘Much of" iche regional
variation found in the community structure of corals on the reef:j-f_lat platform
zones is attributable to exposed platforms during low spring tideisi.

Surface coverage on non-scoured subsfrates at Site 1 was estimated
to range from 10-30 .'percent. Predominate coral species include séven in the
family Pocilloporidae, ten in the family Acroporidae and nine in ‘the family

Faviidae. Corals from Site 1 that were not observed at other sites in Bahia
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Laulau include Pocillopora ankeli, Scapophyllia cylindricé and Stylaster

profundiporus.

The only significant deposits of sedimeénts consisted of poorly sorted
mixtures of sand, gravel and rubble in largei'_ holes, trouglhis afxd depress-
ions throughout the bay.

D.  Macroinvertebrates

V Conspicuous macroinvertebrates were’ collectea atfour Ecoastal sites
in Bahia.Laullau. Gastropods were the most cémmonly-zco_llélc“tjéc.ifZr;acroir;lverte-
brates ;t(l)talingE 88 species. Among them, 2z specites{ betlp{r.lg ;:1:.':0 thef family
Conidae‘l:‘,. ten to the family _Muricidae, nine to the fém.ily% Mltrldae and' seven
to the fz.x'mily:.'Cypraeidae.. Nine species of bivalves wex;e ,c:qliéct:e_d. Only two

species, .Astraea rhodostoma and Vasum turbinellas,-*wex'rej“collected at all

sites. Twelve echinoderm species were observed during _i'_Che ‘study. The

Crown—of—:“éhor»ns starfish (Acanthaster planci)r was c_.o:nsp]jié’ﬁous at all sites
and were idbselrved in greater than average numbers. |

E',_'i_"he reef flats of Sites 2 and 3 were more similei%‘j to one another
than thoéé lﬁof Sites 1, la and 4. The intertidal zones were %imilar to each
other. In summary, the conspicuous macroinvertébfate;isg ~collected and
observed répresent a typical reef and embayment for a “s".tv_n.lt.hern Marianas
Island. Althoxigh not observed during this study, thev{.’spiny lobster is
known to be a significant resourcve of Bahia Laulau. Théy ’are regularly
caught by divers along the reef front and on the reef ﬂﬁfa. |

The ﬁsﬁ community in Bahia Laulau down to 21 m (70 ft) is fairly
diverse and appears to be in a relatively healthy state. This, and the wide
range of habitats found there, makes it a potential site for écologica] studies

on reef fish. Many important species of food fishes are present and the
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potential for recreational and subsistence fishing is high. ‘The replenishment
<-3f harvested food species should not be a problem since the bay is so large
and since during most of the year much of it is mad§ inaccessible to fishing
" by rough seas. The remote regions of the bay shq;lld be excellent sources
of new recruits for the more heavily fished areas.

Although Bahia Laulau represents a signifiéant recreational and
subsistence fishery for the island, preliminary data provides no real basis
for the support of an intensive commercial fisﬁery. It is generally
considered by local fishermen that fish populations close to the reef flats
have declined in recent years due to heavy fishing,

F. Marine Turtles and Mammals

A total of 9 sea turtles were observed during the study. More turtles’

were observed on the surface at Sites 1 and 4 than at other Sites on the

surface or underwater. Two green sea turtles (Chelonia mydas) and one

hawksbill (Eretmochelys imbricata) were observed on the surface from our

observétion post above Site 1. Three green sea turtles (Chelonia mydas)
were .ob-served floating off Site 4 from our quarry o‘pservation :V;post. One
each of.the green and hawksbill turtles were observed underwater at Site 2
and one hawksbill at Site 3. |

Turtle nesting has been observed in the past at a few isoi‘a;ed beaches
which occur within Bahia Laulau. 'However, no _nesting sites wél%e observed
during this study. Sites of previous nests were noted at beach:e:s below the
airport quarry (Site 4). In the past the majority of sitings occ.:u:red in the
vicinity df.Hagman apd Naftan Points, these areas being more prdtected and
isolated. |

Porpoise, a marine mammal, are known to occur in Bahia Laul:au. Small

schools of an unidentified variety were observed on two field visits (Feb.
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and May 1983). It is likely that porpoise use the bay as a. ;feeding site and
for protection during migration. There did not appear-tof be :"'a resident
population of porpoise in the bay. Whale sitinjés have never"be_en confirmed
in the B,ahia Laulau area and none were obser\z:ed during thie 'study.
VII. OTEC DEVELOPMENT ‘ |

. The CNMI government recognizes the 1mportance of OTEC develop-
ment as a part of its renewable energy program to reduce its dependence on
1mported fossﬂ_ fuels, | -

: lThe Eahia Laulau OTEC site represents one :o'vf.‘;tlletf'}.:best therrnal
resourees for OTEC in the world with an averege jm"ontlhl‘}.l' temperature
d1fferent1al between warm surface and cold deep ocean waters ~exceeding Zl°.
C ‘at 305 m (1,000 ft). Data indicate that a year-round temperature
dlfferentlal over 21° C exists at a depth of 550 m (1804 ft) ‘and a 23° C
deferentlal can be obtained at a depth of 900 m (2, 953 ft)

The competing ocean uses on which OTEC fac1ht1es< may be expected

to impaét are fisheries, port development, nav1gat10n vand recreation.

However, : the location of any OTEC facility can be planned to cause a
minimum of interference with shipping and port development. The major
ocean uses that would be affected by the Bahia Laulaur.QTEC facility are
fisheries and recreation. -

The effect of OTEC development on marine wate‘frs» ;relates to the
displacement of ‘warm, shallow water with cold, deep .v;a.ter‘i resulting in the
modification of temperature, salinity, density, dissolved o:éygen, nutrients,
carbonates and particulates. Known as "artificial upwelling® it has the
potential to increase fish populations with corresponding‘ high vyields in
productivity. However, it can also modify the near-shore environment
negatively depending on the placement of the outfall pipe in proximity to the

shore.
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VIII. GENERAL DISCUSSIONS
A. Physical and Biological Resources
Bahia Laulau is resource rich in many ways.’i It is Saipan's largest

" natural bay offering protection and anchorage for small and large wvessels.
Although it is located on the windward side of Saipa;n, much of the bay is
protected from direct wave assault and oceanic current patterns. A well
developed and highly diverse coral reef fllinges most of the inner part of the
bay. Those areas of the bay not protected still ha\;e a highly diverse reef
terrace. This reef provides numerous niches for an incredible arra.y of
marine.]ife from the smallest to the largest forms. The reefs‘p.rovide further
protection for animals such as the green sea turtle which isv known to nest
on the numerous small beaches scattered throughout the bay.

The bay is rich as a fishery resource supported by a diversified
plankton poi:ulation. Local fishermen frequent the bay for sport and
subsistence fishing. Throw-net fishermen and spear-fishermen ;consistently
utilize t:he bay and can be seen out on the bay most days of the year.
Plank‘ton‘ samples indicate a healthy populatioﬁ of fish eggs and lézrvae which
support the future subsistence fisheries of the bay.

A manganese deposit located on the Hagman 'Point cliffline above
Forbidden Island is a resource which was developed by the Jap'a;‘_‘nese during
the war, It appears that the 'manganese was stoékpiled _fé_r eventual
removal. The extent of the deposit is unknown. Further studie:s would be
required to determine the exact quantity and quality and pote.n.’.cial of this
resqurce.'

B. Recreational Resources

Local residents utilize the bay for 2 number of purposesf' Some of

these include fishing, boating, swimming and picnicing. In addition to local
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residents, tourists are now beginning to utilize the baj .alé Well. On any
day a number of scuba divers can be seen entering the -watér: in ’;he vicinity
of the narrow cut at Bapot Beach. Tourists are also us'iﬁg ,.t'he bay for
sunbathi_pg, picnicing and swimming. | l

C. Resource Degradation

- The reef within Bahia Laulau represents a major resbi;’f;je to the
residents of Saipan particularly in terms of a :subsistehcé foqd‘fséurce.. Some
damage to this resource is presently underway as a résqu ‘of an increase in

Acanthaster pianci (crown-of-thorns starfish) coral k'il'ls_" and;;;sedime:zntation

from cirainag‘e channels along the beach. The impaét 't."o ?'};‘eél;eation:al uses
within 4B_ahia>11 Laulau is a potential problem sinceﬁot_hé ;e,dimentati'on and
s.tz;rfis:h k111 reefs. Sedimentation also pollutes the: nef:al;'-shcz)re water by
dumpiﬁg :"_dirt : and micro-organisms like coliform into 1t 'Co}}ditibns like these
are not l;f;althy for swimmers, divers, fishermen or sun béxt}iers.

D. Unique Areas and Features

Aes‘ifh,etically, Bahia Laulau represents some of-.f th_é: best scenery and
beauty whlch Saipan has to offer. The lagoon is de:;ep.:‘ blue, reefs colorful
and djvelié_e, white sand beaches, rocky oﬁtcrops' upon ;which breakers
crash, steép cliffs, caverns, underwater caves, dense .“t"!“c;op(ical vegetation
and gently slo%oing fertile soil upland from the shoreline. Overlooking the
bay is one of éaipan‘s best restaufants which commands 'ahfiexcazeptional view.
It is likely that Bahia Laulau will experience intensivé pressure for further
development bec;.use of its natural beauty.

Hagman Point represents the major unique feature of Bahia Laulau with
steep cliffs, isolated coves and beautiful yet rugged tezl'rain. Forbidden
Island, aptly named and separated from the main land fcl:rm by a narrow

channel, is the major promontory of the bay. Other unique areas include
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the protected cove near Bapot Beach where an extremely well developed
fringing coral reef exists. Both Bapot Beach ana Trinchera Beach are
unique areas and represent the best beaches in Bifahia Laﬁlau. The reef
flats and reef marginsb are very well developed and éf_e utilized by fishermen
and skin and scuba divers alike. Two or three sméll;_ isolated beaches exist
between Trinchera Beach and Dandan Point and arefi.unique since they are
known to bg turtle ngsﬁng sites.

The bay itself is the largest natural bay on ESa;ipan and one of the
largest in the Marianas Archipelago. Deep, cold water near shore represents

a unique feature for potential OTEC development.



INTRODUCTION

Th’e“Physical Planning Office of the Government of the Northern Mariana
Islands issued a request for proposals for a:Marine Bioloéicel’fénd Physical
Survey of Bahia Laulau, Saipan, (Figures 1 and 2) durlng May 1982. The
firm of Pacific Basin Environmental Consultants, Ine;. (PBEC) subrmtted a
proposal to the CNMI Planning Office on June 4, 1982, and was awarded the
contracit"on 'Jﬁne 28, 1982, Fmal contract documents were 51gned by all
parties en September 10, 1982. This project is funded under. a grant from
the. US D.epartment of Commerce, Office of Cees.tel; ;,Z'enfe Management
(CZM),.. Ceastal Energy Impact Program (CEIP). ‘

'I'heétudy of Bahia Laulau was initiated because ;a'p;oiential site: for an

Ocean Th.e.rmal Energy Conversion (OTEC) plant had been‘echo'sen along the

.southern: edge of Puntan Hagman (Hagman Point) in north Bzhia Laulau

(Figure 2).: ‘; Since wvery limited biological and physmal data e#lsts for Bahia
Laulau, thls study would provide baseline data neces_sary ijrl planners and
others to Hase major decisions concerning a potential OTEC plant or other
future plans for the bay. -
SCOPE OF WORK

The écope _of work was finalized with input from PBEC, Commonwealth
of the Nofthern‘ Mariana Islands (CNMI) Planning Office, . CNMI Fish and
Wildlife Division of the Department of Natural Resources and the Coastal
Resources Management (CRM) Office. The scope included the following

tasks:
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SCOPE OF WORK

Compile complete historical data base of physmal, chemical and biological
conditions of Bahia Laulau.

Conduct field surveys of all major flora and fauna of Bahia Laulau,
Count and identify corals, fishes, algae, seagrass, invertebrates, sea
turtles and mammals. .

Conduct quarterly field surveys of abundance and distribution of eggs,
larvae and juvenile fishes and other significant marine resources to

identify important breeding and nursery areas.

Define physical characteristics of submarine lands and reef structures.

Through quarterly surveys, define physical characteristics of shallow
water including current speed and direction, temperature gradients and
salinity.

Conduct a deep water temperature proflle at depths of 750 1,000, 1,250
and 1,500 feet off 51te of proposed OTEC plant.:

Conduct a field survey of backshore lands to identify terrestrial flora
and fauna and physical characteristics.

Define resources at Bahia Laulau and identify degradation of same as a
result of destructive fishery practices, erosion, sedimentation, crown-of
thorns starfish (Acanthaster planci), runoff, fecal coliform, etc.

Identify historical resources, pristine areas, unusual oceanographic
features and altered shorelines, x

Prepare three (3) quarterly data reports due 30 ‘days after completion
of each of the first three surveys (3 copies) and a final report to
include text, data, maps, charts, photos, tables and any other methods
necessary to convey the findings. All species will be identified by
scientific, Chamorro and English names. Place names will conform with
the U.S. Board of Geographical Names. Draft report due 30 days
after completion of final survey. 3 :



SURVEY TEAM

The survey team assembled for the Ba;hia Laulau pijojeot: by PBEC
included.;personnel from the University of G\igm (U0G) Ma“rine_ ._ILaboratory,
Guam Division of Aquatic and Wildlife‘ Resouroés, University of California at
Berkeley and the University of Maryland as :Well as ‘a 1ovca_1:';fjie;1d assistant
from Saipan. The following is a list of team members ovith then‘ :prima;'y and
secondary respon51b111t1es. L |
Michael. J Wllder, PBEC - Prmc1pa1 Invest1gator terrestrlal ﬂora, fathometer

profﬂes and deep water temperatures; report preparatlon
Ronald D Strong, PBEC - Project Coordinator; terrestrlal fauna, assmt in

‘ f1e>1d work; current studies; photography; report prepéra’gon.
Luciusé__ Elaerédge, UOG Professor - Checklist aﬁci e’v'z:al:u_atio;n of :rnarine.

invertebrates.

Ann Kitalo'_ng, M.S., Candidate at UOG Marine Lab - Anal%,%si’s of quarterly

plarilit,on samples.
Michael 'Mof_ina, Guam Division of Aquatic and Wildlife Resources Fisheries
Biologi}st - Checklist and transect analysis of the I“‘fi_shes of Bahia

Laulau, data on sea turtles and mammals.

Richard Randall‘, UOG Associate Professor - Checkhst and ana1y51s of the

corals; reef physiography; assist with marine geology.

Galt Siegrist, University of Maryland Professor - Evaluation of the marine
and terrestrial geology of the Bay; sediment analysis{‘; ‘geological re-
source evaluation.

Alicia Siegrist - assist with the geological resources and resource economics.

Jeanine Stojkovich, U.C. Berkeley PH.D. Candidate - Checi(list and evalua-

tion of marine plants; general field assistance.



Ben Concepcion, Owner of Water Sports, Inc., Saipén -AProvide boat and
diving eqﬁipment for the team; assist in diving operations and. logistics;
assist with plankton tows and current studiesﬁ{vprovide information on

recreational and commercial uses of Bahia Laulau.:
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GENERAL METHODS AND PROCEDURES '

The Bahia Laulau field evaluations were designc%d to be completed dur-
- ing the initial survey and/or quarterly over a pe%i_od of one year. The
initial survey employed the entire team and covered all aspects of the scope
of work. The other three quarterly surveys in_*f)éstigated the currents
(ree_f—ﬂat and offshore) and the p]anktonic communitir of the bay, two para-
meters that vary with time and season. Additior;al data were collected
quarterly to supplement the initial survey and included information on the

birds, turtles, marine mammals, Acanthaster planci concentrations, fishes,

plankton, currents, wind patterns and nearshore water chemistry.

A total of four survey sites were selected along Bahia Laulau after

discussions with the Planning Office, CRM and Fish. and Wildlife offices.
The four s;tes represent different habitat and reef types and vary
considerably in fheir exposure to wave assault. The 'f.our si'ces,t along with
an interrpediate site (la) that was added later, are sho§vn in Figure 2.
Underwater surveys were conducted frdm the shore usingw snorkeling
and/or scuba equipment at Sites 2 and 3 (reef-flat ohly). Al:l'other sites
were investigated by snorkeling and scuba from a zodiac inflatable boat and
the M.V. Bahia Laulau. Various methods were used byi the indi'v':i_'dual scien-—
tists including timed swims, random' counts, depth/timed’ transect_s:;and placed
50 meter (m) (164 feet (ft)) transects. Please refer to th'_e:- individual

sections for detailed methodologies.
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HISTORICAL INFORMATION

INTRODUCTION AND GENERAL BACKGROUND

Historical information contained in this section is a 'cdm.'piia'.c”ion of data
excerpted from five separate research papers since the tvni"d:dle of this
century. For the sake of uniformity the ma]orlty of thls historical
informd’gion is taken directly from existing reports. These data present an
accurate pic‘ture. of historical significance id the vicnﬁty V;o(f:B,_e;lfna Laulau to
date. | | R

The Mar1ana Islands are well known to insular geoloérsts for theA classic
raised coral vreef structure of many of the islands. Salpan falls 1nto this
cetegoryl w1th only minor deposits of volcanic rock exposed in a few of the
deeply eroded stream beds in the northwest part of the 1s1and

The larger islands are thought to have emerged from the ocean no

earlier than Late Eocene. Soil formation and the 1ntroduct10n of terrestrial

flora and fauna presumably proceeded from the time of emergence.

The Bahla Laulau formation is thought to be the result of gradual loss
of land through sea and land slides into the preclpltous'Mananas Trench
which runs parallel to the Marianas on their eastern flank.. " -

Accurate hlstorlcal information regarding Bahia Laulad prlor to World
War II is sketchy and only a few references exist. However, in 1858 a
British Rovyal Naval Officer by the name of Mr. Harvey,“ab’oard the HMS
Magicienne, sur;reyed and sounded the bay and named it "Magicienne Bay,
which still etands as its official designation. The Chamorros refer to it as
Bahia Laulau which may derive from the Chamorro word' laclao, meaning
"shaking" or "trembling" a generic word that can apply‘r to the earth's

movement during tectonic disruptions. It is known now that a’ major fault
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line transverses central Bahia Laulau from Naftan Point to a small ravine
r;ear Puntan Hagman.

Historically, work in the wvicinity of Bahia Lai;lau has had two major
" thrusts; archaeology for the sake of general histérical knowledge of the
people and customs and military significance for the saike of war strategy.
METHODS

‘Historical information regarding Bahia Laulau was taken from a number
of references but relies mostly on Spoehr (1959): Takayama and Egami
(1971), Takayama and Intoh (1976), Reinman (1977) amd Thompson (1977).
Field wvisits to the Bahia Laulau archaeological sit.es were undertaken to

examine them first hand. These field excursions included the upper Laulau

Bay Coastal Access Zone, Laulau Site, Bapot Site and the Laulau Rock

Shelter. Field observations were noted and compéred to findings in  the
literature.

RESULTS

Laulau ééy Archeological Site

Civén a fair amount of superficial and incidentalz knowledgé about the
 sites of the windward (eastern) coast of Saipan, a zone was: defined for
intensive archeological survey (Thompson, 1977). * This survey was
designated The Upper Laulau Bay Coastal Access Zone and it wa'sé’defined on
the basis of reef configuration, shoreline topography.' soils, s.u:rface slope
and continuity of vegetative cover (Fig. 3a). |

The reef configuration concerned is the development creatin.g._ the lagoon
iﬁ the upper portion of the bay, an area protected from the full force of the
northeast swell by thé Hagman prominence to the east. |

Shoreline topography is that of a gradual slope which rises uﬁ from the
lagoon in broad beach‘-areas_: at Unai Bapot, Unai Laulau and at.the small

beach in between the two (Fig. 3b). Up the coast from Unai Bapot, the
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beach gives way to limestone cliffs. About 500 m (1,640 ff) further towards
ﬁagman the lagoon edge meets the shoreline and oce_én waves pound directly
onto the cliffs of the shore. There is a ravine at th1s reef terminus which
 is mainly washed clear of soil and artifacts. Thisl.: ravine is a convenient
upper limit for the zone.

At the opposite end of the main lagoon formatié)h is the lower limit of
Unai Laulau. Here a ravine opens out of the island and creates a well
defined terminus to the beach. The lagoon continue:sA some 400 m (1,312 ft)
down the coast from this point but becomes quite thin well before its

terminus.

The lower limit ravine just mentioned defines the terminus of the beach

while the next ravine down the coast (in which the main road is situated)

empties into the sea at the point where the lagoon terminates. Inland, this
ravine preser;ts a heavily washed area that serves well as the lower limit of
the zone. As with the upper area, the beach termiﬁus is foliowed by a
]imestont;._‘. bluff and cliff formation. | |

Whjle direct access to the water is not irﬁpossible "up’or dov&g the coast
from the area just defined, it is, in a word, inconvenient. :The general
impreésion was that sites were less common outside thé zone and absent on
certain heavily sloping surfaces. .

The inland limit of the zone is generally defined 'as the 6112.m (200 f£t)
elevation above mean sea level, There are broad plateaus iniatnd of this
elevation in the southern portion of the island, the area leaai,ng to the
Hagl_'nan prominence above Bahia Laulau, the area inland of the coast between
Puntan Nanasu and P‘untan Tanke and across the northeést face of the upper
tip of the island. The descent from the plateaus to the coast in ';he access

zone usually consists of small escarpments or heavy slopes dropping quickly
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to about 31 m (100 ft) where more gradual slopes are enc.oun.tered leading to
the beach.

Excavatibns at Bahia Laulau

The_; following is a general location and:;description. o.}f‘: ,exqgavations at
Bahia Laulau. The Laulau site is loéated on :the northweétgll'rjl:_;sjhore of the
Bay on the east coast of Saipan (Fig. 3b).-: The site li.es:"a:i)é)ut 150 feet
inland from the beach and to the west is a narrow road that runs around
Mag1c1enne Bay The Laulau site is approxu’nately 183 m (600 ft) long and 6l
m (200 ft) Wlde with its long dimension parallehng the shorehne . It is
northwest of a massive, concrete Japanese blockhouse bmlt on the beach and
commanding the bay. The Laulau site is a coastal oné permlttmg the
combma’non of good farmland with access to the resources of the sea. This
site Was‘_ mostly undisturbed by military operatlons bﬁt \%ras partially |
excavated by the Japanese for military purposes. o

North and east along the shores of Bahia Laulau is a coastal terrace

about 93._m (300 ft) wide upon which is found the Bapot' s‘1jze. The soil is

good and,{here is reasonable access to reef and offshore? flshmg This area
is the site:icil)f three clusters of Latte houses: Bapot I coﬁs.iét:s_ of two, Bapot
II of four :'and_ Bapot III of five. All have been distﬁrbgd by defensive
trenching by the Japanese military forces and a road alsc;:i cuts across the
former occupation area. Shards aré distributed throughout rthé area., It is
probable that the area once contained numerous house ‘sites.v

Northwest o& the site there are a series of limestone [cliffs. A large
lilmestone segment has fallen away from the cliff edge and forms a rock
shelter. This is Laulau Rock Shelter, a significant archeological find. The

ground at the rock shelter is approximately 35 m (115 ft) above sea level.
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From the rock shelter the terrain slopes gradually down to the beach and
t.he site is located on this sloping ground.

Surface features of the site consist of scattered“gshards i:lus the remains
" of four latte houses; all badly disintegrgted. Two‘iétte houses are located
at each end of the site. The four housés are in‘tépugh alignment. It is
quite possible that other latte houses once ex{sfed, but have since
disintegrated. At the time of excavation, some of the site was planted in
maize, coconut palms and bananas. The rest wasE lying fallow in grass.
According to Chamorro informants, the land has always been hand-tilled. In
Japanese times it was used for tobacco. Recently 1t was used primarily for

growing maize.

The beach at the point of the site is bordered by a wide, fringing’

reef. As the location is on the tradewind side of the island, the waters of
Bahia Laulau: are usually rough. In early‘tim.es it wou_ld have been difficult
to bring canoes of any size over the fringing reef; hp\ﬁéver, the ireef fishing
is exce.li.ent. |

‘At' the Laulau site, two structures were excav_'ated: Hol‘1~15e A, the
southwestern most latte house; and the rock shelter. .

Military Si gnificance

In the 1950's both the U.S, Navy and Army: Corps o:f' Engineers
undertook studies in Bahia Laulau for military purpbses. >P“riérnarily, the
military was interested in utilizing the bay as a landing site::,:i limited lee
anchorage and oil depot. The majority of this information was :. collected by
fl:he_ Army Corps of Engineers in their Military Geology of Saipan, Mariana
Islands in three volumes: I, Introduction and Engineering Aspects% II, Water
Resources; and III, Beach and Terrain Analysis. The purpoée of this

survey was two-fold. The first was to collect scientific information through
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a field stﬁciy of majof islands in the Pacific .and the sec;)n:,d'. Was to publish
this information in a form usable by the U.S. Armed Ebrces and Civil
Administrators working on aséignments in the is_ilands. | b

Since the war, a number of studies on af;;\:vide variety 'ol'f sﬁi)jects have
taken place in the Mariana Islands. Most of f}lese studiés ‘_w~er:e ;_undertaken
by the CNMI government to learn rnor>e about fhe_ islands fcx; ’ch’é ;purposes of
developrﬁent.v Most of these studies aré - geological, __:a-zéi‘i}'.lf'a;eological or

biological.
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PHYSIOGRAPHY AND SHORELINE SITE DESCRIPTIONS

INTRODUCTION

The; immediate coastal region within thf.e Laulau efnbayme?xt is quite
variable and includes low wooded ferraces ;of limesand,'-_- ‘VI_{'(!a;:("antly raised
limestone depoéits and steep slopes, cliffs andfheadlands of .l.:ufdtil;;older raised
lirnestope and volcanic rocks. Fringing réef platforms-{ of var1ous widths and
narrow beaches intermittently border the shoreline. } ot .
METHODS |

Déécribihg the shoreline features of each Site :in_- B}a.ll.li;a:_L‘élulau r;equired
literature séérch and field mapping. Prior to act:ﬁ::aLl_ éieid -evaluations, a
c>or‘npos'i‘té‘malp was‘s. drawn from existing data and maps -(Cljoxid 1959, Doan and
Siegre'__st,'_ Il979, Eldredge and Randall, 1980). Thesé maps w;afe then taken
into thezfielci and checked for accuracy. Fpur (4)‘v:si‘te?s;'f' were chosen for
detailed study However, a fifth site (la) ‘was added foré 1ts uniqueness and
becauseiil'_t‘ was a frequent rest spot between invest‘igaﬁori‘s‘{ {ét other sites.
All stud;i:(z'; sites were evaluated on foot and offsiho'reji}_lbijr boat. Brief-
descriptioﬁ? of shoreline features at the five study sit'e's :;f:ollow. Refer to
Figures 4a :and 4b for details. o
RESULTS

Site 1 is located along the Wave—assaulted nor;theas'tiisve;ction of Bahia
Laulau about 800 m (2,625 ft) west of Puntan Hagrrllaﬁ- in a small angular
enbayment wheré Mariana Limestone is in fault contact with volcanics of the
Hagman formation. A steep volcanic slope forms the northern shoreline of
the site and a sheer limestone cliff with a deep concave inotch cut at sea
level forms the western shoreline. Large blocks and boul'ders,. presumably

wedged out from the adjacent steep slopes and cliff face, buttress the
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shoreline and at a few places form small wave-washed isl'le.ts a few meters
from shore. |

Site la is located in a relatively protected section of Baihia Laulau
approximately 400 m (1,312 ft) northwest of j.l?untan Bapot'\‘y.h.er‘e a narrow
subtidal fringing reef platform borders the sl,.hore. A low. c‘lif;f: of Mariana
Limestone buttressed with numerous blocks and boulders fo,rjm:sl.- {an irregular
shoreline along the site. Intermittently, the chff face: 1s prominently
undercut or ’notc.hed just above reef platform level. o |

Sit.e 2, .alzso somewhat protected from Northeast _T;“a.déyvzi.x;ldi:\_:wave a_gssault,

is located 450 m (1,476 ft) east of Trinchera whefé a xle‘lativel_?y wide

intertidal fringing reef platform borders the shdre_.; .:Be'ach deposits,

cor;lpos_éd; Imoétly of bioclastic sand, gravel and rubble of fréef origin, form a
narrov&i b%a.nd along the shoreline. | ‘

The:'-_ ‘shoi'eline features at Site 3 are quite similar to those ofl Site 2
except for greater exposure to tradewind waves and a narrow band of
‘recently;‘_v:emerged limestone (less than 1 m high) that se:parates bioclastic
beach depécésits from the intertidal fringing reef platfo%m.; o

Site 4. located 1.1 kilometers (0.7 miles) northwest oi,f- :Pﬁntan Dandan,
is exposed :to heavy tradewind wave assault. Low limest\one:_ cliffs of Mariana
Limestone’ 'forrn‘_ the shoreline. Although extensive beach dé;pvosits are absent
along the’ shéreline, a few ;rﬁall patches of bioclastic rubble have
accumulated at ' erosional reentry areas along the cliff face. A narrow
fringing reef plétform borders the shoreline at this site,

CONCLUSIONS

Sites 1 and 4 are the most unique and different of all five sites. Both

are unprotected against heavy ocean swells and are, therefore, usually

rough and dangerous in terms of currents and seas.
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Sites 2 and 3 are quite similar although Site 2 is sligh.tly more protected
from northeast tradewinds. Both have intertidal fringing reef platforms and

bioclastic beach deposits. A narrow cut through théj reef at Site 2 provides

" reasonable access to the bay.

Site la is the most protected site since it is tucked in and away from

prevailing winds and waves. It is more similar to Siﬁes 2 and 3 than Sites 1

and {1.
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GEOLOGY

INTRODUCTION

Saipan exhibits the same high degree of geolc;gic diversity and com-
plexity that characterizes the other major islands in ‘fﬁhe southern Marianas.
A core of Eocene-Oligocene submarine volcanic an:;d: volcanoclastic rocks,
formed as the result of tectonic pla';e convergence, has been veneered with
progressively younger sequences of shallow-wate;' limestones.  Vertical
tectonic adjustments of the island-arc system," including net uplift, faulting
and tilting, coupled with sea level fluctuations .érising from Pleistocene
glaciation cycles, have raised and terraced Saipan and the other "high!
islands in the southern Marianas, |

Bahia Laulau is indented about half-way into thé island perpendicular to
the prevailin;g northeast-southwest trend of the major rock units and topo-
graphic features (Figure 5). Thus, it provides a cross-section i’slong which

most of'a_the major rock formations and many of the .structures, soils and

. landforms can be viewed and studied. ' S

~ METHODS

Thé goal of this study is to prepare geologic envlironmenta%lib evaluations
of four pre-selected onshore sites in Bahia Laulau v}here laﬁél-use modi-
fications have been suggested (Figﬁre 6). .

In order to carry out this objective in 3% field days, heav%y% reliance is
placed on supplementary sources, including earlier published ".m:'a.ps, data,
reports, :Lv'alnd on ae;ial photo interpretation. Seven 'vﬁeld trahgects were
requiredl to sample, E’._ describe and evaluate the geolo.gic materié_ls in the

vicinity of .'_che four sites and to verify the air photo analysis.
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Any new land-use activity requires some thought on iaossible environ-
mental effects. Along Bahia Laulau eight’ geologic—relétédi factors or
conditions were considered necessary to arrive at reasonablo"xsito ’:evaluations
and sito—,to-site comparisons, ’

Rock Units: Distribution, thicknesseé, stratig;raphic positioo, fstz‘rj:uctural and
physical properties. | S

Rationale: The mineral composition, grain size geomotry (texture)
and fracture characteristics of a rock body place hrmts on enﬂgmeermg and
bulldmg apphcatmns They control the type and th1ckness of soil cover,

slope and terrain morphology, surface and groundwater hydrology and

economic . resource potential. In Table 1 (Appendix A) _W\e;p‘r,e’sent ajhst of

theh maoped units and a general summary of their impor:toﬁt c‘haracteristics
used for s1te evaluations (Modified from Cloud, et. al., 1956) |
Soil Umts- Distribution, thicknesses, composition andphys;cal propei'ties of
mapped so;l units. | ‘

E'.Rotionale: Engineering properties of soils are .défiw;ed from their
basic mmeral composition and thickness. Strength, sen51t1v1ty to vibration
or excavatlon, compressability, erodability, permeability, shrmk—swell poten-
tial and ease of excavation must be considered in site stod1e§. |

Tal.ale: 2 (A_ppendix A) lists the major mapped soil unit'.s‘:v ofound the sites
of Bahia 'Laulau and their iroportant charactei‘istics ' (Modified from
McCracken, l95f). |

Slope and Stability: Slope stability is evaluated by estimating the "safety

factor", defined as the ratio of resisting forces (usually shear strength of
slope materials acting along potential slip planes) to driving forces (usually

the weight of the slope material including vegetation and buﬂdings).
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Rationale: Forces are static; they change with time, ‘ earthquakes and
planned and unplanned slope modification, There are many signs of historic,

ongoing and potential slope instability around Bahia Laulau; several of the

" latter could be catastrophic. Moreover, submarine'élope instability should

not be overlooked at any site where underwater structures are planned.
Table 3 presents a classification of the prinéipal .types of downhill
movement or mass wasting (Keller, 1982). Where obsérved, they are noted

on the profiles included with the site evaluations.

Table 3. Classification of Mass Wasting.

Type of Materials:
Movement Rock ' ' © . Soil
Slides . Slump Blocks "~ . Slump blocks
(variable water Translation slide ' ' (Rotational slide
content and rate . : Scil slip (planar)
of movement) :
Falls Rock fall . Soil fall
Slow Rock creep : ‘ Soil creep
Flows Unconsolidated materials (satﬁréted)
Earthflow .
_ Mudflow (incl. submarine)
Rapid Debris avalanche '
Complex Combinations of slides and flows:

Geologic Hazards: Ceologically—related conditions that can lead t(; zloss of life
and propér'ty.

Rationale: Excluding slope iﬂstability already mentionea and the
overall problem of ea;thquakes, danger from flooding must be considered the

most serious geologic hazard within Bahia Laulau. Flooding could be from
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either storm or typhoon-generated waves or flash floods wh_enre the rock and
soils .favor surface runoff. | ’

In considering beach flooding by typhéén-generated s&elfs, we can
compare tsites by computing an Index of Speciﬁ:c.: Vulnerabiiity;. VS (Doan and

Siegrist, 1979). V. is based upon empirically derived att’enﬁzaﬁqn functions

S
(Komar,fl976) and studies done on Guam in cbnnecti_ox} wit.l'l-:'I"gr_i'p":hoon Pamela
(Ogg, 1977). | o

A ‘gyphoon-generated wave with a height in »meters;_bejfd_x}ev i};a;'eakinfg, Ho,
is atterﬁuateq.\x;hen traveling across a reef flat of w1dthw,by f-:the eri:lpirical
functioxzi‘:‘ | L

where Ha is the attenuated height upon arriving at the beach. The Index of
Specific Vulnérabﬂity is calculated as:

VS = Ha - (1/D max " Ha)

is the maximum effective depth of water shoré:ﬁva’rd of the reef

where D

max T
front.- é)n; Saipan VS ranges from 3.1 (Tanapag) to '17.6 “(Eahang) with 9.0
being the ‘maximum vulnerability.

Alluvial Processes: Drainage; overland soil and stream - erosion and

deposition; lpotential sedimentation problems.

Ré.tionéle: Qualitative assessments of the pqsition Z,'é.nd condition of
nearby streams and gulleys shouid accompany environmeﬁtai evalua'Fions.
Soil is esséntiallsr a non-renewable resource in the tropics. Land stripped of
vegetatidn v;ill be quickly eroded down to bedrock on all b\;t gentle slopes.
Alluvium-choked ephemeral streams indicate soil and slope erosion upstream,
episodic or possibly catastrophic stream discharge, flood potential and
eventual sediment buildup downstream or on the reef flat. |

Subsurface: Porosity and permeability; infiltration rates.
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Rationale: Very little surface water is retained on the Tagpochau Limestone
and virtually none on the Mariana and Tanapag formations in the Bahia

Laulau area. Infiltration rates are extreme. . These formations are

" honeycombed with planar fractures, irregular fissures, caverns and caves.

Surface instability arising from these subsurface features is demonstrated by
swales and sink holes. Heavy construction planﬁéd for sites on these
formations should 'be preceded by thorough subsurface investigation

including geophysical surveying and borings.

Coastline Configuration: Position and configuration of t.he? coastline as it
relates to historic typhoon and normal seasonal wave'energy directions.
Rationale: All the coastal areas around Bahia Laullau are to some
degree vulnerable to rapid erosional-depositional changes Brought on by
storm waves.:
Expecta’r;le sea and swell directions'fro.rn local and regional weather
patterns range from east to northeast except from Jlin_é to Augusit when low

to rnodefate east-southeast seas can be expected (Doah and Siegl'rist, 1979).

. Historically, the typhoon-generated wave directions 'around_ S_ai_ipan range

from the southeast to southwest.
At each of the study sites, rates of sea cliff and headland retreat
and/or backshore and beach redistribution and remoxf_al are debendent on

wave direction and magnitude as well as coastline configuration.

Economic Resources: Estimate of the type of mineral resou;'ées in the
vicinity of each site.

Rationale: Bshia Laulau rocks have yielded limited quantities of
highgrade ,rnanganesié’e ores associated with the 'I;agpochau";Limestone

formation. It was pointed out by Cloud et. al. (1956), that although total
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manganese at depth may be considerable, renewed mi;ﬁng would be
dependent on external economic factors, especially world markétsl.

Bahia Laulau rock formations were also examined for poséi"ble use as
constru;tion aggregate. Obviously, a well designed sar'np'l_ir_'lg‘ énd testing
program is mandated before claiming fhe certainty of any matenal being an
economic' resource. ‘ 3
RESULTS

Site 1, Sabanen Hagman

Location: On terraced coastline east of Isleta Maigo (U_néi.Hagmvajn)

Profile: .Figu}es 7a,b

Local Rock Units: (13 units - High Diversity) (Rock unit . symbols from

Table 1)
Béél%OjCk iUrvxits: Mariana (dominant) Qmm, Qmr :
: Tagpochau _ Tti-, Ttd, Ttr, Ttt, Tm
Densinyama - Tdeq v
Hagman (dominant) The
Masg :'-._Vi]ast.ing Units: Slump blocks Qx
:: Debris blocks Q1
Uncons:'olidated Units: Beach Qrl

Older Terrace Deposits Qp
The structural geology and stratigfaphﬁr are very compléx; all_';he formgtions
on the peninsulé are cut by normal faults, some witﬁ large displacements,
The Hagman forn;ation also displays growth faults. Joints aﬁd joint sets are
very pronounced " in the Mariana but less so in the Tagpochau formations.
Relatively steep dipping stratification planes contribute to reducing slope

safety factors.
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A fracture compilation done by aerial photo interpl"ef‘a’tio»n (Figure 8)
reveals that the peninsula inéluding Site 1 is bounded on atleas"t ’éhree sides
by faults and is cut by several prominent lineaments that couldv \;&763:11 be other
faults or. major joint traces. | ' B

Local Soil Units: (7 units)

Saipan - Chacha

Dapdan

Akina - D‘agvo

Cl':lipenl |

Réﬁgh stony land on limestone (dominant)

Rough broken land (dominant)

Ql-,l'érries;
Most sippie:s are too steep to allow soil formation: Véry shallow stony to no
soils on ro‘ugh pinnacled Mariana formation. '

Slope Stabﬂity: (See Figures 7a,b)

The’ following types of mass wasting were observed in and around Site

Rock "f:fdlls: (ongoing): Labeled 1 on Figure 6, v7a,_ib:_ Hagman and

| Mariana formations. s
Rock"slides‘: (historic and ongoing): Labeled 2 :.on iFigure 6, 7a,b:
Hagman and Mériana formations:  Both vr'otational and

translational types. |

Soil creep: i (ongoing): Labeled 3 on Figure 6, :Ya,b: Hagman,

Tagpochau (Ttd) and Densinyama formations.
Mass wasting on the south Hagman coastline is both active and unpre-
dictable, Highly fractured bedrock, steeply-dipping soft.‘ and weathered

volcanic strata, extremely steep slopes, high relief, sparse vegetation and
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low—level shock waves from earthquakes and storm swells contnbute to lessen
safety factors to Site 1. Many of the slopes on Puptan Hagman are barely
stable.

Figure 8, shows the peninsula including Site 1?‘?nd depicts the distri-
bution of historic and ongoing downhill movement :off materials. From air
photos: rock falls, rock and debris slides and 5011 creep can be plainly
discerned.

Directly offshore from Site 1, in Bahia Laulag, the submarine slope
exceeds 18° within .5 km of the shore (location 4 ‘c:)n Figures 7a,b). This
slope is considerably higher than the 2° to 4° slopéé at which underwater

muds start to slump, flow or form turbidity.currenfcs,: The thinly-bedded,

' tuffaceous Hagman formation probably crops out on these slopes in a line

between Dandan and Hagman. Periodically, and Ae'specially‘ in a seismic
region such ‘as the Marianas, we should anticipate significaht submarine

movement of Hagman-derived muds along the slopes. It also appears from

the d1rect1ons of dip of the Hagman as seen near Slte 1 that they coincide

: roughly Wlth the direction of submarine slope, thus further reducmg any

safety factor.

Several writers (Tayama, 1938; Cloud, et. al., i956) ha‘;l*e' suggested
major submarine slumping as a possible mechanism fé_r the fér%'mation and
present configuration of Bahia Lauléu. ‘

Danger from Flooding

The probability of Site 1 being flooded by either storm wa’,v,_'és or sur-

face water is nil.

Alluvial Processes _

1

There are no permanent streams in the Hagman area and only one or

two important gully systems for storm drainage. Surface drainage across the
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Mariana Limestone is short-lived because of its high permeaébility. Slopes on
tl;xe Hagman formation are highly vulnerable to sheetw%c_\sh and soil removal.
Subsurface |

From the nature of the outcrops it is obviou';.éf that the Mariana and
Tagpochau formations possess high porosity—permeab'ilif_ty zones., Wells sunkA
in them, depending upon Ilocation, would only hit_: ;"watér at the contact
between them and the underlying Hagman or at thé freshwater-saltwater
interface near sea level. Certainly, any construc:i_tion planned for such
heavily fractured and relatively soluble rock as the Mariana or Tagpochau
Limestone demands a complete subsurface evaluation.

Coastline Configuration

The Hagman site generally faces south with several prominent headlands .
developing southeast and southwest faces. However,: normal NE tradewinds
seriously affect erosion rates by refraction around Isleta Maigoi, Tropical

storms and typhoons would probably attack the baéé of Site ‘1 directly

- promoting active coastline retreat and generating . sufficient submarine
. instability to initiate submarine slides directly off the site. -

Economic Resources

Thé Japanese successfully developed a small manganese proﬁ)ect on the
east side of Hagman peninsula. The black oxide ofe can stfil be seen
stockpiled on a bluff overlooking Unai Hagman. No estimate of:; reserves is

available, Such an estimate would require extensive geophysica‘i‘l"i1 surveying

and exploratory drilling.

~The stockpiled material was mined from the Tagpochau .formation,
occurring as both a! vein filling and as the matrix in a brécgia zone.
Grinding, washing and jigging would probably concentrate the ore efficiently

and inexpensively (using seawater).
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The Mariana Limestone formation has been actively qﬁaxfried on Hagman
for fill material. The rock ‘is crumbly and powdery and lécllcs;: any good
aggregate quality. Andesite gravels in the'Hagman for.mvatiori,: however,
certainly are well-suited for construction aggrégate and aﬁpé_ar, %xti:-the top of
the cliffs east of Site 1. | | l‘

Site 2, Unai Bapot

Location: Beach and backshore 400 m (1,312 ft) nAor'theas"t.':o'f Trinchera
Limestone and upslope terrain northwest of beach. ‘

Profile: Figuré 9a,b

Local Rock Units (Nine mapped units) (Rock unit syrr-lbols: frogn ‘Table 1;)

Bedrock Units: Tanapag Qta . :
o Tagpochau Tti, Ttd ‘
Hagman The, Thb
Uncc;n.solidated Units: Beach Deposits _ Qrb (
- Emerged Limesands Qrl
Alluvium Qa:

Older Terrace Deposits Qp
The supra:tidal zone or backshore is dominated by Tanapag limestone and
emerged saxixd and sandy gravel beach deposits. Northwelstlof the beach
road the ':Tagppchau crops out along buttresses and ’Iéenches between
ephemeral stream valleys. Upslope.the Tagpochau Limestone i‘s‘ underlain by
highly weathered, tuffaceous Hagman volcanics and voicanoclasfic sediments.
Outcrops of the (calcareous sandstone and shaly Donni memBer (Ttd) of the
Tagpochau Limestone can be viewed on the hilly road leading almost due

north from the beach road (following the former Japanese railroad line).
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Normal stratigraphic relationships are evidence for li>tt1>¢- of no faulting.
Jointing in the limestone mefnber of the Tagpochau (Tti): -is:pliro;ninent but
with no apparent pattern. .

Beach deposits and emerged limesands are both calcéreoué' and non-
calcareous (silicate, oxide). Iron oxiae (magnetite) and irOﬁ—;{tjit;anium oxide
(ilmenite) is found along intertidal foreshore,: beach, .emergca:d“:b_;each and in
epherner_a-\l stream deposits (Qa). A ;

Soil Units: V(S.uvnits)

Sa:ip_an - éhacha

Li‘:cjo-. - Akino - Dago

Chinen .

Sﬁio:y_a |

Rough stony land on limestone

Roug:'}lll broken land
Good cot.“r:'éllati'pn exists between soil and rbck units;» Sa1pan - Chacha on
'Tagpochaivl.‘i_;:‘ rough stonyland on Tanapag; rough broken iand on Hagman;

Shioya soils on calcareous sands and gravels.

Slope Stabiiig(: (Figures 9a,b)

Lower ;'slopes are generally stable with minor soil creeé 4on Tagpochau
Limestone 'ﬁuttrésses along the road. Slopes on Hagman and Donni member
of Tagpochau Limestone display slﬁmping and major so_il cr:ee;.) (locatign 3,
Figures 9a,b). : Several mudflows are interlayered wﬁh alluvial wvalley {ills
(location 1, Figu‘res 9a,b). A rock slide talus deposit (loc;.tion 2, Figures
9a,b), occurs at the base of a steep Tagpochau Limestone cliff.

The index of Specific Vulnerability, VS’ ranges from 7.3 to 7.7, second
highest on Saipan and third highest among =all beaches on Rota, Tinian and

Saipan. Moreover Unai Bapot's location on the north side of Bahia Laulau
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means that HO, the initial height of typhoon-generated wa{res, might grow to
be well in excess of the standard nine-meter typhoon: wave (Bascom, 1964).

Alluvial Processes

Ephemeral streams draining the slopes north and northwest of Site 2
have deposited substantial alluvial fans éomposed 1off__ gravels, cobbles and
sand intercalated with clay-rich layers and occasior;:a'1.4 debris flows. These
deposits are designated Qa on Figures 9a,b. The 'la“irge quantity of these
materials attests to the velocity and discharge of flésh floods as well as to
upper slope instability, soil erosion and gullying. Evéntually, this pre-
dominantly silicate-oxide detritus reaches the beach and reef. flat area where
it first forms small deltas; later the sandy ?ortion is redistributed parallel
to the beach by longshore currents thle the clays a-‘re carried downward.
Subsurface

The Témapag and Tagpochau Limestone formations are doubtless
cavernpﬁs. Although no sinkholes were observed, a 1é£ge cave,ir:i the
Tagpoch_au limestone formation has its entrance on the beach 11:-oad 400 m
(1,312 'fAt) west of Site 2. Fresh water érobably runs off "}c;he upslope
Hagman. limestone formation, down to the cavernous: Tagpochau limestone
formation and back to either the impermeable Hagm:;n :ﬁor to thé?.water table
which is in hydrostatic balance with sea level.

Coastline Configuration

Unai Bapot is positioned in Laulau such that is recei{rés minimum
expectable Northeast tradewind swell and maximum expectable typhoon swell.

Economic Resources

The Tagpochau iformation cropping out immediately north of :}the beach

road appears to possess the requisite density required for construction
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aggregate. It certainly appears no different in hand 'specimens from
Tagpochau Limestone material presently being mined for 'abggré'gate near

Marpi.

Site 3, _Uhai Laulau

Location: Northwest extreme on Béhia Laulau, 1.7 km'_'( 11 mile (m))
west-southwest of Unai Bapot, 150 m (492 ft) ‘.along coast xiionjé'fl;j"e_:ast of point
where béach road turns west toward Cross-Island high\;vafy. L

Profile: 'Figure‘d.lOa,b ‘

Rock Units: (7 mapped units) (Rock unit symbols from Table 1)

Be‘d‘rockv Units: '_l“anapag Qta
Mariana (dominant) Qm:a,_ Qmm ,
Tagpochau Qti, Qtd .
Ux'?éér;sondated Units: Beach deposits orb |
| Alluvium ‘ Qa

There arei '..no volcanic rocks at Site 3. The stratigraphic sequence features

Tanapag zfeefal limestone veneering seaward benches of Ma:r:ianra and Tagpo-

chau formz;xi;ion. Tagpochau Donni sandstone member ‘(thli):..‘is“in fault con-
tact with 'I-‘égpochau limestone on slope of major north—southi?a_vine (north of
Chamorro Village). L
Scil Units: (4 gnits)

Saipan - Chacha

Chinen

Shioya

Rough Stony Land on Limestones
Shallow yellow-red to reddish yellow brown clay loams on Mariana and Tagpo-

chau Limestone formation.
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< Figures 10a & 10b. Vertical cross-sections at Unai Laulau. Viciﬁity of Site 3.

Section lines from Figure 6. Rock unit symbols from
Table 1. ’
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Slope Stability: (Figures 10a,b)

Relative stability of slopes characterizes this_‘_ site.  Minor  slumping
occurs in the Tagpochau (Ttd) Donni sandstone memi)er (location 1, Figures
" 10a,b). Possible rotational sliding of Tagpochau 1i;r§estone is indicated at
fault in ravine. Soil creep is evidenced on roaéi and hillsides below
Chamorro Village.

Danger from Flooding

Danger of flooding is less severe than at Site 2.V ranges from 5.1

S
to 5.5. Downslope runoff and stream discharges are not likely to cause
dangerous flooding. The small watershed (collecting area) and lack of

impermeable volcanics needed to prevent infiltation apd logs of discharge
lower 'Fhe possibility of serious flooding.

Site 3 is somewhat more protected than Site 2 from flooding due to
expectable t?phoon-generated swells; it is generally - more susceptible to

tradewind-driven wave flooding.

Alluvial Processes

Sorﬂe active soil erosion and alluvial tfansport were noted in gullys
along the road. Alluvial fill occupies a major raviné north iOf Chamorro
Village.’ The road itself may become a sediment channel dufihg typhoon
conditions. l 3
Subsurface

Highly fractured bedrock. Construction on Mariana and :;Tagpochau
limestone units inadvisable without thorough subsurface investiga"ti(.)h.

Coastline Configuration

Vulnerable to both typhoon and tradewind propagated waves. Active
headland erosion on cliffs below Chamorro Village; very susceptible to major

storms. Longshore drift is generally northeast to southwest.
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Economic Resources

Rubbly, sugary coralline Mariana limestoﬁe was for_rner-ly: quérried from
the hillside immediately north of road, 400 m (1,312 ft) \.Nés‘t of Bay. No

potential ;for aggregate-quality materials.

Site 4, Unai Dandan '

Location: Immediately southeast of Unai Daﬁdan along 1(5 m(33 ft) high
wave-cut bench, approximately 500 m (1,()450 ft) f_%om northeast end of
airport ‘runw:ayl'. t : e ‘
_onf'ﬁ; .Fig_xi.lrt:a 11

Rock Units: (4 units:low diversity) (Rock unit sym’bo‘ls from Table 1)?’

Bed.rock.v_Units: Tanapag : Qta . . _='-j.
o Mariana (dominanti) Qmm, th
Uf}céhsolidated Units: Beach Deposits Qrb

Ten and thirty-meter wave-abrasion terraces cut into massive and cavernous

Mariana _fqvx"ere'_ef detrital limestone. Numerous solution pipés ‘and joints are

found inl Mariana and in subordinate Tanapag limest"onev.: ‘No faulting evi-

dent. 'Se:_c;,ondary solution features are pervasive in 5quéfry outcrops of

Mariana limestone.

Soil Units: . (1 unit)

RougH stony land on limestone. Soil found only in _irfégular pockets in
solution pip'esb and joints in limestone.

Slope Stability: ' (Figure 11)

Slopes at Site 4 are stable. Only occasional rock falls from open-

tension fractures above wave-cut notches present any slope problems

~ (Location 1, on Figure 11).
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Danger from Flooding

.None. Rapid infiltration of surface water prevents sheetwash or chan-
nel flow. Typhoon waves from unexpectable NE direction could.easﬂy spray
upper 30 m bench.

Alluvial Processes

No isurface water. Any mobilized soil rr)o'.ves int_o:.fracrure;sf fand solution
pipes, not along surface. ' |
Subsurface |

Very porous with high implied permeability. Random surface depres-
sions and perhaps sink holes to be expected. Thorough subsurface analy51s
must precede heavy construction.

Coasthne Configurations

Northeast facing coastline along Bahia Laulau should ant1c1pate almost
constant wave attack. Headlands will be espec1a11y vulnerable at Site 4.

Economic Resources

The Mar1ana limestone has been quarried at th1s s1te practlcally since
the reconquest of Saipan. It appears on 1946 alrphotos._‘. ‘The material in
outcrop is.;; zdeceptively hard and appears to be appropnat:e for aggregate.
But, like roost near-surface Mariana limestone, the rocks have been altered
by solution anci reprecipitation giving it a marbleized. pafina. Subsurface
samples tend to be more crumbly ahd chalky except along solui:ion pipes and
fractures where the limestone resembles outcrop samples. |
DISCUSSION |

Comparison of Sites

Table 4 (Appendix A) presents a synopsis of the major features
presented in the site evaluations, enabling qualitative comparisons to be

drawn. For major on-shore construction, Site 4 is generally the most
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suitable in that it exhibits the fewest unfavorable gedlogic constraints.
I;lowever, all the sites have an abundance of lixnéstone bedrock that is
notorious for subsurface permeability and porosit:{(. Very careful field
" mapping, geophysicallproﬁling, airphoto interpreti:.xixg and drilling should
precede heavy construction. The presence of fractur‘fés and caverns may be
such as to preclude any of the sites being acceptable_;.-.-

Geologically, Site 1 offers to tqurists and naturalists alike one of the
most uniquely interesting and important landscapes :.in the entire Northern
Marianas. - Hagman constitutes an outdoor laboratory illustrating the major
steps in the 30-million year physical evolution of Saipan from a submarine
volcano to a terraced "“high" island, |
CONCLUSIONS

Site 1 is a very diverse area and scenic Iocation. . It has great
diversity of: geology, extreme instabilify. of onshore slopes, probable
instability offshore, wave-vulnerability to cliffs and héadlands, :'-no surface
water, f%actured and permeable bedrock and a small manganese p%;_)spect.

Sitel 2 is generaily a peaceful recreational site. Howeve’xi,_'_i_:t is highly
vulnerable to typhoon swells as well as to flash floodiné down ravines to the
north. Although there is a strong possibility éf ‘flooding;'. the lower
elevation slopes are stable. 3

Site 3 is generally a recreational location like Site 2 w1th relatively
stable slopes and coastline. There is the potential danger of floci)c:iing during
typhoons. like Site 2. Alluvial processes in the area ﬁx{e'sent few
sedimentaﬁén or drginage problems. - However, subsb‘urface pofosity may
present construction problems. |

Site 4 is a scenic location with excellent view of Bahia Licxulau and

Hagman. Here there are stable slopes and the coastline is generally
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protected from typhoon-driven waves. However, prevailing winds and waves
create rough offshore conditions as a normal ?occurence_. The ' substrate is

very porous and there are no streams,
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PHYSICAL PARAMETERS

INTRODUCTION

This section includes data on physicalgparameters feﬁnd ;:'specifically
within ‘B.ahia Laulau or in the genefal Saipan area. General".elimatological
data include air temperature, relative humidity, ramfa_ll vs.rm.cl dlrectmn and
speed, sea temperature, occurence of troplcal dlsturbances alld typhoons.
Spec1f1c data collected within Bahia Laulau mclude deepv oceamc water
temperatpre _and salinity, Wmd direction and speed bathymetnc prof11e,
inshore and offshore current patterns and nearshore yvatel" qgahty.
METHODS | -

General climatological data mentioned above were eomplled from existing
data (US _Naval Weather Service Command, 1971;' Naval Oceanography'

Command:- "Center, Guam, 1983; U.S. Department o:f VC‘lommerce, National

Climate C‘e',nter',_', 1981). Wind direction and speed were meaéﬁred during each

of the four field investigations.

Oeealalc t.ernperature and salinity were measured on E‘N:<')'37¢;‘én‘1.ber 4, 1982 at
the surface and four depths (229 m (750 ft), 305 m (1 000 ft), 381 m (1,250
ft), 457 m, (1,500 ft)) directly offshore of the proposed OTEC site (Figure
12) (Table 5, :Appenchx A). All sampling was carried out from the M/V
Bahija Laulau and the CRMO Zodiac utilizing a 1.2 liter N‘:ans’on-type water
sampler (G.M. Manufacturing Co.) equipped with Kahlisco deepi sea reversing
thermometers (-2° to 35°C). By using the combination ef protected and
unprotectedl reversing thermometer readings, accurate temperature
measurements were determined and the depths calculated.

A single bathymetric profile was taken off the propoeed Bahia Laulau
OTEC site. This profile was made to a depth of 732 m (2,400 f£t) wlth a
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Fine Line Fathometer (Ross Model 400-A). The transect follo_w.ed a compass
course of 165°(SSE) until the limit of the recording fathom_eter} w.as reached
(Figure 13). o

To determme general water movement pat.terns of the Bay‘, Ia necessity
for a potent1al OTEC operation or other future activity that may be planned

for the area, it was determined that a year-—long study was.. necessary using

drift drogues placed at various points within Bah1a Laulau

Water movement and current patterns were 1nvest1gated quarterly .over a
year perlod employmg 1 m and 5 m drift drogues offshore and fluorescene
dye releaseston the reef-flats, Drogues were checked every 30 to 60
rmnutes after'release and their position determined by tnangulatlon (flx) on
preestabhshed marks with a hand-bearing compass ’ Dependlng upon the
dlstance ;traveled, the drogue was then elther plcked up and restarted or
allowed to‘:dri:ft another 30 to 60 minutes. Tracks were then plotted on a

chart to determine general water movement patterns. Additionally, at the

time of every set or fix the direction and velocity of the Wlnd ‘was noted.

On the reef ﬂats, dye was released and allowed to! travel a distance of
10 m (33 ft) The time and direction of travel were recorded ‘and from this
direction and veloc1ty (meters/second) of the current were: determmed Each
dye release was repeated three times and averaged for each locatlon. Dye
release studies were done only for 51tes 2 and 3 where reef ﬂa_ts occur.

Nearshore l’yater quality has only been superfic‘ially evaluated in the
Bahia Laulau are‘a. The CNMI Department of Environmental t‘Quality collected
water samples .from 10 stations in Bahia Laulau during February
1983 (Figure 13). These 10 samples were evaluated for total and fecal

coliform only indicating the degree of pollution in localized areas. Future
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monitoring will include five additional parameters; turbl_iv.:‘lity_, Asuspended
solids, chlorides (salinity), d..issolved oxygen and pH. | |

RESULTS |

Air TemEerature ‘

The island of Saipan is located hetween: f5°05' and 15°-,2'0j‘§ i}iorth latitude
and 145°40' and 145°50' East longitude. The t:limate_o_f Sa1panls considered
tropicall being almost uniformly warm and:humid throughout the  year.
Afternoon temperatures are typically in the middle. or hlgh e1ght1es and
mghttlme temperatures typicallty fall to the mlddle or low seventles The
average .annual temperature on Saipan is 27.5° c (81 5°F),j ‘Wlth a mean
maximum temperature of 32.2° C (90°F) and a mean. m1n1murn temperature of
22.2° C :(72°F) (U.S. Naval Weather Servxce, 1971) The da1ly temperature
ﬂuctuattohl is' about 10°F., The hottest months are usua.'lly June through‘
October, ‘\lwhlle the cooler season falls between the months of January and

April.

Relative ﬁ_umidity

Relat'i\:'re humidity generally varies from 75 to 100 .pe'rczeht‘ ?with an annual
mean value of 81 percent (U.S. Naval Weather Serv1ce, 1971) Humidity
commonly ranges from around 65-75 percent in the early afternoon or during
the winter months to 85-95 percent at night or durmg the hotter, rainy
months (Naval Oceanography Command Center, Guam',‘ : 1983). Both
temperature and humidity vary only slightly throughout the year, but
rainfall and winti‘ conditions vary markedly and it is these variations that
define the seasons on Saipan.

Rainfall
Annual rainfall on Saipan averages approximately 86 inches with a

monthly average of 7.2 inches. The wettest months are August and
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September with averages of about 13-14 inches while the dryest months are
I*;ebruary and March which average 2.5 - 3,5 inches of precipitation (Hinz,
1980 and U.S, Dept. of Commerce, National Climate anter, ]§81). Data from
" the U.S. Coast Guard Station in the southeasterp‘:portion of the island
indicate an average annual precipitation of 76.6 ‘irj'lvches (recent 10 year
period) ranging from a low of 58.85 inches to a high:?o'f 102.23 ir;ches.

Wind

In the vicinity of Saipan, the steadiest winds ‘occur when the winter
monsoon and the northeast trades reinforce each other. Between November
and April, northeasterly to easterly winds prevail approximately 70 percent

of the time at a velocity of 10-12Z knots (kn) (8.7 - 10 mph) (Hinz, 1980).

Easterly winds predominate 47.7 percent annually with a mean speed of 12.0

kn (10 mph) while northeasterly winds occur 24.9 percent of Fhe year Wi:th a
mean speed :of 12.5 kn (11 mph) (U.S. 'N_av.al Weathgr Service Command,
1971). The calmest months of the year are July - Séptember when winds
typicaliy;__average less than 6 kn (5 mph). -

Water Surface Temperature

The mean surface sea temperature for Saipan is 2é.6° C (83.4°F). The
mean minimum temperature of 27.3° C (81.1°F) o'ccu‘.rs durin.é. February,
while August has the highest mean temperature of 29.:-6° C (85.“;2°F) (U.s.
Naval Weather Service Command, 1971). . '

Tropical Disturbances and Typhoons

Saipan is in an area where many tropical disturbances occur. Tropical
storms become typhoons if surface winds at some time during the progress of

the storm reach a speed of 64 kn (55 mph) or greater. Although the storm
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tracks are often erratic when in the vicinity of Saipan, they éenerally move
towards the WNW, N

Tropical disturbances occur most often bet’yzeen July and ’Noyember and
are least likely to occur from January to April One source' shows an
average of one storm a year or1g1nat1ng in or Ipassmg over th1s ‘area (Hingz,
1980). Guam data (1959 - 1981) shows the occurance of all tropical cyclones
(depressions, storms and typhoons) was greatest durmg the months of
August (6 3 cyclones) and September (5. 9) and the least frequent durmg
February (0.3), January (0.6) and March (0.7) (U.S. Naval Oceanography
Cornmar.lld. Center, 1983). The frequency of typhoons follows the exact same
monthly pattern. ranging from a low of 0.04 typhoons in February to a high
of 3 4 m August. ' o | |

Oceamc Temperature and Salinity Profiles

Temperatures at the proposed OTEC site appear to follow a well deflned

profile typlcal in the Western Pacific, i.e., a warm, well rmxed surface layer

of nearly - constant temperature, a thermocline reg1on where temperature

declines w1th increasing depth and a deep cold layer (F1gure 12). The
depth at Wthh these regions or zones occur vary on a global scale with
latitude and season. At lower latitudes (0°-15° northl -or south) the
thermocline depth begins much shallower than that founcl;iath mid-latitudes:
usually related to frequency of storm activity. Typ1cally, the lack of storm
activity and lower air temperatures in spring result in a shallow, highly
angular thermoclme. Increased air temperatures and more frequent storms
in late summer and fall tend to create a deeper mixed layer thus increasing
the thermocline depth and smoothing the shape of the profile.

Water temperature was measured at the surface an(l four depths as

follows (229, 305, 381 and 457 m) (Figure 13). Temperature decreased from
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28.4° C (83.1° F) at the surface to 22.5° C (72.5°fF) af 229 m (Table 5,
Appendix A). Between 229 m and 457 m the temperéture deqreased to 7.4°C
(45.3° F). Although we did not actually measure the temperature between
457 and 550 m we did extrapolate the tempera:tlures based on similar
observations in the region. The temperatures at 5:525 and 550 m were
extrapolated to be 6.4° C (43.5° F) and 4.4° C (39.9° F) respectively.

‘Salinit.y is the most frequently measured chemicail. i)arameter in seawater.
It is the single measurable parameter which can be 1:'1lsed in conjunction with
temperature and pressure to calculate other 'propg;ties .of seawater, e.g.
density. A change of 1 percent in salinity has al rﬁuch llarger effect on
density than a 1°C change in temperature. A Howeverf the iwide-:r range in
temperature variation dominates th_e density profile.

The salinity profile off the proposed OTEC sité is similAax.' in shape to
that shown 1n Lassuy (1979) and correspdnds. well with Williams:(1962) and
Gregg .(1973) for the Mid-Pacific region. Craig, S’E al. (19771) reported
averagé -surface salinities of 34.5 percent and a Ar:naximum o.f 34.9-35.1
: perceﬁt'rbetween 150 and 200 m (492-656 ft)b for ocean "water hear Guam.
These coincide with observed wvalues at similar depth§ of the Bahia Laulau
OTEC.si.te (Table 5, Appendix A)., There appears to Se a salinity inversion
between the surface and 300 m (1,000 ft}). This inversion is ty};iééal and has
been reported in nearshore Watersl surrounding Guam -and othe.r.: islands of
the Marianas archipelago (Lassuy, 1979). |

Bottom Profile

~Figure 13 identifies the site where bathymetric studies took place.
Figure 14 illustrates the profile and degree of slope. It is evident. from this
profile that the slope is extreme (¥ = 45%) from the surface to a depth of

approximately 550 m (1,800 ft) only 1.1 km (0.7 miles) offshore. From this
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depth, the slope smooths out gradually to 15 percent at a‘depth of approxi-
r;lately 700 m (2,400 ft) 1.8 km (1.1 miles) offshore aiong the profile.
Although bathymetric studies were not condu:_(_;:ted in other areas of
" Bahia Laulau, examination of hydrogr_aphic charts:-: iindicates that the 100
fathom contour (600 ft) runs closest to shore (0.5 kfm, 1,584 ft) along the
Hagman peninsula. This contour runs nearly as closé‘lto the shore along the
northwestern> coast of Naftan Point, the southern ebxt'reme of Bahia Laulau.
The 100 and 20 fathom contour lines are fairly unifo::fm in terms of distance
from shore. With the exception of Hagman and Naftan Points, bathymetric
profiles within central Bahia Laulau are more graduai with less degree of

slope, and shallower further offshore. Ohce offshore, depth increases

drastically in the direction of the Marianas Trench. Having adequate depths

. so close to shore at Hagman Point suggests a significant resource in terms of

OTEC development and energy production. '

. Current Patterns

Thé‘. currents in Bahia Laulau are not well kn'c;wn. Hisf_orically, no
Epreviéu.s. work has been done anywhere ;1n the Bay regax;;ling water
" movement. Fishermen who fish along the cliffs or 100-fathom gpntour from
station la to the northeastern tip of Bahia Laulau (Punt-a’_n Hagman)
frequently report the current running along the c;)ntour t:oz' the east,
opposite in direction to prevailing. wind and surface ;Naves. It has been
postulated that an overall circular current pattern may exist in iSiahia Laulau
with large volumes of water entering the southern portion of tlﬁé.Bay then
traveling along thel inside contours wuntil it exits at the n(;rtheastern
opening (Figure 15): The following are results frorr:l current studies in

Bahia Laulau.
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Results

Offshore

A. November 1982, February 1983, May 1983 and Septemher<1l‘1‘?83

Th‘e_;results of the offshore current studies conductea Neveq;ber 5 -6,
1982, February 9, May 10 - 11 and‘ Septerhb_er 29-30, 19}83.5'#';3 shown in
Figures 16 a,b,c,d. Extremely strong winds and- heavy.-sees: restricted
drogue piacement in the vicinity of Sites 1, la, and 2 durmgl No;\rember, but
drogue releases were completed at all sites in. Februarsr, May 'and September
1983. In addltlen, a mid-bay release was conducted dunng the May survey

Although current patterns were not clearly estabhshed by this survey,

some general trends have been noted. It seems hkely .‘thafc-the ma]orlty of .

the wat_‘_er:v enters Bahia Laulau from the northeast (pfe\.raili.né v{ihd direction)
and SPiit; apert at Dandan Point at the southern éai_-t ef:g'the' bay. This
would fo.rrin‘ a rather consistent and strong clockwise w:ai_ter;pt‘attern within the
center of hahia Laulau. The leading edge‘of this w-'aLt'er'Enii‘a.s-‘s likely moves
.elong or.'..h‘_ear'the 100 fathom (600 ft) contour even{ually A‘:e‘merging in the
northern va:la'rt of the bay at Puntan Hagman. Here ‘it ?wov.’:'ilzd‘ enter deeper
water and/it%r merge with the overall water mass mowrzin:gb >t10‘ the southwest
(Figure 15).:'

Near- shore water circulation patterns of Bah1a Laulau inside the 100
fathom (600 ft) contour are much more complex and seasonally variable.
They are influenced more by the prevailing winds and seas “and preliminary
data suggest they may run counter to the deeper wateli circulation by
following the shoreline. Several small eddies may also form in more enclosed
areas such as the cove-like embayments found at Sites 2 and 3. Most of the

drogues that were released close to shore traveled along the shore or
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towards shore in a general south to southwest direction. A generalized
rr.lodel of currents in Bahia. Laulau is shown in Figure_ZIS.

Inshore |

The inshore (reef-flat) current patterns are ;t:'y_pical of any reef flat
that is influenced by winds and tidal changes. ESince depth of water
covering the reef-flat areas varies from almost zero at véry low tides to as
much as one meter or more at high tide, the prevailihg winds usually dictate
the direction and velocity of the water movement. 'i‘he majority of the dye
releases at Sites 2 and 3 resulted in movement 'parallgl to the shoreline, with
the general water movement to the west at Site 2 and to the south or
southeast at Site 3. During incoming (ﬂood') or outgoing (ebb) tides, the
waterv ‘tends to move towards a channel, cut or low area in the reef flat
where the majority of the water mass is entering or'léaving the reef. This
strong tidal ﬁow usually overpowers the w'ind;driven' water movement unless
they happen to be in similar directions. This is partitﬁlarly eviéent at Site

2 where the cut in the reef accounts for much of the water flow ihto and out

': of the reef flat. S

Water movement was generally faster during perioas of hig‘:h_ tides than
low. ‘Tl.'le rate of water movement ranged from 0.1 m/sec (0.19::_ kn)'to 0.35
m/sec (0.68 kn), with a mean of 0.13 m/sec (0.25 kn). ;'. ‘

During low tides, slack water .(no tidal mov_ement) ;>r light 'tx.%ade winds,
water movement along the reef flats was generally slower. At ".‘ti:imes, there
was little: or no water movement due to light winds and/or minir'i;na;l. drainage
of the reef flat during low tides. When dye was released du;fing these
conditions it would e;,ither move very slowly or eddy in a circﬁlér pattern
showing very little if any along shore movement. Water movemént at low
tides and light wind cqnditions ranged from no movement to 0.12 m)sec (0.23

kn), with a mean of 0.07 m/sec (0.13 kn).
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Direction of water movement at Site 2 averaged_l'265° (westerly
movement), with the majorit}t of the dye releases traveling :pa.irallel to the
shoreline. The only exception to this general pattern wasv when a dye
release was close to the cut (boat channel) in. the reef dur_ing:an outgoing
tide. Water movement at these times' was towards the cut'_; but :only if the
dye release was very close (a few meters) to the channel i

Dye release stud.les at Site 3 also showed strong along shore movement
with an- average direction of movement at 170°, almost due south | More
eddymg was observed at this site, especially in dye release.s that were

located midway between the shore and the reef crest and durmg perlods of

low tldes. This was probably due to Site 3 being both shallower and wider

than the reef flat at Site 2.

Water Quality .

Revie\;v of literature indicates that very little chenllcal.b\;&?ater quality data
exists frotn Bahia Laulau. Simple physical water quahty narameters such as
'temperattlre have been evaluated in this report and sal1n1ty is the only
chemical parameter examined in this study. Early d1scussmns with the
CNMI Department of Environmental Quality resulted in the expanswn of their
water quahty monitoring program to include approxunately 10 stations in
Bahia Laulau ‘This program began in January 1983 by examlnlng marine
waters in Bahia Laulau for total and fecal coliform bacteria.

Marine waters were sampled in Bahia Laulau for fecal coliform on

February' 16, 1983. Ten (10) stations were monitored from the south end

near the qoarry below the runway and north to the extent of wvehicle

passage (Figure 13)., The following are results from this initial survey.
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LOCATION TOTAL COLIFORM. ~ FECAL COLIFORM

South end of Laulau Bay (Unai Tuturan) 10 | 0
" 61 m (200 ft) North of (Unai Tuturan) 32 , 0
61 m (200 ft) North of #2 near ditch 18 " 10
Farm Area 6 v 0

30 m (100 ft) South of cave near

center of Bay 12 | o 2

91 m (300 ft) South of old Laulau Lounge 15 ‘ 2
30 m (100 ft) South of old Laulau Lounge 24 | : 4
Adjacent to old Laulau Lounge 30 20
30 m (100 ft) North of old Laulau Lounge TNTC_ : ‘; ; 66
. 61 m (200 ft) North of old Laulau Lounge TNTC - . . 17

NOTE: TNTC = Too numerous to count

Réfer to Figure 13 for location of sampling sites.

Total and fecal coliforms are counted as a nurﬁbef per 100;.'ml of water
collected. Normally, in high quality water, coliform cé)unt is e.:_x'.tremely low
since these bacteria are an indication of unsanita.;_:y conditibns. The
preceeding table indicates that maﬁne waters from thé rnajorit'):r .:;of stations
sampled are clean.. Stations near the northern sector of Ee;hia Laulau
suggest pqlluted conditions which can be traced to a farm locaittia'd nearby.
Most likeiy., farm animal wastes are being washed down to the 'lbay where
total coliform counts "', are too numerous to count and fecal colifo'::;m counts

increase radically over other stations sampled.
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DISCUSSION AND CONCLUSIONS

' As one would expect, weather conditions in thé Bahia Laulau area are
consistent with prevailing conditions of the 's_fouth—central Marianas.
~ Although no actual temperatures were taken in the if:‘lahia Laulau area, it is
tropical with a uniformally warm climate and a fhigh average relative
humidity. A recent 10 year rainfall average at the_fCoasf Guard Station in
San Antonio measured 76.6 inches annually. Winds in the Bahia Laulau area
follow the prevailing east-northeast direction at an a\'riérage 10 - 12 kn (8.7 -
10 mph) during the period November to April. :Wind direction remains
easterly to northeasterly during the summer monthé; May - October, but

drops considerably to an average 6 kn (5 rnbh). Tropical storms generated

" in the Western Pacific typhoon belt have a strong possibility of. passing near

Saipan. In the ﬁicinity, these storms move from the'_s'outheasfc to the north-
west. Bahia :Laulau is directly exposed to i:)owerful typhoon generated winds
and waves. Evidence of these previous storms can ..l;e seen .w:here heavy
: boulder.s:',' mooring buoys and other debris have b_eer; thrown up on high
: groun.d.’.l | T

Bahia Laulau is a deep bay approximately 731 m (2,400 ft) gmidway on a
line betheen Hagman and Dandan Points, Deeper aepths gkist further
offshore in the direction of the Marianas Trench. The:se depthé so close to
shore represent a significant resoﬁrce in terms of O’i’EC devé_léprnent and
energy production. .

Offshqre oceanic temperature follows a well-defined profile t&éical of the
Western éaciﬁc, i.e., a warm well mixed surface layer of nearlsz constant
temperature (28.4° C, 83.4° F), a deep thermocline region (1502- 229 m)
(500 - 1757 ‘ft) of decreasing temperatures (22.5° - 7.4° C) (72.5° ’—_ 45,3°F)
and a deep (525 =550 m) (1,700 -1,800 ft) layer (6.4° - 4.4° C)' (43.6° -

39.9° F). These depths and corresponding temperatures represent one of
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the most significant temperature differentials in the world c‘_l.c.xs‘e' to shore and
suggest - a strong possibilit‘y for OTEC development atb'-'liea.’stl:; from the
perspective of physical paramaters alone. | '

Currents offshore of the 100 fathom contéur (600 ft‘) :folllqwj‘an overall
circulaj' pattern with water entering. the bé}? from the ﬁor{l’%é%st splitting
apart at Dandan Point. Water entering the bay fp;‘ms ia?fc:jérésistent and
strong clockwise pattern within the center éf Bahia?L:a\ulaﬁ;;f gThe leading
edge of .the water mass moves along or near the 100 fagth_;:)rjn.' contour err;erging
with oc_'ie‘anicl'wz«flter at Hagman Point, Inside the 100‘fzt1fhd%r.nzivcf_o1;1‘:t§our c1§1rrents
are mox.-e‘- complex and seasonally variable influenced more by j’the préyailing
wind and séés. Studies indicate that this currenlt"'ru:nsé:frc;unter :to the .
prévailiflg.cléckwise outer current following :the shofeiiné aéril‘dlc.reating small
eddies Lhe‘irie aind there. Currents inside the reef ﬂé,-t‘: a'_ré rf::r.nainily influenced

by surface winds, tidal movements and water depth} ' Water movement is

almost alvx%a:.ys parallel to shore except where incluenced by ,Té;c'hannel, cut or

low area.i

Wateri ::._quélity in the bay appears to be excellent overall except where
localized ;;éllution exists. Only total and fecal coli'for:m,l;"; :ari indicator of
animal Wastés, have been evaluated nearshore. Other comr::"{Qn_water quality
parameters" arell to be initiated in the area by th¢ CNMi Department of

Environmental Quality.
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TERRESTRIAL FLORA AND FAUNA

FLORA

INTRODUCTION

Pxfic;r to .this study very little, if ianfy, scientific:".,.w:():r;k: had been
undertak_en on the identification of flora in thze Bahi? fLauléufa?eﬁa. In fact,
very little botanical data had been collected frém all of; S:ai_par:it untll recently.
Major \.;v:(.)rks such as Fosberg (1960) and S'to'ne (19702)_ dealtprlmanly with
Guam, :a(lthoi;gix mention is made in each.c;f thes;e:fv}o;fléjs regardlng the
generalz \.regetation of the Marianas. Recently; howefvv‘veif,: ateam of bétanists
from th»e‘;U.S.:‘. Forest Service along with Margie Falalfir;lw ;h;\‘/,ei_been rﬁapping
‘che~ vegéﬁation of Saipan. E

Bah1a Léulau is a highly diverse region of Salpan ;in terms of
vegetatiéﬁ; \;Vithin the bay can be found nearly Iev_:ei.ry type of vegetative

cover existing in Saipan from savanna grasslands, to .the unique beach

strand and into the climax limestone forest. Because-of th'e‘_a . B‘ay's southeast

exposur’e,ziportions of the bay (Hagman and Dandan ;Poi;nts_}- %af;d portions of
the coastlilzi:e out to these points) are depauperate ‘an('i.lr_aac;lo_rly vegetated.
Only the mc;st tolerant forms of vegetation florish here. -

It is évident that the composition of vegetation on largé: ‘parcels of land,
particularly on the Hagman and 'Dandan promontories, ﬂasq been totally
modified from the original or climax stage of developmént. ‘This is true for
much of Saipan a;nd is the result of wartime activities. Bothb the Haéman and
Dandan prorﬁontories were sites of military air installations which required
extensive clearing operations. Bombing and subsequent burning in these
areas have left scars on the vegetation that may never allo§v it to return to
its natural climax state. Relics of ancient Chamorro villages and farms in

the Laulau area also indicate the. drastic modification of vegetative cover
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from primary to secondary in nature. In spite of the scars left by historic
a;nd wartime activities, the area is highly diverse.:and represents a truly
tropical setting.
" METHODS =

Maps, aerial photographs, photography by bbaﬁt and from prominent
vistas provided information on the general type of plant community and
where transects should be located. |

Four (4) study area were established in the Evic:'lni‘cy of each project
site (Figure 13). Transects within study areas were chosen so as to
represent a cross-section of the flora in the vicinity .of each site. Transects

at each site represented the same area covered and the sampling period was

similar at each site. Species lists and counts were made during transect

walks within: study areas. Sampling occured on four field. visits (11/82,
2/83, 5/83 ax;d 9/83) and each site was evaluated twi'ce-? Relative abundance
was calculated for each species as an indicator of its’ in compo"sition. The
follow1ng categories were used: |

ABUNDANT - Indicates the number of 1nd1v1duals of that spec1es is
greater than 500 .

COMMON ~ Indicates the number of individuals of that spec1es is
greater than 100 but less than 500 '

SELDOM - Indicates that the number of individuals of that spec1es is
greater than 10 but less than 100

RARE - Indicates that the number of individuals of that spec1es is
less than 10 _

This method does not provide statistical data like quadrats or
nearest-neighbor programs would. Nonetheless, these relative walues are

more than purely subjective since they are based on actual counts. .
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RESULTS

Site 1

Flora at Site 1 is comprised mostly of low scrub foz"m's'.dofninated by

Leucaenaéleucocephala (tangantangan) and Miscé{nthus floridulus '(s_’wordgrass)

(Neti).” Other common forms in the vicinityf are a variety of " shrub like

plants,:%small trees or vines, i.e. Colubrina asiatica J(Gés‘o_'so), Bikkia

mariannensis (Gausali), Cassytha filiformis (Mayagas),} Clerodendrum inerme

(Ladugao), Myrtella bennigseniana., Common weeds, grasses and’ ferns

include:! Bidens pilosa (beggar's tick), Dimeria chlofidif:ormiéfg(grasé) and

Dicranopteris' linearis (savannah fern) (Mana). Afew larger trees are

scattered abéut but considered rare in the vicinity Of.Site l. - Usually these -

trees afe"_ clumped together in one area and include the fo}ld'wing: Casuarina

eguisefifc@ﬁa (ironwood) (Gago), Pandanus fragraﬁé_.(K;fﬁ) 'and Pandanus
dubius- (ﬁandanus) (Pahong). S

En\;_'iir:‘onm;entaI pressure at Site 1 is intense due’ to }iu:a‘:'avy and constant
winds and waves causing the air to be filled wit:h salt épray. These
conditi_dhséil:)eat down the flora considerably and only themost :resilient plants

flourish here. This accounts for the low profile of v_é'gefatian at this site.

Sites 2 and' 3

Fléra: at Sites 2 and 3 is quite similar and for ,this; reason they are
discussed together. Flora foundb at Sites 2 and-‘ 3 canz~ _b;e typified as
associates of the limestone or modified-limestone forest.' ‘The limestone
forest on eithe:l' side of the access road is typical of the central valley
portion of 'Bahia Laulau. Limestone forests are dense and variety is
extreme. It is difficult to identify a particular form as dorginant; however,
numerous forms are common. In addition, this limestone fofest is considered
modified in the vicinity of the road and along the beach strand since these
are transition zones, either man-made or natural, in the succession of the

forest.
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Low limestone areas called terraces typify the central coastline of Bahia

Laulau. Harsh conditions prevail due to high evaporation rate, rapid water

drainage and exposure to salt spray. Pemphis acidula (Nigas) is abundant

' nearest the ocean. This is followed by Scaevola-itaccada (Nanaso) and

Messerschmidia argentea (Hunig) a small tree. Awa;iy from the water are

found Pandanus sp., Hibiscus tiliaceus (Hibiscus)ﬁ' (Pago) and Ochrosia

mariannensis (Langiti)’. Bikkia mariannensis (Gauéaii) is a common form
found on steep cliffs.
Further back in the limestone forest we fihd larger trees comprising the

upper story of the forest. These forms include Artocarpus sp.

(breadfruit) (Dugdug), Ficus prolixa (baﬁyan) (Nana), Cocos nucifera

(coconut) (Niyog), Ochrosia mariannensis (Langiti) and Mammea odorata

(Chopak). Various smaller forms, either lianas, epip_h.ytesA or weeds make up
most of. the ﬁnderstory vegetation. These include the following: Leucaena

leucocephala and L. gaumense (tangantangan), Hibiscus tiliaceus (Hibiscus)

(Pago),:zPluchea indica, Neisosperma oppositifolia (Fago), Cycas circinalis

(cycad) (Fadang), Davallia solida (fern) (Pugua Machena), Caesaipinia major

(Ife), Piper guahamense (wild piper) (Pupula-ﬂ—Aniti), - Phymatodes

scoloEendria (kahlao), Morinda citrifolia (Indian - mulberrj) (Lada),

Psychotria mariana (Aplokatina), Triphasia trifolia (lime‘berry) (Léinon—China)

and Cestrum diurnum (China inkberry) (Tintan-China).

Sites 2 and 3 also include a ravine community dissectinegzthe upper
savanna forming valleys and gullies in which water and moisture accumulates.

Although the flora varies slightly, one always finds Hibiscus tiliaceus

(hibjscus) (Pago), 'Cycas circinalis (cycad) (Fadang), Areca cathecu

(betel-nut palm) (Pugua Machena), Ficus prolixa (banyan) (Nana), several

lianas and numerous epiphytes such as ferns.
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Beach Strand

Since these islands are small, nearly all :vegetation can be Ifconsidered
"strand vegetation." However, in the context:’:"of this repnrf 'it: ls taken to
mean those plants most often found growing 1n the immediat’e'.vi_cignity of the
sea. Wlilth very few exceptions, plan’ts growin;é on the strend can be found
elsewhere on Saipan. However, not as a doniinaht forrn like onthe strand.

W1th1n central Bahia Laulau, as in mostiétrand eommuniriee, numerous
trees grow close to the sea and provide deep shade Where mosses, ferns,

lianas and eplphytes of many Kinds abound. Some of these larger trees

1nc1ude ‘_ thel following: Casuarina equlse’nfoha (1ronwood) (-Gago),

Messerschrmd]a argentea (Hunlg), Hernandia nymphaelfoha (Nonak) Cassztha :

f111form1s (Mayagas), Thespesia populnea (Banalo) Vandv, Cocos nucifera

(coconut) (Niyog). Smaller forms of vegetation Can be .flound in the
understory shaded by the larger trees or growmg out in the open along the

beach. Understory shrubs and bushes include the followmg Scaevola

‘taccada (Nanaso), Pluchea indica, Desmodium umbellatum; (Palaga Hilitai),

Sophora vv_tomentosa, Colubrina asiatica (Gasoso), Bikkia mariannensis

(Gausali),;:."; Allophylus timorensis (Nger), Triphasia trifelia (limeberry)

(Lemon China) and Cestrum diurnum (china inkberry) (Tinfe'n—China). A

few plants:obviously more salt tolerant than others grow ou.ﬁ along the beach
as vines and creep toward the water. These include the foilov&ing: Ipomoea

pes-caprae (beach morning glory) (Alalag-Tasi), Wedelia biflora (beach

sunflower), Vigna marina (Akangkang Manulasa), Clerodendrum inerme

(lodugao) and Abrus precatorius (coral bean) (Kolales). Where rocky

outcrops exist (Sites 2 and 3) or where rugged uplifted limestone forms a
border between the ocean and the inner coast, very few plants are found.

Environmental conditions are extremely harsh here. In these strand areas
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Pemphis acidula (Nigas) provides a thick cover along a narrow band near the

shore. Along the highly exposed shore this plant is scrub-like and bent
shoreward with gnarled trunks and twisted roots ‘solidly embeded in the

limestone.

Site 4

Flora at Site 4 is dominated by a thick cover of Leucaena leucocephala
(tangantangan). Also found in this section of Bahia Laulau is the local

tangantangan Leucaena insularum var. guamense. Associated with the thick

cover of tangantangan can be found various weeds, grasses and vines i.e.

Bidens pilosa (beggar's tick), Stachytarpheta indical(false verbena), Mucuna

gigantea (small seabean) (Gayidikike) and Clerodendrum inerme (Lodugao).

Pemphis acidula (Nigas) also provides a thick cover along the coastline here.’

A few small shrubs stand out here and there but not in great numbers.

These inclucie: Colubrina asiatica (Gasoso), Bikkia mariannensis (Gausali),

Triphasia trifolia (limeberry) (Lemon-China), Cestrum diurnum (China

inkberi':y;_) (Tinta'n-China) and the small fern Dicranopteris linearis

(Savénpéh fern) (Mana). ' -

A complete checklist of flora by site is given in 'i‘able 6 (:Aiapendix A).
DISCUSSION AND CONCLUSIONS o -

Diversity and species composition of flora at sites two an:'_d three are
quite similar, this being the only fnajor similarity between the quz'}r sites. A
very well defined limestone forest covers the maj.ority of centraléE;ahia Laulau
and comprises the majority of species found at these two sites.

Eac>h‘of the other two sites (one and four) are unique in terms of
species composition but diversity is low compared with the sites: in cenjcral
Bahia Lauiau. Comparatively speaking, sites one and four are <:_1:epauperate

as a result of intense environmental pressures i.e. high winds and surf, salt
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air and rugged terrain. Sites two and three are prc;tc:acte'd from harsh
environmental pressures which seems to allow.for greater diVersii:y. Table 6
(Appeﬁdix A) is a checklist of flora fr‘om Bahia Laulau. ’lSc_i'ent.if:ic names are
given 1n each case with associated commojr::a and Cha;mdlqro‘_ lﬁames where
appropriate. | |

On the whole, the flora of Bahia La\;ﬂau can. be _:chafeg;:terized as a
highly diverse botanical community having: lush 1ir:ne:ston'é," ;f:c;rests, upland
savannah grasslands and low scrub rocky: cliffs w1thmod.1f1cat10ns where
human': act:ivi:ties existed or now exist. Mé;jor modi‘fic::a{‘gi;o;msjf;are e\frident at

Dandan and Hagman Points where wartime activities e_xils{ed'. ?
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FAUNA

INTRODUCTION

The fauna of Saipan has not been well:: defined, part"i‘cdlarly in the
Bahia Laulau area and other areas along the east coast of,_lthf'e.;'if.sland. The
avifauna has been described by Baker (19515 and more Qeéeﬁtiy by Owen
(1977). Additional recent accounts of the av1fauna have mostly concentrated
in the lake Susupe and wetland areas of the island (Shallenberger and Ford,
1978 and Tenorm and Associates, '1979). _ E

In hls checkhst of the birds of Micronesia, Owen (1977) hsts a total of
91 spec1es reported for the Marianas. These mclude res1dents, rmgrants, ‘
vagrants and introduced species and take into account’ all rehable records
known for the area up to 1977. This compares with hlS 11st1ng‘ of 191 spec1es '
reported for all of Micronesia. |

Alf;hough no overall or island-wide etudy has’ 1:oe':enr published on

'Saipan’s Ej‘b_i.>rds., the wetland regions, especially the 1ake‘ Sﬁéﬁpe area, have

been fair__ly;'r:':weil documented. Shallenberger and Ford (1978) recorded a total

of 30 speoies of birds within the lake Susupe area. These included
migratory Q.aterbirds, seabirds, marsh associated speciee as well as several
birds co.mm.only:found in the limestone forest areas of Sa‘ipan';."

In an- ornithological survey of the wetlands o}f Saipanv (Tenorio and
Associates, 1979), the investigators observed a total ofl 28 species of birds in
the seven study (sites, with the lake Susupe site being the most diverse with
19 species. .'This.- report described Saipan's overall bird population as stable
and in good condition in terms of species diversity, geographic distribution
and general population levels. Tenorio and Asso. (1979) observed a total of

three species that were currently on the endangered species list. These
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included the Marianas Mallard (Anas oustaleti), Nightingale Reed-warbler

(Acrocephalus luscinia) and the Micronesian Megapode (Megapodius

laperouse).

Eighteen genera of terrestrial reptiles are ‘known from Micronesia
(Brown, 1956), with the greatest variety being in the‘j_‘ skink (Scincidae) and
gecko (Geckonidae) families. The most common sicink is a small brown
species (Emoia sp) and this was observed at all sites.” Other common skinks

are the blue-tailed variety (Emoia cyanura) and a lafger, green-tailed skink

(Lamprolepis smaragdina). A few Anole (Anolis carolinensis) were observed.

Three species of rats and one species of mouse are known from the

Mariana Islands, and all are widely distributed throughout the islands. The

Norway rat (Rattus norvegicus) is found mostly in urban areas of the

islands, but .may be present in the limestone forest areas of Bahia Laulau.
METHODS |

The fauna 6f Bahia Laulau was sampled along the 'shoreline,:' along four
transect%l perpendicular to the beach into the forested :areas of ééch site and
. from bve_l";icles along the access road. Sampling was conducted-_;during the
" early morning (sunrise to one hour after sunrise), daytime and early
evenin‘g. (one hour before and until sunset). This vs,iould insﬁi"e that the
time of greatest activity for all animals, particulariy birds.'v,é' would be
observed and sampled. All transécts were sampled tﬁree timés,i November
1982, February 1983 and September 1983, The transects sampled are the same
as those used for the flora investigations (Figure 13). .

~ Al animals were censused by naked eye sightings and a checklist of all
species was made. W.alks were made along the transectAat a reasbl:}ably slow
pace.‘ Rocks were turned over and tracks were noted for signs ;;f animals
not usually seen. In the case of birds, binoculars were used vto verify

sightings along with audible calls to identify those not actually seen,
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Frequently, in the dense vegetation, it is impossible to__s_ée ‘many animals
particularly birds, However; approximate ndmbers can 'be': estimated by
auditory‘ means. DBecause of the adequate numlf)l’ers of birds o‘dser\:zed at each
site, relative abundances were used in conJunctlon w1th the checklist.
Calculating densities and actual abundances statxstlcally would have required
more transects and replicate counts, neither of whxch were pract1ca1 for the
scope ef work. In addition, many b1rds in the trop1cs are dlfflcu.lt to
quant1fy due to their secret1ve behavior, low numbers: and habltat preference
(dense yegetattve cover). For a measure of relattve abuinda.n;ce of :blrds,
four categories were used: | . .

(A) .Abu'.tldant- The species was noted in numbere areeter than 20

(C) Comrnon =~ The species was noted between 10 and 20 tlmes

(O) Occasmnal - The species was noted between 3 and 9 times

(R) 'Rare - The species was noted 1 to 2 times |

In addltlon, based on habitat and birds previousiy " feéerded from the

Mananas, a species was noted as expected (E) to occur 1n the area if it was

not actually observed or heard but was thought hkely to occur if more
intensive samphng were done.
RESULTS
Avifauna

Table ‘7 (Appendix A) includes a checklist of all dpeeies of birds
observed or heard at all study sites including the eccess' road that runs
along Bahia Lauleu and includes species that were not obserw/:ed or heard but
that could reasonably be expected to be found at the sites. The avifauna
was surveyed from the beach and shore area landward to the more densely
vegetated forest area. All sites were surveyed a minirnutﬁ of four times,

including early morning, midday and late afternoon times.
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The total number of species actually observed at all sites was 29, with
a total of 34 species observed and expected to occu:r in the bay area, Al
sites were similar in total number of species observé}i with the exception of
- Site 4, where only 13 .species were observed. This 1s not unusual since Site
4 respresents the smallest site area and contained re?latively few shorebirds
since the beach and reef flat areas were also qui_fé small and limited in
space. Vegetation is also less diverse at Site 4 accoimﬁng for fewer species
of birds. The low-profile vegetation at Site 1 1ii<‘e1y accounted for the
second-lowest number of species being sighted there (17 species).

The most abundant bird species encountered at the four sites include

the Fantail (Chichirika), White-eye (Nossak), Philippine Turtle-dove

(Palufnan senesa), Eurasian Tree Sparrow (Gaga Pale') and Noddy Tern

(Fahang). Species that could be considered common for the bay area include
the Yellow | Bittern (Kakkag), Collared Kingfisher (Sihig)_, Cardinal
Honeyeater (Egigi), Golden Plover (Dulili), Starling. (Sali), . \iNhite Tern
(Chung.e_l)' and the Reef Heron (Chuchuko). v '

. Reptiles and Amphibians ' S

The blind snake (Typhlops braminus) has been :recorded;from Saipan
but none were seen during this survey. There are no reéords of the

Philippine rat snake (Boiga irregularis) in the Marianas, althoug}':l‘ it is very

common on Guam. In March 1983 a’ Saipan resident kilied what was believed
to be a rat snake but was later identified as a California bull ::s:rtlake. The
snake probably 'arrived aboard a ship or was transported as a pet from the
U.S. |

The largest réptile in the Marianas is the Il;dian monifor lizard

(Varanus indicus). Originally introduced by the Japanese to control rats,

the monitor lizard has spread throughout Guam and the Marianas. It reaches
a length of 5-6 feet and has had a negative impact on the native bird

population since it eats eggs and the juveniles. Chicken farmers regard the
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monitor lizard as a pest which is hunted and killed regularly if seen around
farms. ‘Three individual monitor lizards were observed in the fbrésted areas
surrounding Bahia Laulau and two more were seen on the acﬁ_:,éss. road during

the early! morning hours.

The most widespread amphibian in the Pacific Basin is t_'heﬁ giant marine

toad (Bufo marinus). These are more common arouxéd 1akes, gswamps and
marshe‘g_, but are also commonly found withivn?limeston:é forestsand in areas
of den_séé tar;gantangan growth. Their abunaance inczrea'isézé'} ‘c;i;r;maticfally as
the rair;:y sle‘as:'on arrives, which triggers their reéfbduéztiﬁefffespon;se and
providel:.s_.- staﬂding water for the tadpoles. This toad: was seen at each? of the
study siifcgs éérticularly at Sites 2 and 3 and along th'e-’acciesz's-r:oad.

Mammal_é :

Both the: '_roof rat (Rattus rattus) and the Polyneéiaﬁ raf't.:f'g(Ra"ctus exulansg)
were observed in the study area and these are the_i two. 'r'nos"'t common rats

found or_xl-.lGuaim and in the Mariana Islands. Rats can C'lil"?.:lb' and often are

seen in '.t_f'.‘ées,' especially the larger roof rat. They a;re.éof;sidered potential

predators of bird eggs and small birds, especially thoste"s'.pégies that build

their nests .on or near the ground. Mice (Mus musculus) are common around

residences in Saipan and would be expected in the lime}stone forest and
shoreline areas within the study site.

The musk shrew (Suncus murinus) was originally introduced to Guam

and has since spread to Rota, Tinian and Saipan (ShallenBerger and Ford,
1978). They liv;‘ near human habitations, in secondary grt;wth and can be
found in both swampy as well as grassy and rocky habitats. They are likely
found in the vicinity of Bahia Laulau although none were observed.

Feral dogs (Canis familiaris) and cats (Felis catus) and pigs (Sus

scrofa) are found throughout the islands although they tend to inhabit areas

bordering more densely urbanized. zones or near family dwellings and/or



84

farms. A few dogs were seen in the survey site but no cats were observed
during the study.

Habitat conditions, especially in the limestoneffforest areas of Sites 2
- and 3, are favorable for reasonable populations of lij.ziigs. Based on current
field observations and information from wildlife biolo'g:is_ts from the Division of
Fish and Wildlife and local interviews, wild pigs aregltxot present on Saipan.
They say it appears that wild pigs have been absent for many vyears.
However, it is likely that escaped or loose domestlc pigs or descendants of
domestic pigs that have interbred with the o’rigina{ wild stpck many years
ago roam the limestone forest areas of Saipan. A "rfe;W observations in the

limestoﬁe forest of Bahia Laulau (shoreward et Sites 2 .and 3) revealed holes

that were dug-up or rooted by some kind of ammal Altheugh there are

typical signs: of plgs searching for food, the holes could have been made by
anotherammal -Since no pigs were actually observed and based on the field
work by local Fish and Wildlife biologists, the pig 1s not been 1nc1uded in
5 the checkhst of fauna for the Bay. - .

The Mar1anas or Sambar deer (Cervus uni’color “mariannus) is an

mhabltant of the limestone forest regions throughout Sa1pan. 'i‘he cliff line
- areas surround.lng Bahia Laulau provide excellent hab1tat for thls animal and
signs indicative of deer and pig were observed in varloss locatlo.':n;s, although
no animals were actually seen. | | :

Possibly the only true native mammals in the Mariana Isla;n.:;ds are the

bats. The Marianas fruit bat (Pteropus mariannus) is found on Saipan in

limited nﬁfﬁbers. Populations have declined drastically end their:s:tatus is in
question. '»_JHowever, "-_it is still hunted illegzally as a source of fodd:'; since the
Guam andiiMarianas bats are considered a delicacy and are prefe.rred over
bats from other islands'such as Yap and Palau. No fruit bats were observed

around the cliffs of Bahia Laulau. However, the habitat and suitable foods
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are present there. Since bats move about from area to area, either in small
groups or larger colonies, it is reasonable to expect that fruit bats do
frequent this area from time to time. The most likely areas would be

between sites 1 and 2, along the cliffline and;inland to the‘_limes"‘tone forest.

The status and occurence of the inse-ctivorous: bat (Emballonutf'a.'ﬁ‘ éemicaudata)
is unknown on Saipan at the present time. . |
DISCUSSION AND CONCLUSIONS

In gener;l, Saipan has a relatively heai_thy bird populatmn, esipecially
in the;:_ more densely vegetate'd limestone }forestv ‘:ar:e;éxls?:"otffg the jisland.
Compaxz‘:eid itlo' Guam, Saipan avifauna is more divér_s;e and r"x‘x.(lmerou}s even
though the i"c_otal land area is smaller. This is due i_ni._ f:iar‘tc,to a :smaller‘
hur‘nan‘:'.'p;;qputlation', less developed areas (urban si:r'av:vl‘)?',.' fewer natural
predat(:_‘)ll's:" Iv (rat snakes, feral dogs and cats) and pc.)ssibll}-rf;_. ;fe\x"/er pesticides
and disée;'_sles ;vithin the environment. -

Bird'_s.'. represent the most abundant type of fauna 1n ‘the Bahia Laulau

area w1th ‘_a total of 29 species observed out of an éxpe'ct_ed-'34. All sites

were simiiér in total numbers with the exception of‘ Sité ::4._ where only 13
species wé_r}e observed. However, this site was the smélieéti in size and is
relatively d;apauperate of flora. |

At thé présent time, CNMI regulations require a huntixi"g license for the
taking of birds. The legal huntiﬁg season runs from Jul'f _1‘ through July
31, The following species may be taken: Philippine r]‘."urtlecilov:e (bag limit =

10, season limit =40); Ground Dove (bag limit = 2, season limit = 6); Fruit

Dove (bag limit = 3, season limit = 9); and the Micronesian Starling (bag

limit = 10, season limit = 40),.

The blind snake Typhlops braminus, although not seen at any of the

study sites, is expected to occur here. It has previously been recorded

from Saipan. There is no evidence that the larger Philippine Rat Snake
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(Bioga irregularus) exists in the area although it is corxjmon on Guam and
likely to be found in other islands of the southern Mérianas.

A total of five monitor lizards (Varanus indicué) was observed in the

limestone forest region of Bahia Laulau. These individuals were at least two
feet in total length but less than three feet. It Waé extremely difficult to
get near these animals as they are not accustomed to55eing around humans.

The common marine toad (Bufo marinus) was found in abundance

particularly in shaded, forested or damp areas of the bay. They were
observed at all four sites and were particularly abu‘ndant' at Sites 2 and 3.
We did not notice a large population increase during the rainfy season due to

the dryness experienced during 1983. However, populatiohs of this toad

normally increase dramatically when the rainy season arrives triggering the’

reproductive: response.

A number of mammals common in the southern Marianas were observed.

The Art'_)f):f rat (Rattus rattus) and the polynesian rat‘.(’-Rattus ex1;.11ans) were
observea on the ground and in the trees. Numé;oﬁs feralVl dogs were
'obsex;ved in the area. These animals may belbng to a land owne_x%gin the area
and it is common for them to run wild. :

Aréés surrounding the bay are open to hunting. arid it is 51i1.spected that
a reasonable amount of illegal hunting also occurs in th;a limesto;':u::e' forest and
cliffline habitats. Both deer and‘pigs may be hunteci with alll_lz"icense from
September 1 through December 31. The bag and season limit foxi' Edeer is one

(1), while‘l for pig the bag limit is two (2), with a season limit of; 51x (6).

The.:-, '-Marianas fruit bat (Pteropus mariannus) is. found on Saipan in
limited ﬁui_nbers. Afthough the population on Saipan 1s not inclt;ided in the
Federal Eﬁ@angered Species List, populations have declined dras:’:cically and
their statué is in question. It is estimated that the total pop‘ulation on

Saipan is less than 50 individuals (Division of Fish and Wildlife).
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MARINE FLORA AND FAUNA

MARINE PLANTS

INTRODUCTION

Marine pla;)ts have been studied in thé SSaipan Lagoén;' (i“i:tzgerald et
al., 1974) and (Tsuda et al., 1977 a and b). However,f 'these:s'tjil:dies did not
concerﬂ ’fhem'selves with the Bahia Laulau area. The only prev1ous work on
marine plants in the Bahia Laulau area is a very brlef mentxon by Cloud in
the M111ta_\ry Geology of Saipan. |
METHODS |

Reconnalssance dives were made at all sites ut1hzn-1g.' snorkel and/or
scuba ;equlpment during November 1982. Where' conchtlons perrmtted,
semiquanvti%t.ativbe 100 m (328 ft) transects were estabhshed perpendicular from
the shore:: ;‘(Sites 2 and 3 only). These data reﬂé'ct;céhvanges in algal
‘distributigh' (Table 8) but do not reflect percent coverior dein‘si:ty

For purposes of this study, turfs were con51dered to ‘be any marine
algae whose - growth form produced a low relief upright hab1tat. Species of
red algae, espec1ally in the orders Gelidiales, Corallinales an@-Cryptonemiales
were the ';;rincipal turf formers. Turfs provide both m'i_icrohabitats and
substrata for numerous epiphytic vplant and animal taxa, In contrast to

turfs, larger fleshy algae made up the overstory, e.g., Sargassum and
Galaxaura species.

RESULTS

During this survey sixty-nine species of marine algae representing four

divisions were recorded. One species of seagrass, Enhalus acoroides, was

also recorded. A list of the recorded taxa can be found in Table 8
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(Appendix A). Two narrow fringing reefs (Sites 2 and 3)5, one reef margin
end reef face (Site 2), three shallow submarine terreoes (Sites la, 2 and 3)
and two deeper submarine terraces (Sites 1 and 4);§vwere investigated. A
"range of habitats including sand floors, reef flat ho‘l:es, cryptic overhangs,
vertical walls and limestone terraces were present at the various sites.

Site 1. Site 1 was characterized by a scoure.d and rubble strewn
submarine topography. Only 15 species of algae were: recorded. Red algal
turfs composed chiefly of Gelidium species predornin-ated.. The blue-green

algae, Microcoleus lyngybaceus and Schizothrix’ calcicola were. also abundant.

Scattered patches of Galaxaura, Mastophora and - Neomerls species were

.. observed in crevices and overhangs. In general, th1s s1te can be described

as exfremely depauperate.

Site la.. Site la is located in a protected are‘éisurrounded by steep
limestone cliffs and narrow cut benches. This area viras very calrn and quite
%_luxuriant in marine life. A highly variable topography and rich: coral com-
E_-munlty prov1ded a variety of habitats for benthic algae. Thlrty_—seven spe-

%'c1es were recorded 14 of which were green algae. Patches of Cnlorodesmis

o f astlglata and Bryopsis pennata were particularly common. Low” relief turf
forming coralhne algae, especially Amphiroa spec1es ‘were abundant and
provided a substrate for many epiphytic red and green algal species.

Cryptic species such as Boergesema forbesii and chtyosphaerla versluysii

were common as well,

Slte 2. Site 2 consists of a narrow reef flat (approx. 150 :'rn, 482 ft

wide) cut by numerous surge channels -extending through the reef margin.
In addltlon to generaL reconnaissance dives, a perpendicular transect was set

up across the reef flat, reef margin and submarine terraces to a: depth of
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10m (33 ft). The submarine terrace transect parallelled an old p1pe1me. Calm
surf conditions permitted work on the reef margm and face,

The reef flat was divided into an inner aﬁd outer zone. ..Bec:ause of its
narrow Aw.idth and windward exposure, it did %iot exhibit ‘thle-" sh__a_i‘p zonation
patterns characteristic of wider windward flaté. The subs"'_cra‘c‘e;:j eonsisted of

scoured .‘limestone coral rubble and sand with scattered hol.é‘é;' Eénd Porites

colonies. In the inner zone, small patches of the seagrass Enhalus acoroides
were found in association with several other speci‘e's‘o.f{.vjal”gzie, nétably,

Sargaséu_m polycystum, Turbinaria ornata, Dictyota Barté,yi‘esii.% and Padina

minor. These patches varied from 1 - 3 m (3.3 - 9.8 ft) :in,',width. Scoured

and rubble-strewn surfaces had sparse turf consisting‘o’f'-CladophbrOPsis

membrana‘cea and Amphiroa fragilissima. Occasmnal clumps of Halimeda

opuntla and Mastophora rosea were noted in sandy areas. Neomeris annulata

was patchily abundant on coral rubble., Vertical- walls' 'in sand holes

contained V‘la.ddition_al species. The outer reef flat was 'cov:eréd by a more

luxuriant. . turf consisting of Amphiroa fragilissima“ ana:’_‘ ‘A. foliacea in

association’ ":with Cladophoropsis membranacea, Gelidiella acerosa, Sporolithon

Sp-, Porolithon sp., and Mastophora rosea. Five species of Caulerpa were

recorded. i’atches of Sargassum cristaefolium were also abundant in this
area., In éll, 33 species of marine benthic algae and one spze'cies of seagrass
were noted on the reef flat.

The reef face and submarine terrace habitats were chéraéterized by a
diverse assemblag‘e of algae totaling 54 observed species. Tﬁrfs, as well as
overstory sﬁe_cies were interspersed among corals. Cover ranged from
approximately 20-100 percent (or greater in selected areas), Rich turfs of

Amphiroa fragilissima, A. foliacea, Cladophoropsis membranacea, Boodlea

composita intertwined with five Caulerpa species, Tolypiocladia glomerulata,
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Leviellea jungermannioides and others were luxuriant. Large patches (1 m,

3.3 ft or more) of Halimeda opuntia and Mastophora rosea were also common.

Three species of Galaxaura were noted as were Chlorodesmis fastigata and

' Bryopsis pennata. In general, the variable terrai:rii of the site provided
numerous types of habitats for algal species in addi-tif:on to corals and other
marine organisms. |

Site 3. Site 3 éohsisted of a very narrow reef ﬂat (approx. 100 m, 328
ft wide). Large waves prevented access to the :;'eef mg_rgin and face
although these habitats are probably comparable to those studied at Site 2.

In addition to reconnaissance dives, a transect was established on the reef

©: flat. A subtidal reconnaissance dive was also made to 10 m (3'.3 ft).

Because of its narrow width and uniform ‘topogz"aphy, the reef flat did
not exhibit sharp zonations typical of more _extensi\}e reef: flats. Large
expanses of sand and coral rubble alternated with stretches ~of scoured

i.limestorié:_and Porites colonies. From 1 - 10 m (3.3 %:33 ft) seaward of the

shoreline ‘only occasional patches of Padina minor were noted. From 10 - 50
‘m (33 - 164 ft) out, patches of the fleshy brown algae Sargassum

- cristifolium, Turbinaria ornata and Padina minor were more common,

‘accounting for approximately 25 percent of the surface covezf' Jin places.

Beyond 50 m (164 ft), turf algae were dominant.. A corlht":)ination of

Cladophoropsis membranacea and Amphiroa fragilissima pfovided the substrate

for numerous epiphytic algae. The blue-green alga Schizothrix calcicola was

} ubiquitou's_,:i.: often overtopping the algal turfs and some larger spééies below.
This. pheﬂémenon is common during the winter (Nov—Jax}) when .mtinus tidés
and exposure create ."favorable conditions for opportuniétic blue-gféeens. In
the occasioﬁa] :_reef flat hole or wvertical surface of a coral head,,. Halimeda

opuntia and Mastophora rosea were common. The coralline red alga
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Sporolithon sp. was also common. Gelidiella acerosa becar;ie progressively

more . abundant on the outer reef flat, though it was~'cohsiistently less

abundant than Amphiroa fragilissima. Both are characteristic Of.:high wave
impact zones. .

The submarine terrace was acceséible only by boat. One flfé'cfonnaissance
dive was made to depths ranging from 5 - 16 m (16 - 33 ft._).-.‘: i%()zor visibility
ana heavy surge limited the investigation at this site. In .ge%;ezx:‘a;l, however,
there was eVidéﬁce that the area is seasonaliy calm. Deie'p:‘: sliju};ge ch?annels
extended for lo:ng distances creating a labryinth of vertlcal walls andj over-

hangs. Seven species of the stoloniferous green alga :Czi\.l.'lei'Ea were record-

ed, often in luxuriant carpets covering entire walls. 'Cauierpaf filicoides and

C. verticillata were especially dominant. Halimeda vevlaS(';luezii and three

species of Galaxaura were also common. Ceramium gracillium, Leveillea

jungermannioides and Tolypiocladia glomerulata were common turf forms. A

total of 45 ":species were recorded.

Site:': 4 -Site 4 consisted of a deep sloping s'ubmar.i_né terrace with
crevices,_:'cj‘_oral pillars and sand channels. One re;:or;frxai;é'énce dive was
made coveffipg depths from 10 - 20 m (33 - 66 f{ft). Cdpaitions were SO
rough that éven at 20 m (66 ft) the surge could be felt, |

The élgal .community was remarkably similar to that : seen at Site 2
though fewer species were recorded. Of particular interesti w’as the abun-

dant growth of a usually cryptic and uncommon green algal species, Rhipilia

orientalis., Throughout the dive this was the visually dominant alga. In all

28 species of algae were recorded.
DISCUSSION AND CONCLUSIONS
Each of the five sites examined in Bahia Laulau presented somewhat

different algal communities. This is largely a function of exposure to the
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fetch of the open sea and local coastal topography . (i.e., reef flats vs. cut
b'enches and cliffs). Sites 1 and 4 experience the r_x'.lo.st regular and severe
disturbances due to their direct exposure to windwa@%d ground swells. Site
" la is the most protected area and Sites 2 and 3 ia:re seasonally wvariable.,
Moreover, Sites 2 and 3 have fringing reefs, while':tfhe other sites do not.
Strictly from the marine botanical perspective, the_;:.’alga.l communities are
typical of those seen on windward exposures in the southern Marianas (cf.
Pago Bay, Guam and bays south).

With respect to reef flats, Sites 2 and 3 had ve.x':'y.nar.row reef flats and

thus did not exhibit distinct zones of seagrass ‘and the brown alga

. :. Sargassum. At Site 2 only small irregular pétches of these taxa were pre-

' sent. Consistent with the narrow reef flats were the lack of moat develop- '

*. ment and other physiographic features that result in a. more patterned ben-
thic algal corr;munitﬁ. However, the 33 and 25‘ species recorded respectively
from these sites 'indicates a moderately high diversit’y,. despite lzow percent
‘;:_'_cover (i);*:obably less than 5 percent in most places). It is impori:’%xnt to note
'i:-that éeaébnality is a critical factor in the (Iiistributi?:_on and ab:}:mdance of
2benthic '._algae on the reef flat. During the summer ;ahd fall ,?n"onths, low
tides, :d‘_elsiccation stress and exposure lead to massi:':ve die-o%is and low
percent cover. Ephemeral species can be expected fp increa::%_‘.é diversity
slightly as the winter and spring vseasons begin aloné with a‘, :concomitant
decrease in blue-green taxa. However, percent cover and overiai?l standing
- crop will increase substantially. Based on the author's expe%éénce with
similar hz&pitats on Guam, by March and algal reef flat bloom will A.alter per-

cent cover to nearly 100 percent in many areas. A green‘_'g:arpet of

Cladophoropsis species can be expected. This is a natural phenomenon and

not an indicator of pollution.
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The submarine terrace algal communities at all the study sites reflected
differences in response to various disturbance conditions.: - With ;fespect to
marine piants these are both physical and biological. Rough ‘w'ate.rf conditions
and bar_rén substrate can inhibit algal recruitn:atent and subséQuér;;t survival.
Integrally, the presence of herbivorous grazing fishes and*.eclﬁinéderms (for
which there was strong evidence, e.g., scraiae marks on rocks) may have
further lreduced the standing crop of algae présent. :Sit;e-l éﬁ(jéré’lplifiejd this
situatioh. How.ev.er, the presence of grazers can also t%riha'xih'c‘:“ev'éyléal diyiersity
and standing.cfop depending on other ecologicé_tl paramétejré.f: Mé;surerr;ent of
these factors is experimental in nature and was béyqndi’t?h_e ";scope 6f this
survey. -l;In general, however, Sites 2, 3 and 4 presént_e%i ;typically diverse
tro;;ical_"re‘ef habitats, while Site 1 presented a high distuz:"b%nce‘ area result-

ing in a depauperate seaweed community.
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PLANKTON

INTRODUCTION

Plarx_kton has only recently been sampled:l:'or studied. Withinf”the Bahia
Laulau area (Birkeland et al., 1984 in .press). fPlankton has beéi{ sampled in
other areas of the Marianas particularly Guam, Salpan and a few offshore
banks (Amesbury, 1978). Planktonic larval behav1or- and geographm
d1str1but1on of coral reef asteroids in the Indo-west Pac1f1c was studled by
Yamaguchl in 1977. The zooplankton of Tanapag Harbor ‘Was‘ analyzed as
part of the marine survey of the power barge "Impedance" (Dot;} and Marsh,
1977). '
METHODS

Two each horizontal and oblique, plankton tows were .conducted from
the M.V. Bahia Laulau on November 5, 1982. These tows were located
offshore ]ust to the north of site 2. On February 9,,:May 10-11 and
'September I’,l2_9—3'0, 1983 a series of horizontal and oblique towe ,were conducted
offshore’ a‘d .:::all four sites. Refer to Figures 16 a,b,c,d forthe location of all
the plankterx tows. Equipment consisted of a 0.5 m (1;_;6‘5 ft) diameter
plankton ne'é with a mesh size of 0.020 inch (500 microns), a‘towing bridle
and line aﬁd sampling jars., All samples were fixed in 5% buffered formalin.

Horizontal tows were run just below the surface for a total of 5 minutes
at a boat speed of four 3.5 kn (4 mph) during November 1982. Gusty winds
and moderate seae prevented a slower tow speed. Oblique tews were started
from a depth of 35 m (112 ft). For the February, May and September tows,
a slower boat speed 1.7 kn (2 mph) was possible and all tows were run for a

total of 10 minutes each.
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RESULTS AND DISCUSSION
| Results of the plankton tows completed on _November 5, 1982 and
February 9, May 10-11 and September 29-30, 1983 are shown in Tables 9-9c
" (Appendix A). x
For the plankton tows done during Novemberg,- ?.‘there was at least a
three-fold increase in the total abundance of zoopléﬁktoh collected in the
surface tows than in the oblique tows. Mysids were '1i:he predominant taxa,
representing 20 to 30 percent of the total number o:'f zooplankton collected.
All taxa except chaetognaths were more abundant at ':the sﬁrface than at the

deeper depth (3.5 m, 11.5 ft). Other predominént taxa were calanoid

.+ copepods, veliger capsules, shrimp mysis ana fish larvae. The fish larvae

. were_i)redominantly members of the following families: Apogonidae, Gobiidae ‘

- and one Sygn'_athidae larvae.

Variatior; between tows was great for veliger capsules and calanoid
copepodsi; howevér, patchiness is an intrinsic characte:z;.istic of pl‘iankton and
1t is a- E\_.:l:niversal problem in sampling methods. Tl;lei total corziiigosition of
.3 -zoop]aﬁk{On is similar to the zooplankton colleicted off 'Lumina_o Réef, Guam,

'.. another 'p‘otential OTEC site.

Fbr: .'_the eight tows conducted during Februéry: (4 sx_n{f'é,ace and 4
oblique), the predominent taxa was the class Radiolaria:'. which c.';oér-nprised 94
percent of the total plankton collec;ced (all tows). Thel class Cbéepoda was
the most diverse with 11 species. Although there were slight iin%creases in
~ total numbé_:rs of plankton and species diversity between surface .la:h.d>ob1ique
tows, théSe differences were only significant at Sites 2 and 4 Site 4
showed élrri_ost a 15-::.fold increase in total numbers for the sii_J:;'face tow
compared to the oblique tow. However, this was due almost enti.:'ely to a

great number of Radiolarians. The oblique tow, however, was more diverse
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(11 species versus 9 species). At Site 2, the most diverse .s.ite sampled, the
surface tow showed an approximate 33 percent increase in tctél ;ndmbers and
one more species than the oblique tow. | |

For the four surface and four oblique tovgls conducted ddrlng May 1983,
the predominant groups included in.vertebrat:e eggs (55.‘.5 % ‘}‘o;f the total
plankton collected), the ~class Malacostraca (fnainly shrimﬁ mys1s and crab
zoeae, 14 3 %), class Copepoda (mostly Calano1d sp., 11 7 )‘ and the class
Cladocera (Evadne sp., 10.0 %). Fish eggs comprlsed less than 1 %g;of the
total plankton collected | SREE

Spec1es d1versxty did not vary greatly between rs1tes or between surface
versus obhque tows. Site 2 had the greatest number of spec1es collected, a
total of 19 for both tows, followed by Site 1 (18), Site 4 (17) and Site 3 (15).
Site 4:‘w.as the only location where a s1gn1f1cant.d1f,ferenc_e_,1n: total species
was obta‘irled‘between the surface tow (16 species) end the oblique .tow (10

species). i Site 4 had the greatest numbe_r's of indi\.,'iduails':‘ collected with a

total of 13.‘ 903<representing 45.3 % of the total for all four -(s'ites Fish eggs

and larvae were most abundant at Site 1 where they .comprlsed 2.9 % of the
total plankton sampled. :

The predornment groups for the four surface =a1;1d_v oblique tows
conducted during September 1983 included the invertebrate eggs (35.1% of
the total), copepods (26.1%) and shrimp and crabe (3.8%). These major
groups are similar to results obtained in the previcus plankton samples,
except for the {high percentage of fish larvae and eggs. Previously, this
group normally comprised less than 1% of the total, with a high value of 2.9%
at Site 1 during May. In the September samples, fish eggs and larvae
ranged from a high of 32.9% (Site 1) to a low of 10.8% (Site 2), and reached

49,.7% for a single tow at Site 1.
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Comparison of results from other studies on pianktén around Saipan and
Guam indicate that, while overall densities are jlow in Bahia .Laulau, the
predominant groups and relative abundances é_:r_'e quite consistent with
seasonal variability. Only one other plankton sux%xfey has been conducted iﬁ

the Bahia Laulau area (Birkeland et al, 1984 in pféss) Exact locations were

not recorded but four tows were conducted in \:rarious parts of the bay.:»

However, none were done in close to the reef. Predominant groups included

invertebrate eggs, Calanoids, Chaetognaths, Eucheaia and shrimp and crab

larvae. Fish eggs and larvae varied from 0.9% to 3.2% of f:he total plankton.

This compares with results of the Laulau study except for the high values

).

o

recorded in September (X = 19.8

| ' The only other planktonic data from Saipan wéé done in ‘Tanapag Harbé)r
(Doty and: Marsh, 1977). They obtained similar results in terms of. major
groups of srganisms but as is usually the case when 'sampling in an enclosed
lagoon or. harbor, densities were higher. Relativ.e,abundancez of fish eggs

and laifvae ranged from 0.2% to 19%.

-~ On Guam, Amesbury (1978) sampled several locations along the west

coast over a one year period. He found the highest densities of fish eggs '

andnlavrivae.occured in July and August (91.1% maximum) but _';‘ivas as low as
2.7% at other times of the year. The sites with the greatest densities were
enclosed bays or areas near extensive reef and/or mangrove ?ajr'eas such as

Agana Bay, Agat Bay and Ajayan Bay (near Cocos Island).é éNo sampling

was done on the windward side of the island or offshore. ' |Randall and ‘

El_dredg:e' (1982) sampled plankton off Cabras Island, Guam és: part of an
assessmei}t for a potential OTEC f{facility. Although no sampli.n:-‘g was done
during the summer, they reported relative abundances of fish eggs and

larvae ranging from less than 1% to a high of 43.5% (March). These ranges
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are comparable to the results for Bahia Laulau and one wa'lvl‘d' suspect that
the site:rat Cabras would be more similar to- Laulau t}ha‘n.ether‘i locations
sampled around Guam and Saipan. The Cabras study also reperted high
densities.:of Radiolarians, a group which is r‘nbore commorillyib,'fouriid offshore
than in near-shore or lagoon environments. '.

Spec1es diversity in the September samples was qu1te cens1etent between
sites, .w1th 21 species at Sites 1, 2 and 3 and 18 spec1es at S1te 4 Prev1ous
samphng generally showed the lowest diversity at Sltes 1 and 4 Thls would
be expected as these two sites are closer to the pomts (easternAboundarles)
of Bahia Laulau and thus would likely contain fewer planktomc specxes than
the sites: that are closer to species-rich reef-flat areas of the Bay
CONCLUSIONS o

When a11 four plankton tows are analyzed together, S1tes 1, 3 and 4 had
the lowest mean numbers of species with 12, 11 and 12 respectwely. Site 2
had the greatest species diversity with an average of 18 spec1es per tow.
.In terms._ ,Qf total planktonic organisms per tow, Slte 4 averaged 1,506,
followed‘b;r‘a: Site 3 (1,201), Site 2 (867) and Site 1 (587-)‘.iiv'_I'hese results
generally eﬁpport what would be expected when lovokingv“at the current
patterns and lack of a reef flat area along the cliffs out to Puntan Hagman.
Sites 2, 3 and 4 (particularly Sites 2 and 3) would be expected to be rich in
plankton considering the current patterns, eddies, shallow areas and
extensive reef areas present. |

In terms of tgross impacts on the planktonic community,‘ an OTEC plant
would have the least negative impact in the area of Site 1 and would
potentially affect Site 2 the most. The impact on planktonic species would
be dependent upon the size of the mixing zone of the cold effluent, both in

terms of temperature differential (dilution) and the actual size
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(3-dimensional) of the effluent plume from the discharge point. Both surface
and subsurface currents would affect the size and shape of the mixing zone
and it is likely that mixing and dilution would be‘fmore rapid and extend

"over a larger area at Site 1 due to the strong ¢ﬁrrents and submarine

topography.
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CORALS

INTRODUCTION

Regf-building scleractinian, octocorallian;, and hydroz:dan.r :corals are
sessile invertebrates with potentially 16ng life spans and distrib;uli;i;)n patterns
that depend upon the particular environmentﬁl 'setting f.ound’ from one habitat
to another. Their stony calcium carbonate skéletons Arg ma]or o::ontributors
to both. in situ framework and detrital reef developménﬁ iih‘l‘"t'h'e::;shoalf—water
environments er that of Bahia Laulau, Characteriétié "lcjcv)raflf‘gcomm{mities
develop m response to the variable environmental cohditi:ox’isi}ffoﬁnd wit;hin an
area, ran_ging. from conditions completely unfavorable for;c;irals to oI:Jtimum
con<‘:Liti<:‘»_rl'.xsj where corals are the dominant organisms ih fh'e‘cvc:‘).mml'mity. Corals
are serisli’:t_i've lto many environmental variables; particﬁu]ariyi.iight intgansity,
suspendeci | materials in the water column, s}ediment:' accéué.‘r_nulation on the
substraté %onn which they grow, water currents and a::g_i"tation, seawater
dilution from -surface drainage and groundwater dischafgc-, temperature
ﬂuctuationéi emersion on shallow platforms during low 1':ide;si,l-predation by
other orga.:h.’i?sms and various forms of pollution from toxic‘_z éubstances like
thermal, stoi‘m drain and sewage discharges. o

Until fecenfly, the coral community of Bahia Laulau ha&‘been evaluated
from the point of view of degree of’diff.iculty in landing militiars‘r troops from
the ocean (Cloud, 1959) and a generalized concept of where coral is found
along the shoreliﬁe to the reef margin (Eldredge and Randail, 1980). Very
little was done to identify species, community structure, zonation and
distribution in these studies. Cloud (1959) did identify common named coral
types in the vicinity of selected approaches to the beach. These were

commonly referred to as "staghorn or brain coral types." Gawel (1974) and
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Gordon (1974) made preliminary surveys of corals in the ISaipan Lagoon on
ti’xe west coast of Saipan but did no work in the Bahi.afx Laulau area.

Assessment of the present coral communities::;E in Bahia Laulau will
" establish baseline data from which changes in the quality of the reef
environment can be determined or predicted. Thesé%_data will be useful in
establishing sound planning practices and managemenf;:'of these reef areas in
relatipn to future deVeIopment (OTECV or otherwise).

The principal objectives of this part of the stuciy are to determine the
distribution and community structure of corals in Bahia L:aulau from the

shoreline to 10 m (33 ft) depth along four transect locations shown in Figure

.18,

2 METHODS
The coral communities of Bahia Laulau were s:tﬁdied at five sites as
shown in Figtizrerl3. At each site, observétiohs were primarily limited to a
} 20 m ,(661 ft) wide band that extended from the shorel'mé to a ‘dep;th of 10 m
!  (33 f‘t).'::.i": High waves and rough surf conditions, tl;at persistiéd for the
duratién i_of the study period, prevented direcf observat:ion's ﬁjom i.:‘;oeing made
.: at the seéward edge of the fringing reef platform (réefis_ margin gq’ne) at Site
-4, Stroﬁg bottom surge also prevented quantitative lstu:‘_dies fro@ being made
on the submarine slope at Site 1 and on the forereef sloé)e at Sités':.‘3 and 4.
Where possible, coral communilties were quantitati;rely a.nai_y:;zed within
physiographic zones. discriminated at each site by using the poiirit—centered
~or point-quarter technique of Cottam et al. (1953). Three pl%xj'('éiographic
zones corisisting of the reef-flat platform, reef margin and forefeef slope
were diséri_x_ninated atz’; Sites 2, 3 and 4. At Site la, t.he fringirié1 reef-flat
platform aﬁg reef margin zones were very similar physiographi:g:ally and

therefore lumped together. At Site 1 only the submarine slope zone was
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distinguished since active reef development and a fringing _rveef—ﬂ_at platform
are absent. Sample areas Awere selected byj randomly toséidg _f'a hammer
within fhe 20 m (66 ft) wide band of each:physiographié .zpnle:a. At the
intersection of the hammer handle and Head a refefehce _"point was
established. Reference lines extended along the long axes of the hammer
handle ahd divided the sample area into four quadrants. Corals nearest the
sample point (]unctlon of hammer handle to “head) 1n each ciuadrant were
1dent1f1ed and the following data collected: diameter of the colony (a max1mum
length and w1dth measurement) and the distance from the’ colqny center to
the sarhple point. From this point-quarter data the. foilc;;ivir;g calcﬁ_lations
were used to estimate community structure of 'thei: %»cof;ls 1n each .
physiog%‘aphic zone. |

unit area
(mean point-to colony distance)?

Total D‘le‘ns,it’y of all Species =

N . _ individuals of a épécies
Relatlv‘:e Density - total individuals of all species X 100

Total Péfcen’t Coverage = total density of all species X average
L coverage value for all species

Percent Coverage = density of a species X average coverage
value for the species
percent coverage for a species

Relative Percent Coverage = total coverage for all species X 100

number of points where a species occurs
total number of points

Frequency =

Importance Value = relative frequency + relative density +
relative percent coverage

Density = relative dleo%sny of 2 species X total density of all species




108

Colony Size Distribution Data (n = number of daté, Y = arithmetic
mean, s = standard deviation, and w = size range) were aiso calculated from
point-quarter data. : |

The coral species encountered during the point—iéuarter analysis indicate
the predominant and common species within a zbrﬁije. The presence of
uncommon or rare species not encountered during t}.fe"-poi‘_nt—quarter analysis
was ‘determined by making 20 minute observations within a 20 m (66 ft) wide
band in each zone. In zones not analyzed by tzi-sing the point-quarter
method, species lists were compiled by fnaking' 20 minute observations within
a 20 m (66 ft) wide band. An overall list of speéiéé. is campiled for each

zone within a site from both the point-quarter and dive data in Table 10

(Appéndix A). Quantitative data from the point-quarter analysis are’

presented in:Table 11 (Appendix A). -

V,ertic.al:' profile sections shown in 'Figilre 4b indicate the zonation
- patte_rx.is;_ djécriminated, water depth, sediment distril'.b;\i.tion and ;che relative
- abundir;ée of corals for each study site. | |
-RESUALTé ’ '. -

'_ Description of Reefs and Coral Communities

Zoﬁétion 4 .

Vertical profile sections (Figure 4b, Appendix B)?that ext:'_él:i'id from the
shoreline to 10 m (33 ft) depthl indicate the- generél inshox:jez submarine
topography and physiographic zonation patterns discriminated, .\zwiater depth,
sediment. distribution and relative abundance of corals at each:', ;)f the five
study si:‘.c'e"s. Some reef zones have no corals at all, while other areas
support communities %anging from a few widely scatterea colonies 'a:‘nd species
(reef-flat ?latform at Sites 2 and 3) to regions where the 51:1:bstrate is

dominated by a relatively rich diversity of species (forereef slope zone at



109

Site 2). Although less noticeable, considerable community variation also
occurs within the same zones from one site to another (Tables 10 énd 1).

Coral Distribution

Ninéty—eight species of corals represen'c:iﬁg 34 gen‘er.la”vm./e;:'e recorded
from the five study sites along the La'ﬁlau embayrﬁevn.t:‘, (Table 10).
Considerable variation occurred in species: richness, 51ze fdistribution,
frequency of occurence, density and perc;antage of sub:s,t.i;;agte coverage
between the fi\_re sites and am.ong the wvarious éones dlscrmunated at ea?ch site
(Table.sl 10 andl 11)‘. | |
DISCUSSION AND CONCLUSIONS

One of the most noticeable aspects of the corai'_comimééhifies stu:died at .
the ﬁv.e v:_ sites in Bahia Laulau is their unequal dis'tribut:iq:r:x“ friom the inner
reef-flat :;I_)latform to the 10 m (33 ft) depth contoﬁrl ‘on 'tfle forereef slope. |

Much of the regional variation found in the community structure of corals on

the reef-flat platform zones is attributable to exposed blaffgi‘ms during low

spring tldes Corals are unable to survive long pe;‘ibg‘ls of emergence,
particulari;% when low spring tides coincide with extreme drymg effects of
the mid—dr«im{r sun, and are thus restricted to parts of th:e reef-flat platforms
that retain.water during such times. Low tide exposure 'agéounts for lower
species di§ersify, general low density and percentage of sﬁbs_trate coverage
recorded for the reef-flat platforms zones at Sites 2 and 3. The few species
of corals that \fiere recorded on these periodically exposed platform zones
were confined to small scattered holes which retain water auring low tides.
An exceptioﬁ to poor coral community development on the reef-flat platform
zones was found at Site la (53 species recorded) where the reef platform

zone remains completely submerged during low tides and at Site 4 (30
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species recorded) where an extensive reef flat depres’zsion‘ ?creates a low-tide
moat that retains up to a meter or more of water du;%in.g such times.

In contrast to poor coral community develop;_r_gnent- observed on the
"low-tide exposed reef-flat platforms at Sites 2 and 3, species richness,
density and substrate coverage increased dramétically where low-tide
exposure is not a factor in the reef margin zones at S1tes la and 2 (no reef
margin development at Site 1) and at all sites in tixé fofereef slope zones
(comparable to inner slope and submarine terrace 'z%ones-at Site 1). Low
density and substrate coverage values recorded in t}'}e reef rr}argin at Site 3

(Table 11) are thus a reflection of observations being restricted to the inner

‘ part where it grades into the exposed reef-flat platform;zone.'l.

Substrate composition is another important factor that influences

- community structure and distribution of corals. Mos;_t icorals require a hard
rocky surfacé or a relatively stable unconéolidated sﬁbstrate to settle upon
and suééessfully grow. On the intertidal reef-flat pltatf-orm zones;f at Sites 2
‘E_.,and 3-th; relatively flat reef rock pavement surface ér;aas are s.vs}';:pt free of
'-..sedime'nt_s.'.; By strong currents and storm %raves., The only ._‘:significant
:: deposits .'._ of sediment observed consisted of poorly s(?rtéd mixtur;ei's of sand,
.'-gravel.al.';a rubble in some of the larger holes, troughs Eand deprieé;:.sions. At
Sites la and 4 -the subtidal reef-flat platform sedin:_nents were similarly
restricted to holes and depressioné. Except for a fe\x; patches:_ éqf gravel,
rubble and boulders lodged in the bottom of channels and fissures,
_ sediments. Qn the wave-swept reef margin and upper forereef isl.:'c;pe zones
were abs;eht. Sediment deposits observed on the -::coral—cov;ei‘-ed lower
forereef élé?es at Sités la, 3 and 4 were restricted to fhe floors ?;»f shallow
channels and troughs that funnel sediment downward to deepel.jA :forereef

submarine terraces and slopes. The only significant sediment :deposit
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observed was at Site 2 where a broad submarine terracevi interrupts the
forereef :slope. Here extenslve patches of sand, gravel, - rubble and some
boulders are found between coral-covered krlobs, pinnacles',‘ mounds and
ridges. »,éAlthough a few coral colonies areg found on. fe1a¥;i§e1y stable
boulders,z. most of the sediment covered areas:of the submar‘ir:le:: {terrace are
unstableEandv thus free of coral growth., However, it .was .most 11kely these
small oases of coral growth on scattered boulders in 'the sedlment covered
areas of the-_terrace that were the forerunners ,of th_e_alaundanjc knobs and
pmnacles of coral growth now found there. o |
Although considerable suspended sed1ment was’ observed'ln the' water
column, .both on the shallow reef platform, reef margln and. forereef slope
zones, 1t did not appear to have much affect on the coral commumtles or
accumulate on the living coral tissues. Most hkely thls is because of strong
currents and water agitation present during per1ods of normal Northeast

Tradewmds. Suspended sediment was part1cularly not1ceab1e in the rich

coral zoﬁe:s‘ at- Site 2. Water transported onto the reef platform by waves

and swell, returns to the open sea via a shallow channel that cuts across the
reef-flat pla'{tform and reef margin zones.

Because of constant submergence and water c1rculat1on, rlormal annual
and dlurnal seawater temperature fluctuations that occur . in- the reef margin
and forereef slope zones have little or no affect on the cor_al communities
growing there. On the intertidal reef-flat platforms of‘Sites 2 and 3, and to
some extent in t}:le moat at Site 4, lethal or sublethal elevatred temperatures
may exist during‘ low spring tides when water circulation is cut off and

exposure to midday sunlight occurs.



112

Although some small streams discharge freshwater anﬂ some terrestrial
s'ediment into the reef environment along the shorelifle; it appeared to have
little effect upon adjacent coral communities., :

Since Site 1 is indicated as the preferred loé;tion for the proposed
OTEC plant a more detailed description of this region"iifs, given.

Fringing reef development is absent along the vé?a&e—aésaulted section of
the coast at Site 1. As shown in the Site 1 proﬁlé (Figure_4b) the inner
part of the submarine slope is steep which at about 5 - 8 m (16 - 26 ft)
depth grades outward into a more gentle downWard--s:lo.ping t;err'ace. Bottom
topography is irregular and humpy and cut here an(i :there By large erosion

channels and smaller grooves and fissures. The channel walls are steep to

. verti_éal, locally overhanging, scoured and undercut near the bottom. The

. channel floors show considerable evidence of scourihg. and 1n most places
along their léngt’h are strewn with large éngﬁlar blbclgs, rounded boulders
. and p.at.:cvhes of coarse sand and gravel. » .

Al‘;};%)ugh fringing reef development was not obs%rved at th1s site, a
.Z'fnoder;tei_y diverse coral community consisting:‘ of 36 séecies '(Ta%l_;'le 10) was
'.' found gifowing on nonabraided surfaces of the steepé inner _:'slilope, outer
submaﬁnle_ terrace, mounds and upper walls of channels ?and fisSu:’.r'.es. Corals
were also observed on the upper surfaces of largé staﬁle %-}.;locks and
boulders, but were generally absént on smaller ones Vthat aré ';apparently
moved about by storm waves., Except for a few small stuntéci colonies,
corals were also absent on the floors of channels and ﬁssuree% .;'a‘md other
locations 27_ where su?face abrasion by loose sedirﬁ_ents waszl. evident,
Percentage of surfacé coverage on nonscoured substl;ates at S{te 1 was
estimated té range from 10-30 percent. Predominant coral specie:::s' include

seven in the family Pocilloporidae, ten in the family Acroporidae and nine in
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the family Faviidae (Table 10). Corals from Site 1 that were_.'not_ observed at

other. sites in Bahia Laulau iﬁclude Pocillopora ankeli, Scapophylhaf cylindrica

and Stylaster profundiporus.
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MACROINVERTEBRATES

INTRODUCTION

Corllstpicuous macroinvertebrates were collected at .foor:‘ oo:astal sites
along Bahia Laulau on the east coast of Saipans. The only prev1ous study in
that area was conducted between October 1948 and July 1949 (Cloud 1959).
Cloud described the shallow-water shore areas of Bahla Laulau as "intertidal
to very shallow shore benches that are subject to nearly snmlar oondltlons of
heavy surf and to abrupt and extreme var1at1ons of t'emperoture.and sahmty
(p. 385) Cloud's Station 13a coincides quite nearly to S1te 3 of this study.
He did not cons1der the parts of the reef seaward of the reef margm. ‘
METHODS

Spec1mens were collected from five stations durmg Novembor 5, 6, and
7, 1982. Spec1mens were collected during all reconnalssance scuba dives by
all team mombors. Dr. Eldredge collected specunens' in ;tl'lo ‘intertidal and
‘reef flati': -'-,:l;rea-s. No quantitative data were attempte‘d’ Z_f;:r' conspicuous

macroinver:tébrates except for major forms like Acanthaster "‘f)lanci. To the

east and p:,xi'-.otected from the rough water Site la allowea oo(llecting on the
narrow reef flat and in the block-and-boulder intertidal zone. Specimens
were also collected here at a depth of 9 m (30 ft). At Site Z specimens were
collected on the reef flat, reef front and at a depth of 9 m (30 ft).
Similarly at Site 3, specimens were collected on the reef flat and at depths
of 9 - 18 m (30 ‘— 60 ft). Intertidal specimens were collectod at Site 4, as
well as from the reef flat and at depths of 12 -~ 15 m (40 - 50 ft).

Specimens collected are listed in Table 12 ( Appendix A).
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RESULTS
Gastropods were the most commonly collected grbup totaling 88 species.
Among these, 22 species belong the family Comdae, .ten to the Muricidae,

"nine to the Mitridae and seven to the Cypraeldae. Only two species,

Astraea rhodostoma and Vasum turbinellus were col]ectévd at all sites.
Intertidal zonation is typical of that found in .the southern Marianas.

The pulmonate Melampus flavus represents the greétést abundance in the

community. Another gastropod, Littorina coccinea is also a very high in

abundance and occurred in especially large numbefs at . Site 4. The

remaining intertidal gastropods, Littorina undulata, - Cellana radiata and N.

' plicata were found at Site 4 and at the low .headlan_ds__immed'iately south of

" Site 2, Of interest was the occurrence of the large muricid Drupa morum on

_the seaward erosion platform at Site 4 and the cone Conus planolrbis has not
yet been repSrted from Guam.

NiﬁEe species of bivalves were collected. Voucht_eri‘specimens;‘» of all the
"i'gastropc-);iis and bivalves have been deposited at the Dickinséx;u Memorial

Mollusic ﬁdolléction at the University Marine Lab‘oratory. ‘ i
:._ DISCUSSION AND CONCLUSIONS | ‘

Cloud (1959) reported ten gastropods from his Slte 13a Wthh included
three cowries. One of his spec1es names is an Ind1an Ocean forrn and is
unidentifiable. Of the six cone shells reported,. one is also umdent1f1ab1e.
All of the remaining forms and one vasid were also collected a':g‘:'.ain during
~ this study., o

_Althc;u‘gh no specimens were observed during this study, 1the spiny
lobster (Panularus %p.) and slipper lobster (Famiiy Scyllai'.i_;dae) are
important Ire'sources of Bahia Laulau. Divers regularly harvest lobs:ters from
the area, particularly at night. During appropriate tides and moorll phases,

harvesting also occurs along the extensive shallow reef-flats.
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Twelve echinoderm species were observed during the study. They are
large and readily identifiable forms. Healthy populations of Acanthaster

planci were observed at all sites. The size of each Herd ( greater than 100

‘large individuals) was unexpected but prevalent throughout Bahia Laulau

particularly in the vicinity of coral-rich Sites 2 ancf- 3. Some individuals
represented the largest individuals (50 cm, 20 in) that have been recorded
anywhere pa_rticularljr in recent years.

The significance of large populations of Acanthaster planci is evident

from previous outbreaks in the Western and South Pacific regions. Reefs in

Micronesia and Australia's Great Barrier Reef suffered extreme damage by

:A Acanthaster between the late 1960's and mid 1970's. The history and early

development of Acanthaster was studied by Cheney (1972) and Tsuda (1971 |

and 1972). _However, while these studies were going on ‘teams of divers were

waging war dn the huge populations that ;chreatened to destroy coral reefs
throughqut the Pacific Basin (Chesher, 1969) and (Yamaguchi,'l‘}?i). Marsh
"‘._and T‘sﬁczll’a (1973), and Marsh et al (1971) surveyed the Mariana é;}d Caroline
- Islands :fo determine the population levels of this particular céral killing

‘animal. -~ Randall (1973) provides the best account iof a reéf prior to

destruction by Acanthaster. By 1974 spawning and cvhvlaracteristic
aggregation of Acanthaster had been exhaustively studied (Chéﬂ_ey, 1974).
However, it was not until Birkeland's 1982 paper linking heavy riainfall after

a dry period to increased populations that an understanding wasilgained into

_ how such: large populations seem to appear overnight in areas where none

were. previously noticed.

Two foraminiferid .forms, Margonipora vertebralis and Baétﬂogypsina

sphaerulata were commonly seen in beach and reef flat sands. Both were

previously reported ‘by"C10ud4 (1959).
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The reef flats at Sites 2 and 3 were more similar to c.mef anpther than to
those a’q.Sites la and 4 ana all the intertidal zones were :similérlr to each
other. In summary, the conspicuous macfbinvertebrates_' .cs.:olllected and
observe_d§ represent a typical reef flat and er;%i)ayment area :fOII_' _;a southern
Mariana’ Zisland. With the inclusion ofl such lalj;ge numbers o'f_'A:c_;afnthaster we
can honést.ly_f sa;y that the area resembles similz;r bays and reefsm Micronesia
in the ‘_lgate 1960's to mid 1970's. This find "does not Erepr;s;ér;t a hezlthy

short-term picture for the submarine ecology of Bahia -'.L'a‘uljz'i{i.f :
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FISHES

INTRODUCTION

Previous to this work no other assessme;ril_t of fish resources in the
Bahia Laulau area had been done. Bahia Laulétu is a unique and wvaluable
asset to Saipan's recreational and subsistence f:is'hery.r. This large windward
- bay contains Aa wide range of habitats whiéh have the potential to
accommodate many important species of fish. TDespite this, and the bay's?
reputation of being a good diving and fi‘shingl spot, very little is known of
the fishes that live there. The objectives of this study were to investigate.
the species composition, distribution and general densizty of the fishes seen:
on the reef flat and shallow forereef slope. The ‘data presented‘here'
provide': baseline information on Bahia Laulau thét' will be useful in. assessing
its reef community as a whole and iI.1 gaining a better understanding of its
reef fishery potential.
METHODS

The conspicuous shallow-water fish fauna of Bahia Laulau was surveyed
between November 3-7, 1982. Reef flat reconnaissance was done with maisl_(
and snorkel and SCUBA was used to survey the forere}e';f slope. Species
checklists were compiled at five study Sites (1, la, 2,: 3 and 4). Line
transect counts of fishes were made on the reef flat anci_ ":forereef slope at
Sites 2 and 3., Fishes observed along these transects wefgé counted only- if
they were within 1 m (3 ft) of either side of the line and less than 21 m
above it. |

Rough océan conditions at Sites 1 and 4 limited the Einvestigation to

single 45-minute reconnaissance dives on the forereef slope. Site 1 fishes
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were observed to approximately 21 m (70 ft), and Site._.4 ‘species were
surveyed down to 18 m (60 ft). . '

Greater time was spent at Sites 2 and 3 since they were_tnore protected
and contained accessible reef flats. Care Was taken to sa‘mnle' fishes in
both thei.shallow and depressed areas of thegreef flat. At Slte 2, fishes
were surveyed during a 45-minute swim and counted along a 50 m (164 ft)
transect l1ne placed within a depressed area near an’ old p1pelrne. S1te 3
fishes wlere counted along a 100 m (328 ft) transect l1ne that traversed
mostly along shallow pavement. Together, these transects covered elght 10
m (33 ft) sect1ons of depressed reef flat and seven 10 m (33 ft) sectlons of
shallow pavement = |

‘ On the forereef slope at Sites 2 and 3, reconna1ssance .as well as 100 m
(328 ft) transect counts of fishes were made at 9 and 18 m (30 and 60 ft.)
These transects traversed substrate that was _un1forrnly covered with coral
and algae-éd‘ove:red.rocks at both depths at Site 3. At ‘Sit:e;lIZl,‘ however, the
'transects::.:'e;;tended across substrate that varied from extenswe sand/rubble
areas con.tamm.g isolated rocks and coral heads to al.reas. almost completely
covered by,-,‘coral. Fish densities calculated from the transect data were
converted to a standardized form to reflect densities.’ per‘: 10m (66 ft) of
transect ilin.e or :‘20 m? (215 ft?) of substrate. ‘

RESULTS |

Species Diversity’

Table 13 (Aiapendix A) lists the fish species seen at 'the four study
sites. Altoge_therb', 200 species belonging to 35 families were recorded. The
most well represented families included the Labridae (33 spp), Pomacentridae
(23 spp), Acanthuridae (19 spp), Chaetodontidae (17 spp) and Scaridae (13

spp). These five families contributed 52 percent of the total number of
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observed species, while the Labrids alone accounted for 16 percent of the

total.

Although the ocean surface at Site 1 was rough,'fbelow 10 m (33 ft) the

"surge diminished rapidly and visibility was fairly_good. A total of 107

species representing 23 families were observed. Appr(éximately 10 percent of
the total number of species recorded at all sites were seen exclusively at
this location. Reconnaissance at Site‘ 4 was more difficult and less fruitful.
Not only was the surface very rough, but there we:'re also a strong surge
and much reduced visibility down to 18 m’ (60 ft). Only 73 species
comprising 19 families were observed. Only two percent (4) of the total
recorded species were observed exclusively at this site.-.l

Not surprisingly, the greatest numbers of species were recorded at

Sites 2-and 3. At Site 2, a total of 130 species belonging to 31 families were

seen on the reef flat and forereef slope. Approximately 12 percent (34) of

. the total recorded species were observed solely at this site.. ‘A slightly
‘ lesser number of species were observed at Site 3 where 125 spécies repre-
. senting 28 families were recorded. Approximately 10 percent (?1) of the

total recorded species were seen exclusively at this site. The combined reef

flat data for Sites 2 and 3 yielded a total of 42 species representing 23
families. These species are listed in Table 14 (Appendix.-l A), l

Juvenile Fishes

The presence .of juvenile fishes was recorded during.. 'both the

reconnaissance and transect dives. These species are listed in Table 15,

Based on the abundance of the smallest individuals, none of these species
showed evidence of recent large-scale recruitment. Within both the reef flat
and forereef slope zones the largest numbers of observed juveniles. belonged

to the family Pomacentridae. Juveniles belonging to the familes Labridae and
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Acanthuri.dae were also among the most numerous. In all, juveniles were
recorded among 31 species within 9 famlies. More than haif of these species
are herbivorous. | o
Food Fi»shes

At gleast 38 percent (75) of the reco‘re']ed species ‘a'rez'b i{rlown to be
desirable foo‘d fishes. These species have potentially imporfeﬁt:ieconomic and
recreatlenal value and are identified in Table 13 by an aster1sk I

About 33 percent (35) of the Site 1 spec1es are llsted as desxrable food

fishes.,' The majorlty of these species belong to the farmhes Acanthurldae

(34%), ,LutJamdae (11%), Mulhdae (11%) and Scarldae (11) :v Some - of the
more 1mportant spec1es seen at mid-depth were the emperor, Le:thrinus

sermcmctus (Mafute), several surgeonflsh spec1es of the genus Naso,

1nclud1ng Naso unicornis (Tataga); and the rabbit.flsh Slganus argenteus'

(Hltmg) The largest individual food fishes ~seen durlng the entire study
were reeqrdeq at Site 1 near the 21 m (70 ft) depth.'_ ;These included the

snappéré;.,z,it_Aprion virescens, Lutjanus bohar (Tagaﬁ) Lut]anus rivulatus,

Lutjanu'sz ::-Iiuss:ell.i; and the groupers, Plectropomus leopardus (Godao) and
Variola loutl. )

At S1te 4 only 27 food species were recorded, yet these made up 37
percent of the total number of spec1es seen there. The- major food fish
families 1ncluded the Acanthuridae (379), Scaridae (189), Labrldae (15%) and
Lethrinidae (11%). Among the most important food spe‘cie's were Lethrinus

semicinctus (Mafﬁte) and Siganus argenteus (Hiting); the erﬁperor, Lethrinus

harak (Mafute); the snapper, Macolor niger; the surgeonfishes, Naso

hexacanthus (Gausa) and Naso lituratus (Hangun); the goatfish, Parupeneus

bifasciatus (Salmoniti); and several parrotfish species, including Scarus

rubroviolaceus (Lagua).
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Desirable food fishes composed 39% (51) of the Site 2 species, and were
most represented by the Acanthuridae (22%), Scaridae (16%), Mullidae (14%)
and Holocentridae (12%). The most abundant food species seen on the reef

flat were small schools of the surgeonfish, Acanthurus triostegus (Kechu);

the goatfish, Mulloides flavolineatus (Tiao); and the rabbitfish, Siganus

spinus (Seyun). Other important reef flat species included Lethrinus harak

(Mafute); the jack, Caranx melampygus (Tarakito); and the snapper,

Lutjanus fulvus (Kakaka). The principal food sﬁecies observed on the

forereef slope consisted of Lethrinus harak: (Mafute) and Mulloidichthys

flavolineatus (Tiao); several surgeonfishes, including Naso lituratus

(Hangun); the squirrelfishes, Adioryx caudimaculatus (Suksuk), Adioryx

sEinhifer (Sesiok), Myrpristis berndti (Sagsag) and Myrpristis murdjan’

(Sagsag); the jack, Caranx sexfasciatus (Mamulon); several wrasses,

including - Cheilinus undulatus (Tanguisun); the grouper, Epinephelus merra

(Gadao); the sweetlips, Plectorhynchus orientalis (Hamala); énd several

parrotfishes. including Cetoscarus bicolor and Scarus. gibbus (Lagua), both
of which attain relatively large sizes. ;

Nearly 31 percent (38) of the Site 3 species are conside:réd desirable
food fishes. The prominent food fish families were the Acanth.:u.ridae (26%),
Scaridae (15%), Lutjanidae (13%), Holocentridae (10%):_ and Laﬁr%'idae (10%).

The major food species recorded on the reef flat 'included: ":Acanthurus

triostegus (Kechu), Mulloidichthys flavolineatus (Tiao) and Si'ginus spinus

(Seyun). Other important reef flat food species were Adjoryk spinnifer

(Sesiok) and the grouper, Cephalopholis sonneratus (Gadao). On the
forereef slope, the important food species included the following: Lethrinus

harak (Mafute); Lutjanus bohar (Tagafi), Lutjanus fulvus (Kakaka) and

Macolor niger; Adioryx spinnifer (Sesiok), Myrpristis berndti (Sagsag) and
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Myrpristis murdjan (Sagsag); several surgeonfishes, inclﬁdiflg Naso lopezi,

Naso hexacanthus (Guasa) and Naso lituratus (Hangun); 'the;: snapper,

Aphareus furcatus and several parrotfishes, including 'Scar}:ls gibbus
(Lagua).,,E . | »
Fish Dens1tX

Flsh den51ty at Bahia Laulau was 1nvest1'gated along hne.vtransects at
Sites 2 and 3 Den51ty values calculated from these data are“p'resented in
Table 16 (Append.lx A). The reef flat breakdown by slte' shows 51m11ar
dens1t1es of spemes between sites, but a much hlgher density ef 1nd1v1duals
occurrmg ‘at Site 2. However, the latter is m1slead1ng and is probably
largely the result of transect placement rather than to 51gn1f1cant dlfferences
between 51tes (see Methods). A better way to use these data ‘would be to
compare flsh dens1t1es between the shallow pavement ‘and depressed areas of
the reef ﬂat (Table 17, Appendix A). These values _ do ‘indicate real
dlfferences and help explain why the den51ty of 1nd1v1duals at Site 2 was so
hlgh. L , - :

Fish (:_iéensi:ties calculated for the forereef slope ar.?e l:)?reléeﬁzdown by site
and depth m Table 16. Overall, the density on the fofereef;% slppe was about
twice that feund on the reef flat. Within each study sit'ev;."'s’it[‘lilar densities
were fou‘ndi at blo‘th .depths. However, quite different densgfies were found
between study sites. The fish dehsity at Site 3 was consistently higher.
At 9 m (30 ft), a 36 percent greater species density, as well as a 52 percent
greater density of'1nd1v1duals were found. At 18 m (60 ft), Site 3 showed a
57 percent greater species density and a 41 percent greater density of
individuals. As in the case of the reef flat, substrate variability appears to
be related to the density differences observed on the forereef slope (see

Methods). It is evident from Table 17 that fish density at Site 2 increases
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with substrate complexity at both depths. It is alsoAinterésting to note the
high degree of similarity between the densities at Site 3 and those over the

coral-covered areas at Site 2.

" DISCUSSION

Considering the limitations imposed on this iniféstigation by time and
nature, Bahia Laulau was found to contain a fairly diﬁ.fé_rse shallow-water fish
fauna. In general, the fish communities observed v,at" each study site ap-
peared to be healthy. The numbers of species that v}zére found to be unique
to a single study site were relatively low, ranging from 2-16 percent

(x = 10%) of the total recorded species. This is an indication of widespread

. recruitment of species within the bay. More extensive reconnaissance

s throughout the bay, especially at depths greater than 18 m (60 ft), and

within the vicinities of Sites 1 and 4, would undoubté_dly reveal the presence

of several other important species. A thor'ough survey  of the more cryptic,

. burrowing, nocturnal and pelagic species would also increase the overall

‘ species'list significantly.

Furthermore, the overall abundance of shallow—wa}ter coral f:eef fish is
known to fluctuate seasonally largely as a result of re:productiv,_fe‘ activities.
In the Mariana Islands, peak fish abundance occurs from April tﬁxfough July,
Several studies support the belief that coral reefi fishes :i;mrease in
abundance in the spring and early summer months dﬁe to boﬂ; spawning

peaks and increases in recruitment (see Johannes, 1978 and 1979;'_ ‘{Kock, 1982

and Molina, 1982). Had the same survey techniques been employed during

the peak season, it is likely that a greater number of species as well as
juveniles, would have'been encountered. In addition, the ratio of carnivores
to herbivores among juveniles may also shift seasonally with the former being

more abundant during the late spring and early summer months.
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The percent of desirable food species seen during the‘s‘tu_'\iey was fairly
uniform across study sites. These species ranged from 31—3? '}perc‘;ent of the
total number of species recorded at each site. These ﬁgtire's:should be
regarded as minimums when viewed in relation to the bay's fxshery potential.
In addlt:lon, better diving condltlons and more extensive reconnalssance
would héve resulted in the identification of other 1rnportantjzf.ood fishes,
espec1a113t among the more secretive and deeper hvmg spec1es 5

The bay does have a significant reef fishery potentlal for -a vartety of
fishing methods. The reef flats offer cast net (talaya), 111 net (tekm) and
limited surround net (chinchulun umesugan) poss1b1ht1ee. --Avmore d.lverse
array of spemes are taken with the latter two methods smce the1r catch is
l1m1ted pmmarﬂy by the location and mesh size of the net.. ;'Spec1es commonly
caught by glll and surround nets include many wra.s.ses,j snappers, emper=
ors, ]acks,, parrotf1shes, rabbitfishes, surgeonfishes . and.' goatflshes. Cast

netting, on the other hand, is a selective method usually used to target in

on spectflc ‘ species such as Acanthurus tr1ostegus (Kechu), Caranx

melampyg us 2 (.Ee) »  Mulloidichthys flavolineatus (Tiao)g, . ,Naso unicornis

(Tataga) and Siganus spinus (Seyun).
Angliné w1th hook and line is another method commor‘xly"employed on the

reef flat. ':Thts method may also be selective when used aldhg the shore to

catch schooling jﬁvenile jacks such as Caranx melampygus (Ee) and Caranx

sexfasciatus (Mamulon), or from the reef margin to catch fishes over the

reef front, such as Naso unicornis (Tataga). Much of the selectivity of this
method is de'termtned by the reef zone or depth that is fished and by the
type of bait and tackle that is used. Over the forereef slope, deeper
dwelling species such as the larger snappers, emperors, wrasses, jacks,

sweetlips and squirrelfishes may be caught with hook and line from a boat.
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Spearfishing is another selective method that has a highl potential on the

forereef slope. Species that are highly desirable by spearfishers include;

Adioryx spinnifer (Sesiok), Caranx melampygus 'f(Tarakito), Cheilinus

“undulatus (Tanguisun)', Naso unicornis (Tataga), and the larger snappers,

emperors, sweetlips and parrotfishes.

Local fishermen consider that the fish populationis--'close to the reef flats
have declined as a result of the pressure from heavy fishing in recent
years. However, fishing in the bay as a whole is:’lsﬁll considered to be
excellent.

Other important species seen within the bay include four species of

Caesionidae (fusiliers). These relatively unéxploited species have potential

- as food and as baitfish for tuna. Unfortunately, their abundance was not

observed to be high, but this may be because they are only indirectly
associated with the reef.

Relatively few of the reef fishes traditionally regarded as dangerous to

" humans were seen during this survey. Those observed included a large

. adult stingray (Taeniura melanospilos) (Hafula') seen at 9 m (30 ft) at Site

'3, a young black-tip shark (Charcharhinus melanoptérus) (Haluu) and a

moray eel (Lycodontis sp.) (Titugi) recorded on the reef flats at: Sites 2 and
3 respectively. |
The transect data yielded calculated fish densities that mayl; be used to

partly characterize the reef flat and forereef slope fish commuﬁifies. Dif-

ferences in the fish densities within each of these zones appear to be related

to differences in substrate complexity. More complex substrates have a
greater potential for dccommodating larger numbers of species and individuals
per area than less complex substrates. This was well illustrated on the

forereef slope at Site 2, partially explaining why the densities at Sites 2 and
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3 were so different. The density values presented here may be useful in
obtaining . gross estimates of fhe demersal fish resources e);ist:inl‘g ‘:Ewithin the
bay dowh to 18 m (60 ft). |
CONCLUSIONS

The fish commumty in Bahia Laulau down to 21 m (70 ft) is fairly
diverse and appears to be in a relatively healthy statea‘ Th1s, and the wide
range of habltats found there, makes it a ]ocatlon potentlall}; valuable for
ecologleal studies of reef fish. Many important spec1es_ of:‘_fo‘o:d flshes are
presenti-i%an'dl th’e potential for recreational and sub»sifs"ceq?ce f1sh1ng 1s also
high. The h.eplenishment of harvested food species ehouici h'et'i.be a p}roblem
since the bay is large and inaccessible to fishing byvrough seas durmg most
of the year. The more remote regions of the bay should be excellent
sources: of new recruits for the more heavily fished areas. » .

Altho.egh.BahJa Laulau represents a significant recfeetlonal subsistence
fishery for the 1s]and preliminary data prov1des no baSlS for the support of
.an mtens.n.‘re commerc1a1 fishery here. However, based on 'observatlons made
during th1s study , we feel that the resources contamed w1th1n the bay could
support a: 11m1ted commercial fishery for reef fishes. In ' thls regard,
spearflshlng an.d, shallow-water hook and line fishing h’aye the greatest
potential; ':..Ther.t_e may be some species of fish that are not being utilized
from Bahia Laulau at the present time. These may represeht 5an excellent,
though perhaps eeasonal, resource (pelagic types, ie. .tuna and mahi-mahi).
In any event, the‘reef and reef associated fishery resourceskshould continue
to be utilized for recreational and subsistence fishing until more data are

available to support demands for additional fishery development.
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MARINE TURTLES AND MAMMALS

INTRODUCTION

Both the green sea turtle (Chelonia mydas) and the hawksbill turtle

(Eretmochelys imbricata) are known to occur in the‘\xfzvaters of Bahia Laulau.
Interviews with local fishermen and divers, as well_'l:.- as sightings by team
members during this study indicate that the green sea turtle is a frequent
inhabitant of the bay, while the endangered hawksbiﬁ turtle is more seldomly
seen. According to information from Ben Concepcion, a local diver and
fisherman, no noticeable decline in the turtle population in Bahia Laulau is
evident. He normally sees one or two green turtles on. every dive he makes,
spotting them either underwater or on the surface from a boat. He says’
that "turtles are more numerous around the pointé, -such as Hagman and
Dandan and 1n the waters surrounding Forbidden Island."

Marine mammals, particularly porpoise, are kn’pwh to OCCI;.I‘ in Bahia

Laulau (personal observations of Ben Concepcion). However, no record of

‘sightings or other scientific works verify these sitings. Porpoise of an

unknown variety were observed moving through the Bay on two field visits
(February and May 1983) during this study. It is expected fhat porpoise
venture into Bahia Laulau for feeding and protectiion duriﬁg%‘ migration.
There did not appear to be a resident population of pofpoise in .B.:ahia Laulau
while our survey was going on. There is no known record of gwéhale sitings
in Bahia Laulau and none were observed during this study. |
METHODS

Prior to each fiéld visit all research participants were instruc.f,ed to look
for marine turtles and mammals while on their respective surveys.: Separate

transects or observations were not run since we did not expect to observe
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great nurhbers of these animals. Instead, we nlade a point:to_ keep an eye
out for these animals wherever a research participant went_ .'e;ither by boat,
car or while diving. Observations were made by boat, underwater by scuba
and skin diving and from observation pomts high above the bay. In
add1t10n‘,. knowledgeable locals were surveyed regard;ng the1r personal
observatmns recently and over the past few years. '
RESULTS

Turtles were spotted at different locatlorls throughout Bahla Laulau on

each of the four field surveys. Sightings were made from observatlon points

above Hagman Point (Site 1) Chamorro Village (Site. 3) and the Quarry (Site

4). Turtles were also s1ghted while working underwater at a.ll sites. A

total of 9 turtles were observed during the study More turtles were

observed on the surface at Sites 1 and 4 than at the other 51tes either on '

the surface or underwater. Two green sea turtles (Cheloma _ydas) and one

hawksb1ll Eretmochelys imbricata) were observed floatmg on the surface from

.our observatmn post above Site 1. Three green sea -turtles (Chelonia
mydas)- were observed floating off Site 4 from our quarry observatlon post.
One each of the green and hawksbill turtles were observed underwater at
Site 2 andv one :Hawksblll at Site 3. .

Tu.rtle nesting has been observed along the beaches Wthh occur within
Bahia Laulau. .'Inforrnation from Mr. Concepcion and a few residents in the
area revealed that they have observed green turtle nests at beaches below
the airport and ﬁquarry site in southern Bahia Laulau (Site 4 of our survey).
Recently Mr. Concepcion observed a few nests at Dandan Beach. Ben
Sablan, Fisheries specialist at the Division of Fish and Wildlife, recorded two

nests at Puntan Hagman during 1982. He reports that in the mid-1970's,
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scuba divers were harvesting turtles regularly at Naftan Point, Forbidden
island and the Grotto.
DISCUSSION AND CONCLUSIONS

Because of the rather extensive development of..:t_vhe shoreline and beach
areas along the west coast of Saipan, there is 'af__shortage of protected
nesting areas for turtles. Even some of the nesting’ sites on the east coast
are visited frequently by fishermen and tourists. 'D'isturbing and robbing
eggs from these nests has seriously affected the reﬁroductive efforts of the
turtles. This situation makes the few relatively inaccessible nesting b.eachés
in Bahia Laulau very important for the continued sﬁrvival and conservation
of these animals. Nesting sites need to be better protected during the
nesting season (March-July) and laws protecting thé t;..lrtle nlesAts need to be’
enforced. At the present time, all marine turtles are c_onside;‘ed to be ei.ther
threatened o:r endangered in the CNMI. Continued education‘ is essential to
enlighten the public as to the steps necessary in prp’;écting andé conserving
this prelcious biological resource. |

Al_though both the green and hawksbill turtles are proteéted by the
Federal Endangered Species Act, CNMI residents ar:'e exempt',e.d from the
provisions of this act and allowed to take green tﬁrtles fof 'subsistence
purposes only., Subsistence taking is defined as “(';ustomary,é traditional
taking of restricted game to provide sustenance for the taker and his or her
immediate family when no other means of providing sustenance 1s available or
when curtailment would result in severe malnutrition.” Only : one green
turtle may be taken per season (September 1-November 30) and only CNMI
citizens may take a ‘turtle after purchasing a $5.00 license. Hox}vever, the
CNMI government may pass more stringent laws or regulations in i‘egards to
the taking of endangered species. To this end the Director of Natural
Resources may grant exemptions from limits for subsistence taking of

wildlife.
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Additional regulations state that green turtles lesé than 34 inches in
length measured across the top of the carapace mg:y not' be taken, taking of
green turtles inshore of the mean low tide mark is prohibited, no person
shall disturb or take eggs from a nest, green ?;J%rtles may not be trans-
ferred, sold or exported and the taking of green'_tiurtles must be customary

and traditional.
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OTEC DEVELOPMENT

INTRODUCTION

The CNMI government recogmzes the - nrxportance of . OTEC' development
as a part of its renewable energy program in order to reduce 1ts dependence
on 1mported fossil fuels. In their OTEC pllot pIa:nt program technlcal
proposal the CNMI concluded that "OTEC is one of 1ts few alternatwes as a
baselo__a_el electr1c power source." OTEC - represents capltal—mtenswe
appro;e:h to.the production of electric power. Although the fuel is free and
renewab’le, _?lthe high initial capital costs plus. the lack of suff1c1ent
demonstratlen of the technology and economics on a large scale have been a
barner to the rapld commercialization of OTEC.

Four small OTEC applications represent the bulk of technological

advancerinent 'in the field: Mini-OTEC, OTEC—l, Seacoa‘st;vTest Facility and

the Naﬁfu plant. In July 1979 the Mini-—OTEC_ plant inas,' ‘dep.lo.yed off Keahole

Point on the island of Hawaii and became the world"s: 'ﬁrst successful
closed-cycle OTEC plant producing an average of 18 kW net electricity
during 1ts 620 hours of operation. OTEC-1 is a converted T-2 tanker

renamed Ocean Energy Converter and was deployed off Keahole Point in

September‘ 1980. The Seacoast Test Facility is a land- based OTEC plant from
which bio'foulin.‘g and corrosion experiments are bemg cqnducted. The 100kW
Nauru OTEC plant was placed in operation in October of 1981 and a
continuoustoperation test was carried out for ten days in November 1981.
This test proved the reliability and performance of the plant under
continuous operation and valuable data applicable to future commercial OTEC

plants was obtained. Due to successful completion of the 100 kW Nauru pilot
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plant the developers are now willing to undertake coﬁStrucﬁtion of a 2,500kW
c.ommercial plant. |

Significant potential for OTEC application cia;;ists in tropical and
" subtropical zones between 20° S and 20° N latitude;.fﬂzv_vhere delta T exceeds
20°C. Figure 17 illustrates this resource in terms ofi fthe average of monthly
temperature differential. A comprehensive list of 98F§qtential OTEC nations
and territories has ‘been developed .from basic OTE_Cz criteria (Table 18).
These criteria are based on significant monthly delta T within 370 kilometers
(200 miles) from shore, also known as the Ext]usive Economic Zone (EEZ).
These nations and territories can be categorized as foilbws.

1. Developed nations - 3 (U.S., Japan, Austraha)

2.' Territories of developed natlons - 29 (U.s., , Japan, France, UK,

Netherlands and N2Z),

3. Devéloping nations with free-market economies - 63.

Pe‘rhaps thé greatest OTEC potential is in dei}.eloping .n;ations and
; terrltorles Table 19 illustrates the key oceanograph1c resource. parameters
. for 67 of these nations and territories (excludmg terr1tor1es of developed
'.‘natlons except Guam, Trust Territory of the PalelC,: Virgin ;Islands and
Americ'an.v ‘Samoa and the centrally planned economic E"nations).:'?. These 67
nations and territories combined have a projected instaligd electl‘:'"icé’a.I capacity
of approximately 284,000 MW in 19é0 and a potential 1‘,460,000';P:,4W by the
year 2010. Much of.this could be supplied by OTEC. .

The.iS:aipan location and Bahia Laulau site represents one ;.o.‘f the best
OTEC reéoﬁrces in 'the world with the average of monthly ‘témperature
difference between tﬁ’e warm surface and cold deep océan waters éxceeding
21°C. There are two estimates of the thermal resource availabie in the

Marianas; Lassuy (1979) University of Guam and Dames and Moore (1979) in
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Figure 17, Potential OTEC Thermal Resource. :
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Table
R Annual AT >20°C ®1000 M Depth within 200 nm EEZ)
GEOGRAPHICAL !
AREA MAINLAND ISLAND
{ LATIN MEXICO GUYANA CUBA " GUADALOUPE (FR)
AMERICA BRAZIL SURINAM HAITI " MARTINIQUE (FR)
: COLOMBIA FRENCH GUIANA(Fr) | DOMINICAN REP. © BARBADOS
COSTA RICA NICARAGUA JAMAICA * DOMINICA
GUATEMALA EL SALVADOR VIRGIN 15. (uS) ST, LUCIA
IIONDURAS BELIZE (UK) GRENADA : . ST. KITTS (UK)
PANAMA UNITED STATES ST, VINCENT BARBUDA (UK)
VENEZUELA GRAND CAYMAN (UK) MONTSERRAT (UK)
ANTIGUA (UK) THE .GRENADINES (UK)
PUERTO RICO (US) CURACAQ (NETH)
TRINIDAD AND TOBAGO ARUBA (NETH)
BAHAMAS : :
_ AFRICA NIGERIA GABON SAO TOME AND PRINCIPE
GHANA BENIN ASCENSION (UK)
IVORY COAST  ZAIRE COMOROS
KENYA ANGOLA ALDABRA {UK)
TANZANIA CAMEROON MADAGAS CAR
CONGO MOZAMBIQUE :
GUINEA £Q. GUINEA
SIERRA LEONE  T0GO
LIBERIA SOMALIA
INDIAN/PACIFIC INDIA AUSTRALIA . INDONESTA AMERTCAN SAMOA (US)
OCEAN BURMA JAPAN PHILIPPINES TRUST TERRITORIES (US) |
CHINA THAILAND SRI LANKA GUAM (US) :
VIETNAM HONG KONG (UK) PAPUA NEW GUINEA KIRIBATI g
BANGLADESH BRUNET (UK) TATWAN FRENCH POLYNESIA (FRANCE)
MALAYSTA FIJI NEW CALEDONIA (FRANCE)
NAURU DIEGO GARCIA (UK)
SEYCHELLES TUVALY
MALDIVES WAKE “IS. (US)
NEW HEBRIDES (UK/FR)  SOLOMON ISLANDS
.SAMOA : MAURITIUS
TONGA OKINAWA (JAPAN)
COOK IS. (NZ) MALLIS & FUTUNA IS, (FR)
TOTALS: 44 54
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Table 19, Oceanographic Resource Parameters; °: :
3 : R B
: - . liThermal: %
o ' Thermal User' | Resource {frequency
Geographical . Resource | Proximity | Stze  |of Severe | Currents
" Area. X ~ Nation (°c) | . (km): {km). Storms (m/sgc)
Indian/Pacific Indonesia | 22-23 10-50 {31000 " 0-0.1 |{0.2-0.4
Ocedn Papua New Guinca 23-24 <10 "~ {>1000. 0.1-0.5 }0.4-0.6
I Kirtbati >24 <10 | 250-500 0-0.} |0.4-0.6
" Tuvalu . >24 <10 <250-500 0-0.1 |0.2-0.4
Sotomon Islands 23-24 <10 - 1 500-1000] 0.1-0.6 | 0.4-0.6
" Nauru >24 <10 -100-250 0-0.1 [0.4-0.6
Trust. Terr, Pacific >24 <10 : -800-1000{ 1.0-3.0 |0.2-0:4
American Samoa 23-24 - <10 -100-250 | 0.1-0.6 |0.1-0.2
Samoa 23-24 <10 - -100-25¢ | 0.1-0.5 {0,1-0,2 -
Philippinas >24 <10 >1000 3.0 0.2-0.4
Yonga 20-21 <10: 100-25¢ | 0.1-0.5 |0,1-0.2"
India 21-22 50-100 | >1000 1.0-3.0 }0.2-0.4
Guam >24 <10: 100-250 | 1.0-3.0 }0.2-0,4
i 21-22 10-50 } 250-500 | 0.1-0.5 |0.1-0.2
Sri Lanka 21-22 10-50 500-1000] 0.5-1.0 | 0.6-0.9
Maldives 21-22 <10 500-1000 0-0.1 [ 0.4-0.6
Mauritius 20-21 <10 . . 250-500 | 1.0-3.9 ] 0.1-0.2
Seychelles 21-22 10-50 250-500 0-0.1 | 0.4-0,6
Taiwan 21-22 10-50 250-500 >3.0 0.4-0.6
Burma 2)-22 10-50 100-250 | 0.5-1,0 |0.2-0.4
Malaysia 23-24 100-370 ] - 100-250 | 0.5-1.0 | 0.2-0.4
Bangladesh 21-22 200-370 ] <100 1.0-3,0 ] 0.2-0.4
Africa Liberia 22-23 10-50 250-500 0-0.1 | 0.6-0.9
Ivory Coast 22-23 10-50 250-500 0-0.1 | 0.6-0.9
Ghana 22-23 10-50 250-500 0-0.1 {0.6-0.9
Nigeria 22-23 50-100 | 250-500 0-0.1 |0.6-0.9
Togo 22-23 10-50 <100 0-0.1 |0.5-0.9
Renin 22-23 10-50 <100 0-0.1 }0.6-0.9
Came o c2-23 50-100 100-250 0-0.1 |0.6-0.9
Gabon Z21-22 50-100 250-500 0-0.1 |0.6-0.9
tlozambique 20-21 10-50 500-1000] 0.5-1.0 | 0.6-0.9
Sao Towe & Principe 22-23 10-50 <100 0-0.1 |0.6-0.9
Eq. Guinea 22-23 10-50 <100 0-0.1 ]0.6-0.9

* [tumber per

5° Latitude - Longitude Square
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their preliminary EIS for a Guam OTEC. The consensus of these data
c.onclude that a year round temperature differential.‘:over 2l° C (69.8° F)
exists at a depth of 550 m (1,800 ft) and a 23° C (7:%.4° F) differential can
"be obtained at a depth of 900 m (2,952 ft). "

Siting of OTEC plants must consider existing cofmpeting ocean uses to
avoid conflicts that could delay approval by 1oca1."‘ and federal agencies.
Exteqsive U.S. offshore oil activities, with a large n'u;hber of existing plat-
forms, pipelines, operations of drilﬁng and logistics E.\.ressels do not exist in
the regions of most Pacific Islands. In contrast to iche coastal areas of the
U.S. continent and, to a reduced degree, of Hawaii .and Puei‘to Rico, there

.. are only a few ocean uses in the vicinity of the Pacific Islands. Therefore,

-~ the potential for conflict with existing competing ocean uses is.considerably

-.reduced for the émall Pacific Island OTEC pilot plant 'pfogram.l.

The comi:eting ocean uses on which O’.I‘EC. facilit'ies' may be expected to
. impact in  the vCommonwea.lth of the Northern M'_ariénas are;i fisheries,
navigatiﬁ;‘i and possible deepwater port development. i{owever, éhe location
. of any.r OTEC facility can be planned to cause the nﬂ@imum of igterference
_with shipping and port development. The only ocean use : that could
realisticélly be affected in the foreseeable future is thatziof fisheries.

At present, the fisheries of the Northern Maﬁanaé are 1a£éély of the
subsistence variety with some r‘ecreational fishing ‘and a ‘; émall local
commercial industry. Nevertheless, there is a high potential for :gi;avelopment
~of a commercial fishing industry as has been shown by the succes‘sif.ul efforts
achieved E_y the Japanese, Taiwanese, Korean and more recently iarge U.S.
purse seiners in Mari"anas waters. The development of‘ a viable éommercial
fishing indﬁstry is of central importance to CNMI economic indepen;:ience and

self-sufficiency and is recognized as such in the recent Draft Fisheries
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Development Plan, FY 1981-85. The recently enacted Marine__“Svovereignty Act
of 1980 : stresses the dependence of the people of the ’No:rthevx;*n Mariana
Islands on the resources of the sea "for their economic, éoeial .g:l'xd political
surviva},gand growth" and the consequent need to estebliéh ‘:c;ontrol over
marine resource exploitation. The Act i_nE:z _é.E establishes a370 kilometer
(200 mile) economic zone for this purpose. B ' |

The effect of an OTEC facility on ﬁsher:ies relate’sz to the ,gdisplacement
of warm, shal]c.)w. water with cold, deep water and theresultmg modif?ication
of temlf)elrattérez, salinity, density, dissolved oxygen,.fhu;r:ienf:sg, carl;onates
and pa;'%ciculefes. This "artificial upwelling" caused by anOTEC opferation
can result 1n an increased fish population and t‘herefere, higher :yields.
Ho‘;veve_';".'; the overall impact of a small OTEC plant is. iikely to be minimal.

Aflo’éﬁer ‘aspect currently under consideration ‘is ‘tl’;le.vfea‘isibility of a
multi—pur:p.ose' OTEC consisting of a mar_iculture_': pl'.aﬁ‘t utilizing the

nutrient—:i"_ch discharged sea water and poseibly a desali,n.at'ion plant and air

conditionif;é facility. An OTEC/mariculture/ desalihatio'n'/'a.ir' conditioning

complex’ oé ‘:;this‘ nature would be an efficient application par{ieﬁ;larly for small
scale OTE:C;:‘-‘vplants.

In sut;nnary, the island of Saipan, particularly Ba.héa. ‘Laulau, as a
potential OTEC ‘.‘site looks very promising from a physical en'-j"rironmental point
of view. The thermal resources ‘avaﬂable are close to sho.rAe making the
concept of a coastal OTEC plant a very viable one. Caution, however,
needs to be exe1:cised in the actual site selection to position( the plant in an
area least exposed to adverse physical conditions such as faults, typhoon

generated waves and proximity to shore.
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POTENTIAL ENVIRONMENTAL IMPACTS RELATED TO: OTEC DEVELOPMENT

. Evaluation of potential environmental impacts as.fsociated with Pilot Plant
deployment and operation is presently a matter of co:?rijecture since little data
" has been collected near an operating OTEC pl:;;u;t. During the first
deployment of Mini-OTEC at Keahole Point, Hawaii, the number and species
of fish attracted to the platform were mon_?i’fc;)red (Nolan, 1980).
Environmental monitoring for the OTEC preoperati(.)'nél platform (OTEC-1),
also near Keahole Point, has also been completed (Mer:i'zies et al., 1980).

Several reports have preliminary data reg‘ardiﬂg’ potential environmental

impacts associated with OTEC plants. The full range of environmental issues

surrounding OTEC development, demonstration and .commercialization was

descr‘ibed in the DOE OTEC Environmental ngelopment Plan (DOE, 1979a).

A.An Environmental Assessment (EA) was prepared'-‘by DOE (1979b) for
OTEC-I. ’Th:e OTEC Programmatic Envirénméntal Ana}ysis considered the
environmental effects of the development, demonstratic'_)r?and commércialization
of sevé%_al OTEC technological designs, plant confiigurations .. and power
usageé '(-Sar.xds, 1980). . , - |

The OTEC Pilo‘; Plant may potentially affect aixE' qﬁality, the terrestrial
environment and the marine ecosystem in the vicinity o:':f the deployment and
operation site. . Atmospheric effects or climatic alte:_rations from carbon
dioxide release and sea-surface témperature cooling afe not aﬁ’éicipated to
result from Pilot Plant operation. Construction of a Land—Base(:i%Pilot Plant
may necessitate the total destruction of the existing terrest:&’i%ﬂ habitat.
Grading ..fO.I' roads, utility corridors and the central wutility ter;ninus may
result in a change of land use from natural to improved A(develope‘dj land.

The majority of environmental effects associated with Pizlot Plant
deployment and operation center on the marine ecosystem since Ait is the

source of evaporating and condensing waters and receiver of effluent waters
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used by the plant. Marine environmental effects assoc_i.éted with the wvarious
Pilot Plant configuration‘s being considered can be caté'gc;ri:z.elc;l as: (1) major
(those causing significant' environmental fimpacts), (2) mir‘101"; (those causing’
insignificant environmental disturbances gand (3) pc;te.intiall ;'(those occuring
only during accidents). Pilot Plant ch:a1j'acteristics and iltF}:w;ir corresponding

environmental effects include:

1. Major Effects of Deployment and Oper. Source of TIE"cS:ll:ution :

Attraction of fish, invertebrates Plat‘form' :p're:sénce
and birds’ R R
Oi"g.anis::m impingement and entrainment Withdrawal of surface

and deep-ocean waters

Effects :on nontarget organisms DisChargi;--of:biocidés
Rédistribution of ocean properties, | Dischérg‘é‘of‘waters at
particularly nutrients and planktonic or near the thermocline
organisms ' R '

Protective hull coating

Toxic effects on resident organisms
: release’ ..

2. %Minor Effects of Deployment and Oper. Source of j'Pollu’cion

Effects from trace constituent Power, ¢ycle erosion and
release on resident organisms corrosion’ ' '
Habité"ft destruction and turbidity Implantation of cold-water
during dredging pipe and transmission cable
3. Potential Effects from Accidents Source of Pollution
Toxic -effects of released working Potential working fluid
fluid ‘on resident organisms release from spills or

leaks
Toxic effects of oil on resident Potential oil releases
organisms

The Pilot Plant will serve as an artificial reef and provide a habitat for
a large number of organisms. The increased population near the plant will

compound environmental impacts by exposing greater numbers of organisms
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to the effects associated with routine plant operatiéri, sﬁch as entrainment
and impingement and risk of nonroutine events such_‘_as spills.

Preliminary (order-of-magnitude) estimates i?ndicate that the most
serious marine ecosystem effects caused by Pil:c.)‘.cb Plant operation are
associated with the seawater intake and dischargé.g-' The Pilot Plant will
withdraw and dischage approximately 100 times moré:"watér than a similarly
sized fossil-fuel or nﬁclear power plant. The potéi;tial impacts associated
with seawater withdrawal and discharge include entralinment of larwval stages,
impingement of ecologically and commerciaily inilpor‘can’cj species, toxic
substance release and ocean water redistribution. ‘ |

1, Entrainment of ichthyoplankton (fish eggs and larvae) and

meroplankton (benthic invertebrate eggs and lai‘_vae) may -reduce adult

populations downstream of the plant.‘ Around islanld.s' the m_aintenance of a
larval populAation near the spawning site is vifa] . to  adult. population
existen'c_:e. | |

2. Impingement of organisms on the intake screens may. reduce the
population of ecologically or commercially important épetieé in the vicinity.of
. the plant. Data on platform attraction rates, ;species ‘affected by
impingement, impingement rates and mortality rates "‘ have bc_'f.én collected
during operation of OTEC-l, a converted T-2 tanker} that te:s:'.:t’ed various
OTEC plant components off Keahole Point, Hawaii in 1981. .

3. Biocides ' (chlorine and its seawater-reaction prcéciucts) and
protectivg :hull coatings released from the Pilot Plant may be toxié E'to resident
organism; or taken up in the tissues of ecologically or commercially important
species (Rowley, 1980). Descriptive studies on the seawater ch':ernistry of
chlorine, acute/chronic toxicity studies and food-chain investigations are

required for evaluating the effects of these releases.
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4, The release of working fluids and oil during a catg$trophic accident
could significantly impact tHe marine environment. The -ri'.sk.f- <?5f accident
occurrence should be assessed and a spill contihgency plan p'repar.:ed.

5. .The discharge of nutrient-enriched d:e.ep waters w1th1n ;the surface
layers of the water column may incfease thé primary productlwty of the
receiviné waters. Data for evaluating nutrien't redistributi.or}:"éiffects on the
ecosysferﬁ includes physical-model predictions:, phy_toélé.nktc%ﬁ;fl:lptake. rates
and food-chain investigations. Results of physica;lz modelswﬂ] p;rovide
estimates qf the plume stabilization ~ depth, ;dov;fnﬁstrée:xzm njutrient
concen&ationé and area affected. Phytoplankton uptAak‘e ‘vr‘z'x'tcfezg: :;.nd food-chain
investiggtioné are important for estimating the incré;se 1n biomass and its '
res;_lltiri‘gzeffect on trophic level structures. ‘.

To :é:s"_se's"s the potential effects of Pilot Plant déplo'yi"n‘énvt é.nd operation |
the ecololglicalv, physical and chemical characteristics.:of .‘ the site must be

determine'di prior to plant deployment and an environmental monitoring plan

(for evaihi;ation of plant operational effects) preparéd.; g Aftér Pilot Plant

deploym‘en};; environmental monitoring data must be obt‘ain_é(ii--‘a.nd used for
determininigi the long-range environmental effects aLss'ociva’.ce.%.i.t with the Pilot
Plant operat:ion. These data will be used in regulatory corﬁp}iaﬁce reporting,
but should alsdl be compared with environmental predictioﬁ,-’s made prior to
deployment in order to validate thec;retical results.

RISK OF CREDIBLE ACCIDENTS RELATED TO OTEC DEVELOPMENT

Operations in the marine environment present several unique hazards or
potential for accidents. Collisions, extreme weather conditions, military or
political terrorism and human error may endanger the safety of the platform

crew and the population served by the Pilot Plant. Pilot Plant crew
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members, population adjacent to the plant and corn:muniti;es served by the
plant will be exposed to potential accidents and pOWB.I;‘: failures.

Ship traffic around the Pilot Plant must be;jjcarefully monitored to
" minimize the potential for collisions. Large volﬁ@es of working fluid
(ammonia) will be stored aboard the Pilot Plant anaf-present certain health
hazards should a collision or large leak occur. A.;j‘ispill contingency plaﬁ
should be prepared‘af.ter the Pilot Plant platform anid_ideployment sites have

been selected.
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GENERAL DISCUSSIONS

PHYSICAL RESOURCES

Ph_ySical resources in Bahia Laulau incélude the reef,' ‘beaches and
isolated mineral deposits. Reefs and‘ associated flora and'»lfadr:iv’aj: are one of
the most valuable resources islands have to offer and}this 1s 'efxl_:emplified by
the avei_lable resources of Bahia Laulau. The most i‘{rnportaht;:’;rfesources on
the reef‘ are the edible fishes as well as numerous 6therﬁ‘edi;t;le ﬂora and
fauna, | Food flSheS are described in the fish sectlon‘of th1s report In
addltlon, the _coral community represents an important resource for w1‘chout it
most other - forms would not congregate here. ,«..'Bear__che_s. 'reprelsent a
sigrlificerit physical resource both from an aesthetic peint: e'f view as well as
the potentlal ‘for sand mining. A reasonable sized dep031t of Manganese is
located on the Hagman Point side of the bay. Detals]of these mineral

depos1ts, are discussed the Geology section. One impbrtenf resource not to

be overl:'_oeked in Bahia Laulau is the tempereture di‘ff'eren’bcifal"'between deep

cold wate%x_'g-: and warm surface water. This temperafure ,-(iif_ferential is the
basis for OTEC development and the premise upon wh1ch ;this study was
undertakeni L
BIOLOGICAL RESOURCES

Biological resources include f'ishing and harvesfing of"algyae, coral and
clams. Fishing represents the single largest biological resource for the
people of Saiparr. Harvesting coral, algae and other forms such as clams is
a viable reéource in Bahia Laulau. However, strict regulations and limits
must be placed on these resources since they can be depleted rapidly leaving
an irreparable condition. At the present time, harvesting 6f coral is illegal

in the CNMI except by permit.
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RECREATIONAL RESOURCES

| Recreational uses of Bahia Laulau include all Sctivitiés associated with
the beach and ocean. These include boating, ﬁshixég, diviﬁg, sunbathing,
picknicking or just éppreciating the mnatural beau.’lc}y of this idyllic bay.
Observations during our field trip indicate that the bay is used by fishermen
both from boats and on the reef including netting',:axg‘.id spearfishing. Small
boats can also be launched on the' beach or over_'t-l':xe reef near the small
channel at Site 2, weather permitting. Numerc’gl:ls scuba divers were
observed during our field trips. Sunbathing is an ideal recreational use for
Bahia Laulau.,

Snorkeling and Scuba Diving

Bahia Laulau is one of the favorite areas for recreational and

tourist-related diving and it affords one of the orillir' sites along the east
coast of Sai};Jan where divers and spearfishefmen c"an; make an easy beach
entry.. "A well-érotected cove (near Unal Bapot) w_it-'hil‘a narrow é:ut through
the reéfi%provides an entry and exit point for ‘divers ar;d small béats.

biﬁe shop owner and scuba instructor Ben Cénce_pcion repésrts that all
dive tours to Saipan (mostly from Japan and Guam) make at least one dive in
Bahia Laulau. He estimates a total of 75-100 tourist%divers v'igit this site
each month. In addition to this number, local resideints freqﬁc—%ht the Bay
for spearfishing, lobstering and other recreational uses; |

Fishing and Boating

Observations by team members during this study, informati'or.i' from the
local Fish and Wildlife Division and interviews with Mr. Ben Coné,epcion and
other local fishermen all indicate that Bahia Laulau is important and

frequently used for subsistence and light commercial fishing. The reef flat
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is extensively utilized for talaya (throw-net) fishing, gill nets, pole casting
from the reef edge, octopus Hunting and lobstering and crabin':g Fat.: night.

A Hmited number of fishermen bottom fish and troll in the B‘ehia Laulau
area, ‘A‘ecording to local fishermen, more ﬁéhing would olcéurl ;if a better
boat launching site and channel were' available in the Bay'- At ;the present
time, only small boats can be launched v1avthe cut in the reef The trip
around the southern tip of the island and Naftan Point up to Bah1a Laulau is
long and usually rough and it is costly in terms of. tlme and fuel | Both
boaters and divers expressed a de51re to have the prese‘nt channel (cut)
w1dened and deepened which would result in mcreased use of the Bay for
f1sh1ng and fecreatlon.

RESOURCE DEGRADATION
Some damage to the coral community throﬁghout: .bBahija Laulau is |

presently underway as a result of an influx of Acanthaster Rlanm (crown-of-

thorns etarf1sh). Numerous individuals (more than - 100 large individuals)
were obeerved at each site with the majority inhabiting_vthe lush coral
communityi"gi,a_t ‘Sites 2 and 3. Individuals collecteo durmg our survey
measured i’learly 50 cm (20 in) representing some of the ietrgest specimens
observed aoywhere, particularly in these waters. Damage' to 'the coral reef
is evident :‘which suggests the condition has been progreséing for sometime
now. | |

An Acanthaster outbreak for Saipan was predicted for the summer of
1981 on the bas:is of heavy rains in August 1978 (Birkelar;d, 1982). This
outbreak was observed in August 1981 by Joaquin Villagomez, then chief of
the Division of Marine Resources, Saipan. The starfish were first observed
in southern Saipan and they were described as "a moving fr"ont comprised of

several thousand individuals." It is likely that the Acanthaster . which now
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inhabit the reefs of Bahia Laulau are from this 1981 infestation as the large
éize reported (up to 50 cm) would be expected in a 4} year-old population
(settled out of the plankton to form juveniles in Augﬁst 1978).

Minor degradatioﬁ to the coral community offshic;z:'e and on the reef flat
has also resulted from sediment runoff particularly in?__the vicinity of Site 2.
Storm water drainage carrying large quantities of 511t pours into the bay
near Site 2 through a small drainage fitted with wﬁaf appears to be a box
culvert constructed sometime during the Japanese oééupation. Water quality
analysis indicates a higher degree of turbidity from suépended solids pouring
into the bay at this point. In addition, total and fecal coliform counts are

higher here than in other areas of the bay.

The increased use of Bahia Laulau and intensive subsistence fishing and

trampling of:corals on reéf flats has contributed to '_the gradual decline of
food fishes 1n the area. Local fishermen note that 'fis_vh populations on the
reef flats or close to the shore have gradually declinea.in the 1as:'t ten years
or so a:s::_'za result of increased fishing in the area. . |

~, UNIQﬁE AREAS AND FEATURES

Bahia Laulau is a unique bay in itself both from the fesource z_-u}d aesthetic
point of view. Specific unique areas include Forbidde:'n Island:é}nd Hagman
Point, the reef flat and beaches between Sites 1 and 22, naturai cut in reef
at Site 2 where boats can enter anvd exit the bay and fhe prote‘.c;ced cove at
Site la. These areas are unique because of their natural Z'L;eauty and
aesthetic. value as well as their value as a resource for ejnjlo-yment or

1ive1_ihoo d
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CONCLUSIONS

GENERAL

-~ ' -Bahia Laulau has Thighly diverse terrestrial and: marme ecological
commumtles. ' C

- Bahla Laulau is important for sub51stence flShlIlg ‘and various
recrea’clon uses for local residents and tourists alike. '

- Ancient Chamorros and rmhtary personnell (both Japanese and
Amer1can) have utilized the bay which is rich in resources.

- . ‘Bahia Laulau is known as a mating ground and the 1solated ‘beach
areas are utlhzed as nesting sites for sea turtles. :

- Water quality within the bay is generally egcelleﬁt with some |
localized’ degradatlon following heavy rains. : o '

RESOURCES
- The entire bay is rich in resources which may play an important

role in the future development of Saipan and the Northern Mariana Islands.
These resources include the following: :

}-'.3 Manganese

- Limestone

= : Beach sand S
=i Tropical forest lumber (Breadfruit, Ifil, Kamachile)"
-::Cold deep water and warm shallow water close to shore

-The fégpochou formation cropping out immediately north of Beach Road
at Unai Bapot appears to possess the requisite density required for
construction aggregate, o

OTEC

- Adequate near-shore cold water exists at appropriate depths for the
proposed OTEC facility at the Hagman Point site.

- . Providing that effluent is not discharged in the vicinity of the
near-shore reef area, impact to the marine environment due to effluent
discharge would be minimal since currents at the discharge point move out to
sea.

- The site is poor from an engineering point of view because of
instability due to faults in the area and heavy surf and constant wind
activity from the prevailing east-northeast direction.
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- Accessibility to the proposed OTEC site is non-existent and would
pose severe problems during the development of mfrastructure because of its
general isolation.

- Highly fractured bedrock, steeply dipping soft and weathered
volcanic strata, extremely steep slopes, high relief, sparse vegetation and
" low-level shock waves from earthquakes and storm swells contribute to lessen

safety factors at Site 1. Many slopes at Puntan Hagman are barely stable
from the construction point of view. :

- Tropical storms and typhoons would probabiy attack the base of
Site 1 directly promoting active coastline retreat and generating sufficient
submarme 1nstab1hty to initiate submarme slides dlrectly off the site.

- Engineering and construction costs to build ‘an OTEC facility would
be extremely high because of its isolated nature and the general geologic
constraints of the site. o

- General working conditions for offshore pipe placément would be
extremely poor and limited to only a few weeks a year due to rough water
conditions.
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RECOMMENDATIONS

General

. Control development w1th1n Bahia Laulau to preserve its natural
beauty and water quality. :

Properly manage and conserve all resources in’ Bahla Laulau for
their ultlmate future protection,

- Subsistence, recreational and small scale commerc1al flshlng should
be supported and expanded for under utilized spec1es.

Access for boating through the existing natural cut at Bapot Beach
should be 1mproved

- Contmue water quality monitoring within the Bahia: Laulau area.

Resources

— Further studies to determine the quantity and quahty of manganese‘
dep051ts at Hagman Point should be undertaken,

= . leestone deposits throughout the bay should be studied to
e}etermme the nature and extent of future quarry sites.

.....

‘OTEC Prov1d1ng the OTEC facility is approved, the followmg are needed:

= Detalled engineering studies to determine the sultablhty of the
OTEC site: at Hagman Point, ~

= Spec1flc detailed current studies at the OTEC site to determme the
zone of mixing, This would include shallow to deep underwater current

studles over a one year perlod

= Additional bettom profﬂes at the OTEC site to determlne precise
bottom proﬁle for pipe placement

- Heavy construction planned for sites on Marianas and Tanapag
formations should be preceeded by thorough subsurface investigations
including geophysmal surveying and borings,
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Table 5. Temperature and Salinity at the Listed Depths with Corresponding
: Calculated Density (November 4, 1982). m = meters, °C = degrees
centigrade, ppt = .parts per thousand, g/cm® = grams per cubic
centimeter. Temperature, salinity and density  values were
extrapolated where noted by an asterisk. %

Depth Temperature Salinitfy | Density
(m) (°C) (ppt) - .. (g/cm3)
Surface 28.4 34.4 1.022

- 229 22.5 ' 35.1 & 1.025

305 12.3 34.5 _ 1.027

381 9.3 34,4 ﬂ 1.028
457 7.4 . 34.5 , 1.028

525+ 6.4 34,3 ﬂ 1.026

4.4 - 341 i 1.022
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Table 8. Checklist of benthic algae and seagrasses at five siteé in Bahia Laulau,
Saipan, November 1982. IRF - inner reef flat, ORF = outer reef flat,
RM/RF - reef margin and reef face, ST = submarine terrace.:

SITES . 1 1la 2 3 4
3-6m . . 10-5m  20-10m
' SPECIES ST ST IRF ORF RM/RF ST RF ST ST

CYANOPHYTA (Blue-green algae)

Anaczstis sp. : x
Calothrix sp.. C '
Microcoleus lzngbyaceus x
Schizothrix calc1cola x X X
S. mex1cana ; L x X b'e

RS T
®

M W
IR
¥

CHLOROPHYTA (Green algae)

Enteromorpha clathrata A X

Chaetomorpha crassa X

Microdictyon okamurai -

Bryopsis pennjata ‘ x

B. hypnoides :

‘Caulerpa cupresscndes

filicoides

racemosa - X

serrulata ‘

sertularioides ' x

urvilliana . 1

verticillata |:

Chlorodesmls fastigiata b'e

Hahmeda discoidea X
. opuntia o X X X

H valasquezii »

Rhipilia orientalis - x

Tydemannia expeditionis '

Udotea argentea , b 4 X

U. geppi _ :

Boergesenia forbesii X X

Boodlea composita : x x

Cladophoropsis memb¥anacea x

C. sundanensis ‘ X S

Diciyosphaeria verluysii b X

Acetabularia moebii

. Neomeris annulata ' X X

b
e
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Table 8. Continued

SITES 1 1la 2 3 4
3-6m 10-5m  20-10m
SPECIES ST ST IRF ORF RM/RF ST RF ST ST

PHAEOPHYTA (Brown algae)

Dictyota bartayresii x x x X
D. friabilis _ x x
Lobophora variegata T X X x b d
Padina minor - X X : x
P.. tenuis : x
'S-argassum cristaefolium : x X X

. polycystum x X
Turbmana ornata X X X X X

RHODOPHYTA (Red algae)

Actlnotrlchla fragilis

Galaxaura filamentosa

G. marginata

_C:.- oblongata

Gelidiella acerosa . X X

Gelidium crinale
Eusﬂlum

Llagora Sp. . x

Pterocladia parva X

Amphiroa fragilissima x X b3 X

A. foliacea x X x

Jania capillacea x

J. decussato-dichotoma

Mastophora rosea

Porolithon onkoides

Sporolithon sp. x X:

Champia parvala

Rhodymenia sp. x

Acanthophora spicifera

Caloglossa sp.

Centroceras clavulatum

Ceramium gracillimum

Laurencia sp.

Leveillea jungermannioides

Polysiphonia sp.

Spyridia filamentosa X X

Tolypiocladia glomerulata ° ‘
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b
b
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e
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ANTHOPHYTA (Seagrasseé)

Enhalus acoroides x

TAXA RECORDED . ‘ 15 37 15 26 26 50 25 45 28
GRAND TOTAL - 69



Table 9. Total number of planktonic organisms per sample. - NOVEMBER 1982.

. Date: 11-82 Location - Surface Surface Oblique ; Oblique
Taxa - Sampling Number P-1 t P-2 . P-3: P-4
Chrysophyta

Bacillariophyceae (Diatoms)
Centrales : SR
Coscinodiscus sp. A 2 : 2 0 0
Protozoa A
Foraminifera ) L L
Orbulina universa 30 ' 3 0 .6
Radiolaria . AR :
Species A 8 4 3 11
Cnidaria ' o : _, S
Siphoenophora - 32 | O O < 1
Medusae - 1 1..- 7. 0 0
Annelida .. .
Polycheate ‘larvae " 2 300 0 0
Arthropoda/Crustacea
Cladocera
Evadne sp. A
Ostracoda - , ,
Euconchoecia sp. A .0 0 . .0 2
Cypridina sp. 14 3 0072 9
Copepoda ' e
Unidentified species 146 19 0 - 40 40

Calanoid sp. A

Calanoid sp. B

Euchaeta sp.

Candacia sp.

Acartia sp.

Eucalanus sp.

Centropagus ,
Oncea sp.: A

Copilia sp.

Coryceaus sp.

SaEEhirina 'Sp.

Unidentified Cylcopoidid 2 0 3 2
Malacostraca ? ‘

Mysidacea sp. A 400 300 44 73
Mysidacea sp. B 224 188 6 20
Cumacea sp. A 1 0 0 1
Isopoda sp. A 2 2 0 2
Amphipoda sp. A 10 12 -0 0
Decapoda/Shrimp mysis sp. 66 12 11 16
Decapoda/Crab zoeae sp. 4 0 0 1

2 4

Decapoda/Crab megalops sp. 10 6



Table 9. Continued.

Date: 11-82 Location

Total No:

202

Surface Surface Oblique Oblique
Taxa Sampling Number P-1 pP-2. P-3 P-4
Mollusca
Gastropoda :
Gastropod veliger larvae 2 3 1 0
Pteropoda -
Cresius acicula
Unidentified sp. A 1 0 0 0
Unidentified veliger capsules 16 200 55 17
Cephalapoda (squid)
‘Chaetognatha
Sagitta sp. A 4 0 4 15
Heteropoda
Chordata
Urochordata
Thaliacea (Salpa) '_
Salpa sp. A 8 0 0 0
Vertebrata
Osteichthyes »
Fish larvae 42 15 11 8
Fish eggs "round" 20 12 4 5
Fish eggs "oval"
Miscellaneous 1 0 0 0
#Individuals/cubic meter 10.11 7.58 1.95 2.25
Total Species 25 18 14 18
‘ 1048 786 233
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Table 12. Conspicuous macroinvertebrates collected or observed at Bahia
Laulau, Saipan, Nov. 1982, :

Protozoa
Foraminiferida (Foraminiferan)
Baculogypsina sphaerulata (Parker and Jones) Site 2 and 3, sands
Margmopora vertebralis Blainville Site. 2 and 3, sands B

Porifera (Sponges) ' ' P
Cmchzra sp. Site la, reef flat; 2, reef’ flat; 4, reef ﬂat

Arthropoda
Crustdacea (Crustaceans)
Coenobitidae (Land Hermit Crab)
'Cbenobita sp. Site 2, beach

Grap51dae (Grapsid Crab) ' o
Grapsus tenuicrustatus (Herbst) Site la; 2 4 hlgh mtertldal

Ocypodldae (Ghost crab) _
chpode sp. Site 2 and 3, beach

Xanthldae (Xanthld Crab)

Carplhus maculatus (Linnaeus) Site 2, reef flat

Mollusca "
Gastropoda (Snails)

Pulmonéfé
Ellobiidae - S
Melampus flavus (Gmelin) Site 4, high intertidal | = %@ :

Prosobranchla
‘Patellidae (Lnnpets) R
Cellana.radmta orientalis (Pilsbry) Site 2, high' intertidal; 4, reef
flat .and high intertidal : AT

Trochidae (Trochids, Topshells)
Tectus pyramis (Born) Site 3, 30 ft.
Trochus intextus Kiener Site 3, 30 ft.
T. niloticus Linnaeus Site la, reef flat

Turbinidae (Turban Shells) .
Astraea rhodostoma (Lamarck) Site 1, 30 ft.; la, 20-30 ft.; 2, 30
ft.; 3, 30 ft.: 4, 40-50 ft.
Turbo argyrostomus Linnaeus Site 1, 30 ft.; 3, 60 ft.; 4, 30-50 ft.
T. Eetholatus Linnaeus Site 4, 30-50 ft.
T. setosus Gmelin Site 2, reef flat

Neritidae (Nerites)
Nerlta albicilla Linnaeus Site 2, high intertidal
. plicata Linnaeus Site 2, hlgh intertidal; 4 high intertidal




Table 12. Continued.

Neritopsidae
Neritopsis radula (linnaeus) Site 2, 30 ft.

Littorinidae o
Littorina coccinea (Gmelin) Site 4, high intertidal
L. undulata Gray Site 2, high intertidal; 4, high intertidal

Modulidae .
Modulus tectum (Gmelin) Site 1, 30 ft.

Cerithiidae
Cerithium moras Lamarck Site 2, high 1ntert1dal
C. mutatum Sowerby Site la, 20 30 ft.; 3, 60 ft.
€. nodulosum Brugiere Site la, 20-30 f‘t.; 3, reef flat
Rhinoclavis articulatus (Adam and Reeve) Site 1, 30 ft.
R. aspera (Linnaeus) Site la, 20-30 ft. -
_I_{_. sinensis (Gmelin) Site 4, 30-50 ft.

Strombidae (Conchs) : '
Lambus chiragra (Linnaeus) Site 1, 30 ft.; la, 20-30 ft.; 3, 30 ft.
'L. lambis (Linnaeus) Site 3, 30 ft. ’
. Strombus dentatus Linnaeus Site 1, 30 ft.; 123, 20-30 ft,
S. luhuanus Linnaeus Site la, 20-30 ft. '

S. mutabilis Swainson Site 1, 30 ft.; la, reef flat and 20 30 ft.; 3,
‘reef flat

H1ppon1c1dae

Hipponix conicus (Schumacher) Site 1, 30 ft.;:. 3, 30 and 60 ft.; 4,
- 30-50 f£t. . s

Cypraeidae (Cowries) ,
Cypraea caputserpentis Linnaeus Site 1, 30 ft.
C. depressa (Gray) Site 1, 30 ft, co
E.. helvola Linnaeus Site 3, 20 ft.

. isabella Linnaeus Site la, 20-30 ft,
Lynx Linnaeus Site la, reef flat

moneta Linnaeus Site la, reef flat; 2, reef flat and rééf front; 4,
eef flat ,

XEraea sp. (Juvenile) Site la, 20-30 ft.

lplplo

QR

Tonnldae (Tonn shells)
Tonna perdix (Lmnaeus) Site 2, beachwashed

Cymatndae :
Cymatium nicobaricum (Roeding) Site la, reef flat; 2, reef front
Distorsio anus (Linnaeus) Site la, reef flat '

Bursidae o
Bursa bufonia (Gmelin) Site 3, reef flat




Table 12. Continued.

Muricidae
Drupa (Roeding) Site 1, 30 ft.
D. morum Roeding Site 4, reef flat :
D, ricinus (Linnaeus) Site 2, reef front; 4, reef flat and 30 50 ft.
Drupella elata (Blainville) Site 3, 30 and 60 ft.
'D. ochrostoma (Blainville) Site 3, 30 ft.
Morula biconica (Blainville) Site la, 20-30 ft.
M. granulata (Duclos) Site 4, reef flat o
M. uva (Roeding) Site la, reef flat, 2. reef ﬂat ,
‘ Murlcodrulg funiculus (Wood) Site 1, 30 ft.; la reef flat
-‘Thais armigera (Link) Site 1, 30 ft.; la, reef ﬂat 3 30 ft.

Faciolariidae Lo
Latirus nodatus (Gmelin) Site la, 20-30 ft.; 3 30 ft ;
‘L. polygonus (Gmelin) Site la, 20-30 ft.; 2 reef ‘flat' and reef front
Per1stern1a nassatula (Lamarck) Site la, reef f_lat_ ‘2-reef front

Nass_arndae » . ST Hes
-Nassarius graniferus (Kiener) Site la, 20-30 -‘fti.; S

Vachdae
Vasum ‘turbinellus (Linnaeus) Site 1, 30 ft., la, reef ﬂat and 20- 30
ft 2 reef flat and reef front; 3, reef flat; 4, reef ﬂat

Ol1v1dae (Olives) .
Oliva annulata (Gmelin) Site la, 20-30 ft.

Mitridae (Miters)
Mitra cucumerina Lamarck Site 2, reef flat
M. ieremitarum Roeding Site 2, 30 ft.
M. ferruginea Lamarck (]uvemle) Site 1la, reef flat
Mitra Site 3, 60 ft.
Neocancilla Papilio (Link) Site 2, 30 ft.
Vexillum cadaverosum Reeve) Site la, 20-30 ft.
. coronatum (Helbling) Site la, 20-30 ft.
. exasperatum (Gmelin) Site 2, 30 ft.
modestum (Reeve) Site la, 20-30 ft.

<<l

Conidae (Cones)
Conus aulicus Linnaeus Site la, 20-30 ft. _
balteatus Sowerby Site la, reef flat; 3, 30 ft.
coronatus Gmelin Site la, reef flat
distans Hwass Site 1, 30 ft.; w. 30 ft.; 4, 40-50 ft.
ebraeus Linnaeus Site 2, 30 f{t.
eburneus Hwass Site la, reef flat; 2, reef flat
flavidus Lamarck Site la, reef flat; 2, reef flat; 4, reef flat
generalis Linnaeus Site 2, 30 ft,
eographis Linnaeus Site 1la, 20-30 ft.
litoglzphus Hwass Site 1, 30 ft.; 2, 30 ft.
lividus Hwass Site 3, reef flat and 30 ft. .
miles Linnaeus Site la, 20-30 ft.; 2, reef front; 3, 30 ft.
miliaris Hwass Site la, reef flat and 20-30 ft.
moreleti Crosse Site la, 20-30 ft,
musicus Hwass Site la, 20-30 ft.

Ialalalalalalalolalalaialolg)



Table 12. Continued.

C. planorbis Born Site la, 20-30 ft.

. pulicarius Hwass Site la, 20-30 ft.

rattus Hwass Site la, reef flat

sponsalis Hwass Site 2, reef flat C
striatus Linnaeus Site la, 20-30 ft.; 2, 30 .ft.
tessulatus Born Site la, 20-30 ft. L
virgo Linnaeus Site la, 20-30 ft.

lolalolalalal

Terebridae (Auger Shells)
Terebra subulata (Linnaeus) Site 2, 30 ft.

Bivalvia (Clams)
Arcidae
Arca Site la, reef flat
Barbatia Site 3, reef flat

Limidae )
Lima annulata Lamarck Site 2, 30 ft.; 3, 30 ft.

Chamidae
"Chama Site 2, 30 ft.
Carditidae o
Cardita variegata Brufiere Site 3, 30 ft.
Cardiidae o
Fulvia tenuicostata (lamarck) Site la; 20-30 ft.; 3, 30-60 ft.: 4,
30-50 1. - -

Tridécnidae (Giant Clams) T |
Tridacna maxima (Roeding) Site 1, 30 ft.; 2 'reéf flat; 4, 30-50 ft.

Veneridae
Lioconcha Site la, 20-30 ft. :
Periglypta puerpera (Linnaeus) Site 4, 30-50 ft..

Echinodermata (Schinodermos)

Holothuroidea
Holothuriidae (Sea Cucumber)
Actinopyga echinites (Jaeger) Site 2, reef flat
A. mauritiana (Quoy and Gaimard) Site 2, reef flat
Bohadschia argus Jaeger Site 2, reef flat; 4, reef flat
Holothuria atra Jaeger Site 2, reef flat; 4 reef flat
H. edulis Lesson Site 4, 30-50 ft. o
E. leucospilota: (Brandt) Site la, reef flat; 2 reef flat; 4 reef flat

Stichopidae :
Stichopus cholorontus Brandt Site la, reef flat; 2 reef flat
Thelenota ananas Site 1, 30-50 ft.

Echinoidea (Sea Urchin)
Diadematidae
Echinothrix diadema Site 3, 30 ft.




Table 12. Continued.

Echinometridae - A
Echinometra mathaei (Blainville) Site 2, reef flat; 3, reef flat

Asteroidéa (Sea Stars)
Acanthasteridae : : IR
Acanthaster planci (Linnaeus) Site 1, 30-50 ft.; 3, reef front

Oreasteridae . Lo
Culcita novaeguineae Muller and Troschel Site' 1, 30-50 {ft.; 3, reef
front R

Not Observed, ‘But Known To Be.An Important Resource EOff‘Bah‘i;:a Laulau
‘Panularus sp. (Spiny Lobster, 3 species)

Scylla'ridae (Slipper Lobster, 8 genera)



Table 13. Fish species observed at Bahia Laulau, Saipan, November 3-7, 1982.
Asterisks indicate generally desirable food species.

K K KX F R K KR K K KR X X XN

Chamorro ‘ Site
FAMILY/SPECIES Name 1 2 3
ACANTHURIDAE (Surgeonfishes)
Acanthurus achilles Shaw be
A. glaucoparieus Cuvier Hugupau.' -~ x b X x
A. lineatus (Lmnaeus) Hiyuk C0x x X x
A. mata (Cuvier) < X x
A. n1gr1caudu Dunker and Mohr ' : x
A. nigrofuscus (Forsskal) Hugupau x x x x
A. olivaceus Bloch and Schneider Hugupau X X X
A. pyroferus Kittlitz ) x X x
A. thompsoni (Fowler) x
A. triostegus (Linnaeus) Kechu X X X
Ctenochaetus binotatus Randall . X
C. striatus (Quoy and Gaimard) Hugupau b4 X X
Naso brevirostris (Valenciennes) X X
N. hexacanthus (Bleeker) ’ Guasa X b3
-N. Tituratus (Bloch and Schneider): Hangun X x x
N. oEez Topezi Herre ' : . X
N. unicornis (Forsskal) ~Tataga X
- Paracanthurus hepatus (Linnaeus) x
. Zebrasoma flavescens (Bennett) Ababang x xi
APOGONIDAE (Cardinalfishes)
"Apogon novemfasciatus Cuvier Lansi X X x
‘A, sp. Lansi X.
‘Cheilodepterus macrodon (Lacepede) Lansi x"
AULOSTOMIDAE (Trumpetfishes)
~ Aulostomus chinensis (Linnaeus) Badyak _ x
BALISTIDAE (Triggerfishes)
Balistipus undulatus (Park) X x. x
Melichthys vidua (Solander) Pulunun x X X
Odonus niger (Ruppell) Pulunun X e
Rhinecanthus aculeatus (Linnaeus) Pulunun X X
"R. echarpe (Lacepede) x
Sufflamen bursa (Bloch and Schneider) Pulunun x x
S. chrysopterus (Bloch and Schneider) Pulunun x X x
BLENNIIDAE (Blennies)
Exallias brevis (Kner) Maching x
Meiacanthus atrodorsalis (Gunther) Maching x x x
Plagiotremus tapeinosoma (Bleeker) Maching x
Salarias fasciatus (Bloch) : Maching x



Table 13. Continued.

Chamorro o Site
: FAMILY/SPECIES Name 1. 2 3 4
Blenniid sp. 1 Maching - X
Blenniid sp. 2 Maching L x
CAESIONIDAE (Fusiliers) ' Lo
Caesio caerulaureus Lacepede Bonita x x x X
C. tile Cuvier and Valenciennes Bonita X N
C. xanthonothus Bleeker Bonita X x
Pterocaesio chrysozona Cuvier Bonita x X b4
CARANGIDAE (Jacks, Pompanos) :
* Caranx :fnélampygus Cuvier Ee, Tara_ki{to; % x
* C. sexfasciatus Quoy & Gaimard Mamulon - ~: & I'x :
CHARCHARHINIDAE (Requiem Sharks) i
Charchaf]:iinus melanopterus Haluu X
CHAETODONTIDAE (Butterflyfishes) CE
Chaetodon' auriga Forsskal Ababang Tox X X
C. bennetti Cuvier ‘Ababang .= . = X
C. citrinellis Cuvier Ababang . . x x X
C. ephippium Cuvier Ababang . . x x b4
C. lineolatus Cuvier Ababang . o x
C. Iunula (Lacepede) Ababang = - x. x X x
E. mertensii Cuvier Ababang P < X
C. ornatissimus Cuvier Ababang XX X b4
C. punctatofasciatus Cuvier Ababang X x X X
C. gquadrimaculatus Gray Ababang - X x x
C. reticulatus Cuvier Ababang X x X X
C. trifasciatus Park Ababang X x
C. ulietensis Cuvier Ababang X X X
C. unimaculatus Bloch : Ababang - X X X
Forcipiger flavissimus Jordan and McGregor Ababang X X x
F. longirostris (Broussonet) Ababang X
Megaprotodon trifascialis (Quoy and Gaimard) Ababang X Tx x x
CIRRHITIDAE (Hawkfishes)
Cirrhitichthys falco Randall x X
Neocirrhites armatus Castelnau b4 x
Paracirrhites arcatus (Cuvier) X b'e X x
2. forsteri (Bloch and Schneider) x' x x x
DASYATIDAE (Stingrays)
Taeniura melanospilos Bleeker Hafula x




Table 13. Continued

Chamorro " Site
FAMILY/SPECIES Name 1 2 3
GOBIIDAE (Gobies)
Amblyeleotris steinitzi (Klausewitz) Maching " : X X
Nemateleotris magnifica Fowler Maching = © X X
Pogonoculius zebra Fowler Maching ' X b4
Ptereleotris evides (Jordan and Hubbs) Maching .- X
Valencienna puellaris (Tomiyama) Maching - X
y_. strigatus (Broussonet) Maching X x X
- HAEMULIDAE (Sweetlips)
* Plectorhynchus orientalis (Bloch) Hamala x
‘HEMIRAMPHIDAE (Halfbeaks)
- * Hemiramphus dussumijeri (Valenciennes) Anko, Hankut x
HOLOCENTRIDAE (Squirrelfishes)
* Adioryx caudimaculatus (Ruppell) Suksuk X
* A. ruber (Forsskal) - Suksuk X
* A, spinnifer (Forsskal) Sesiok X x
* Flammeo opercularis (Valenciennes) Chalak x:
* F. sammara (Forsskal) Chalak x- x
¥ Myrpristis berndti Jordan and Evermann Sagsag X x
* M. murdjan (Forsskal) Sagsag X x
‘LABRIDAE (Wrasses)
Anampses caeruleopunctatus Ruppell Aaga x X x
A. meleagrides Valenciennes Aaga x
A. twistii (Bleeker) Aaga x’ x
Bodianus axillaris (Bennett) x:
* Cheilinus celibicus Bleeker Aaga X
* C. unifasciatus Streets Aaga Cox X x
* C. trilobatus Lacepede Lalatsa-Mamati % x
* C. undulatus Ruppell Tanguisun s
* Cheilio inermis (Forsskal) Aaga X
Cirrhilabrus sp. Aaga X . x
Coris aygula Lacepede Aaga x ‘ x
* C. gaimard (Quoy and Gaimard) Aaga x x
* Epibulus insidiator (Pallas) Aaga x X
Gomphosus varius Lacepede Aaga x X X
Halichoeres biocellatus: Schultz Aaga x ' be
H. hortulanus (Lacepede) Aaga x X x
H. margaritaceus (Valenciennes) Aapga X X X
H. marginatus Ruppell Aaga X x
H. scapularis (Bennett) - Aaga X
H. trimaculatus (Quoy and Gaimard) Aaga x x
* Hemigymnus fasciatus (Bloch) Aaga X X

Y



Table 13. Continued.

Chamorro e Site
: FAMILY/SPECIES Name L. 2. 3
melaEterus (Bloch) Aaga : x
Hologymnosus doliatus (Lacepede) Aaga x L X
Labrichthys unilineatus (Guichenot) Aaga S &
Labroides dimidiatus (Valenciennes) Aaga X X X
Macropharyngodon meleagris (Valenciennes) Aaga X X X
Novaculichthys taeniourus (Lacepede) Aaga x . % x
Pseudocheilinus evanidus Aaga R x
P. hexataenia (Bleeker) Adga X X X
Stethojulis bandanensis (Bleeker) Aaga L x x x
Thalassoma fuscum (Lacepede) Aaga X X X
T. lutescens (Lay and Bennett) Aaga Px X x
T. qulnﬁe\rlttatum (Lay and Bennett) Aaga B ST < x
LETHRINIDAE (Emperors) L f
* Gnathodentex ‘aureolineatus (Lacepede) Salagai , x: - x
* Lethrinus harak (Forsskal) Mafute X X
* L. semicinctus Valenciennes Mafute X
* Monotaxis igrandoculis (Forsskal) Matanhagon x.: - x X
LUTJANIDAE- (Snappers)
* Aphare\is— furcatus (Lacepede) X X
* Aprion virescens Valenciennes S X
* Lutjanus bohar (Forsskal) Tagafi x, . X
* L. fulvus (Bloch and Schneider) Kakaka Ce0x x
* E rivulatus (Cuvier and Valenciennes) x*.:‘_
* L. russelli (Bleeker) Sl X
* Macolor nigg‘r (Forsskal) S X X
MALACANTHIDAE (False Whitings)
Malacanthus‘__ Brevirostris Guichenot x
M. latovittatus (Lacepede) i p
MONACANTHIDAE (Filefishes)
Cantherhines pardalis (Ruppell) X x X
Oxymonacanthus 10ng1rostr1s (Bloch and Schneider) '
Hagonfa Ha x
Pervagor melanocLhalus (Bleeker) X
MUGILOIDIDAE (Sand Perches)
Parapercis cephalopunctata (Seale) X x x
P. clathrata Ogilby x X X



Table 13. Continued

Chamorro. : Site
FAMILY/SPECIES Name 1 2 3
MULLIDAE (Goatfishes)
* Mulloides flavolineatus (Lacepede) Tiao or ' . x x
* M. vanicolensis (Valenciennes) Salmonete ' X
* Parupeneus barberinus (Lacepede) Salmoniti-, . x
* P, bifasciatus (Lacepede) Salmoniti -~ x b4 b4
* P, chryseredros (Lacepede) " Amariyu X
* P, pleurostigma (Bennett) x x
* 2 poryphyreus Jenkins : x
ok P. trifasciatus (Lacepede) Salmoniti x x X
MURAENIDAE (Moray Eels)
Lycodontis sp. Titugi x
 NEMIPTERIDAE (Monacle Breams) '
’?“Scolopsis cancellatus (Cuvier) Sihig x
OPICHTHIDAE (Snake Eels)
Myrichthys colubrinus (Boddaert) " Hagman-Lisado X
'PEMPHERIDAE (Sweepers)
: Pempheris oualensis Cuvier %
POMACANTHIDAE (Angelfishes) )
‘,Apolemichthys trimaculatus (Cuvier) Ababang - X o
Centropyge flavissimus (Cuvier) Ababang - X a X
C. hearaldi Woods and Schultz Ababang X -
C. shepardi Randall and Yasuda Ababang x 00X
Pygoplites diacanthus (Boddaert) Ababang X X
Pomacanthus imperator (Bloch) Ababang o X
POMACENTRIDAE (Damselfishes) .
Abudefduf septemfasciatus (Cuvier) Doddo X . x
A. vaigiensis (Quoy and Gaimard) Fohmo X.
"Amblyglyphidodon aureus (Cuvier) Fohmo X X X
Amphiprion clarkii (Bennett) Fohmo x x
Chromis acares Randall and Swerdloff Fohmo X x
agilis Smith Fohmo b'e
C. caerulea (Cuvier) Fohmo x
C margaritifer Fowler Fohmo x
xanthura (Bleeker) Fohmo x X x
Chry51ptera biocellatus (Quoy and Gaimard) Fohmo X x
C. glaucus (Cuvier) ‘ Fohmo x



Table 13. Continued

Chamorro a Site
: FAMILY/SPECIES Name 1. 2 3 4
C. leucopomus (Lesson) - Fohmo X x x
C. traceyi {(Woods and Schultz) Fohmo L XD x
Dascyllus- aruanus (Linnaeus) Fohmo X
D. reticulatus (Richardson) Fohmo X S x
D. trimaculatus (Ruppell) Fohmo X
Plectroglyphidodon dickii (Lienard) Fohmo Lx X x
P. imperipennis (Valliant and Sauvage) Fohmo . L x
P. johnstonianus Fowler and Ball Fohmo : o x X
P, lacrymatus (Quoy and Gaimard) Fohmo X X %X x
Pomacentrus vaiuli Jordan and Seale Fohmo CX X x X
Pomachromis guamensis Allen and Larson Fohmo X X
Stegastes fasciolatus (Ogilby) Fohmo SXi. X x x
SCARIDAE' (Parrotfishes) S
* Cetoscarus bicolor (Ruppell) _ % X
* Scarus brevifilis (Gunther) L x
* S. frenatus Lacepede Lagua S
* S. frontalis Valenciennes Lagua R 4
* S. gibbus Ruppell Lagua TnLox X
* S. oviceps Valenciennes Lagua T x ‘
* S. psittacus Forsskal Palagsi S x x x
* S. rubroviolaceus (Bleeker) Lagua T X X b3
* S. schlegeli- (Bleeker) Lagua XX x x
* 8. sordidus: Forsskal Lagua XX X %
* S. tricolor Bleeker Lagua Cx
S. sp. R Lagua CX
S. sp. Lagua Do x
SERRANIDAE : (Groupers) i
* Cephalopholié urodelus (Bloch & Schneider) Gadao X X
- * C. sonneratus (Cuvier) Gadao X
* Epinephelus merra Bloch Gadao x
* Plectropomus leopardus (Lacepede) Gadao x .
* Variola louti’ (Bleeker) X -
SIGANIDAE (Rabbitfishes)
* Siganus argenteus (Quoy and Gaimard) Hiting x X
* S. spinus (Li;’maeus) Seyun x X
SYGNATHIDAE (Pipefishes)
Corythoichthys intestinalis (Ramsey) Hilitsi-Tasi x
SYNODONTIDAE (Lizardfishes)
Saurida gracilis (Quoy and Gaimard) Pipipu X X
Synodus variegatus (Lacepede) Pipipu



Table 13. Continued
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Chamorro Site
FAMILY/SPECIES Name 1 2 3 4
TETRAODONTIDAE (Smooth Puffers)

Canthigaster amboinensis (Bleeker) Botati x X

C. bennetti (Bleeker) Botati X

C. solandri (Richardson) Botati x x x

C. valentini (Bleeker) Botati x
ZANCLIDAE (Moorish Idols)

Zanclus cornutus (Linnaeus) AbabangE x b4 x x
TOTAL NO. FAMILIES = 35 23 31 28 1
TOTAL NO. SPECIES = 200 107 © 130 124 73
TOTAL NO. FOOD SPECIES = 75 35 51 38 27



Fish species observed on the reef flat at Sites 2 and 3, Bahla

Laulau, Saipan, November 3-7, 1982.

FAMILY/SPECIES

CHAMORRO NAME

ACANTHURIDAE (Surgeonfishes)

iAcanthurus nigrofuscus
A. triostegus

APOGONIDAE (Cardinalfishes)

- Apogon novemfasciatus

BALISTIDAE (Triggerfishes)

: : Rhinecanthus aculeatus

»BLENNHDAE (Blennies)

Salarlas fasciatus

CARANGIDAE (Jacks, Pompanos)

: C'aranx melampygus ‘

CHARCHARHINIDAE (Requiem Sharks)

A'Charcharhinus melanopterus

CHAETODONTIDAE (Butterflyfishes)

Chaetodon auriga
C. citrinellis
C. ', Tunula

HOLOCENTRIDAE (Squirrelfishes)

Adioryx spinnifer
Flammeo opercularis

LABRIDAE' (Wrasses)

Cheilinus trilobatus
Cheilio inermis
Halichoeres hortulanus
H. marginatus

H. trimaculatus
Stethojulis bandanensis

LETHRINIDAE (Emperors)

Lethrinus harak

Hugupaﬁ";‘f :
Kechu - /!

Lansi |\
Pulunun
wncing
Ee , Taraklto
e -

Abab;ang.: '
Abagang' -
Ababang. Lonnat

Sesiok
Chalak

Lalatsa-Mamati
Aaga
Aaga
Aaga
Aaga
Aaga

Mafute



Table 14.

Continued.

FAMILY/SPECIES

CHAMORRO NAME

" POMACANTHIDAE (Angelfishes)

LUTJANIDAE (Snappers)

Lutjanus fulvus

MULLIDAE (Goatfishes)

Mulliodes flavolineatus
Parupeneus trifasciatus

P, poryphyreus
MURAENIDAE (Moray Eels)

Lycodontis sp.
OPICHTHIDAE (Snake Eels)

Myrichthys colubrinus

Pomacanthus imperator

POMACENTRIDAE (Damselfishes)

. Abudefduf septemfasciatus
‘Chrysiptera biocellatus
C. leucopomus

C. glaucus

Pomacentrus vauili

SCARIDAE (Parrotfishes)

Scarus oviceps

S. psittacus
S. schlegeli

S. sordidus

SERRANIDAE (Groupers)

Cephalopholis sonneratus

SIGANIDAE (Rabbitfishes)

Siganus spinus

SYGNATHIDAE (Pipefishes)

Corythoichthys intestinalis

Kakaka

Tiao, Salmonete
Salmoniti, Acho

Titugi
Hagman—Lisado
Ababang

Fohmo, Doddo-
Fohmo

Fohimo

Fohmo-

Fohmo

Lagua
Palagsi
Lagua
Lagua

Gadao
Manahak, Seyun

Hilitsi-Tasi



Table 14. Continued.

. FAMILY/SPECIES

CHAMORRO ‘NAMES

SYNODONTIDAE (Lizardfishes)

' ‘Saurida gracilis

TETRAODONTIDAE (Smooth Puffers)

.~ Canthigaster bennetti
. C. solandri

ZANCLIDAE (Moorish Idols)

. Zanclus cornutus

Pipipu o

Botati .. ‘i
Botati = .

Abéb ang : Gup alao |



Table 15, Juvenile fishes observed during reconnaissance and transect dives

. at Bahia Laulau, Saipan, November 3 - 7, 1982. Numbers are
based on transect dives only. RF = Reef ‘Flat; RS = Forereef
Slope; Trophic groups: C = Carnivore, H: = Herbivore, O =

Omnivore.
SPECIES TOTAL RF# . RS# TROPHIC
NUMBER ;e GROUP

Acanthuridae (Surgeonfishes)

Acanthurus glaucoparieus 1 1 H

Acanthurus nigrofuscus 1 1 H

Acanthurus thompsoni 1 1 H

Acanthurus triostegus 1 1 H

Ctenochaetus striatus 1 1 H

Ctenochaetus binotatus 1 1 H

Naso lituratus 3 3 H
Apogonidae (Cardinalfishes)

Apogon novemfasciatus ' 4 4 - C

Apogon sp 6 6 ' C
Blenniidae (Blennies)

Meiacanthus atrodorsalis 1 o1 _ : C

Plagiotremus tapeinosoma 1 1 ' C

i 'Labri‘da'e:v (Wrasses) o

Cori aygula 1 1 C

Gomphosus varius 3 -3 C

‘Halichoeres hortulanus 1 o1 C

Halichoeres marginatus 3 3 A C

Halichoeres trimaculatus 3 3 ' C

Labrichthys unilineatus 2 -2 C

Stethojulis bandanensis 3 3 ' C
Lutjanidae (Snappers)

Lutjanus russelli 1 1 ;:' C
Pomacanthiﬂae (Angelfishes)

Pomacanthus imperator 1 1 . H



Table 15. Continued

SPECIES ’ TOTAL iRF# RS# - ~ TROPHIC

NUMBER - -+ i GROUP

Pomaceﬁfridae (Damselfishes)

Chrysiptera briocellatus 2

1 21 H

Chrysiptera leucopomus 5 1 4 H

Chrysiptera traceyi 1 1 H

Plectroglyphidodon lacrymatus 4 4 H

Pomacentrus vaiuli 5 5 0

Stegastes fasciolatus 1 '1}4 : H
Scarida-iéi (Pézrjrotfiéhes) P

Scarus ‘schlegeli 1 _ Bt H

Scarus sordidus 5 2 3 H

Scarus sp 1 1 RS H

Scarus sp 2 1 X H
Synoddnt;dae 1(Lizardfishes) »

Saurida gracilis 2 S R C
'TOTALS' : NUMBER  PERCENT OF TOTAL
Number of igIndividuals 86 4 B
Number of Species 31
Number of' Families 9
Number of Herbivores 17 © 55 L.
Number of Carnivores 13 42 -

Number of Omnivores 1 3



Table 16. Fish densities calculated for different depths and general reef zones
from line transect data compiled at Sites 2 and 3 Bahia Laulaun,
Saipan, November 3-7, 1982.

Transect B
Study Site Depth (m) Length (m) #spp/20 m? #indiv/20 m?
REEF FLAT:
Site 2 1 50 4.8 13.6
Site 3 1 100 3.2 5.6
Sites 2 and 3 1 150 3.7 8.3
 FOREREEF SLOPE:
Site 2 9 100 6.1 11.8
Site 3 9 100 9.5 22.8
Sites 2 and 3 9 200 7.8 17.3
Site 2 18 100 5.4 11.4
Site 3 18 100 9.4 27.6
Sites 2 and 3 18 _ 200 7.6 19.5
Site 2. . 9 and 18 200 5.8 11.6_
Site 3 ’ 9 and 18 200 9.4 25.2
Sites 2 and 3 9 and 18 400 7.7 18.4



Table 17, Fish densities calculated for different substrate categories from line
transect data compiled at Sites 2 and 3, Bahia ' Laulau, Saipan,
November 3-7, 1982, ‘ A

: 4 Transect R
STUDY SITE Depth (m) Length (m) #spp/20 m?  #indiv/20 m?
REEF FLAT: (Sites 2 and 3)
Shallows: 0.3 70 1.3 1.6
Depressions 0.3, 1 80 ,55..9 14.0
FOREREEF ‘SLOPE: - (Site 2)
Sand/Rubble’ 9 30 12500 2.0
Sand/Rubble - 18 20 1.5 1.5
Sand/Rubble“r : 9&18 50 1.8 2.0
Sand/RuBble with SRR
Rocks or Coral 9 40 500 e 11.0
Sand/Rubble with ' U e
Rocks: or Coral - 18 50 L4058 6.2
Sand/Rubble with R |
Rocks or Coral 9&18 90 AT L 8.3
Coral = - - 9 30 1.7 5 23.7
Coral .. 18 30 100350 25.3
Coral .7 9&18 60 11.0: & 24.5



APPENDIX R .
PLATES



1. View from Puntan Hagman looking down at Sité 1, ‘the
- potential site for the OTEC facility. - : % -

2. View from seaward locking in at the potential OTEC site.
This was a very calm day with little wave assault.




g,
g g b
49 bk
L ¥
ig <
| 5
mm N
£ 48,
or EE
£d 857
35 fxa
H il
. P .
Q 0 W -
$ ah
= S.mm
mm FEE:
B -
q & % 8lg
e -




Site la locking north across the reef ff_lat:“ ﬁo flie
beaches along the shore. S ?3. i

sand

Typical coral fommations found at a depth of 25 £
Site la.

eet at



mm s
: | )
) Lo
. ]
Bag :
S o
382 ;
am g
s o
2748 8
A w
B g
EE ;
g8 :
i g
§848 :
43 g .
g ® :
o5 :
g o]
i1 -
—
..mrr m%
; W
Zfa :
[0] o S
g
n S .
RJ
K



9. Site 3 looking souéheast across Bahia Laulau. Chamorro
'Village restaurant can be seen on the top of the cliff to
the right.

10. Typical underwater view taken at a depth of 40 feet at
Site 3.



1T. ZLooking south across Bahia Laulau to Site 4. The quarry
" below the airport is just to the right of Site 4. :

12. Underwater view of Site 4 taken at a depth of approximately
50 feet.
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