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CHAPTER 1

INTRODU CTION

Purpose and Scope of the Study

Originally the puipose of this study was {o determine the species
distribution of living corals, both hermatypic (reef-huilding secies) and
ahermatypic (nonreef-building species) on the fringing rcefs ¢f Guam (Fig. 1).
Preliminary field work for this study began in July, 1366, at vhich time a
éeneral survey was started and corals were collected from all the major reef
em)ironments of Guam. This collection phase, plus the taxonomy phase, was
continued until July, 1970.

In February, 1967, the sudden appearance of the cordl e: ting "crown-of-

thorns'" starfish, Acanthaster planci (Linnaeus), in above normal population
p

densities was noted along local portions of the relatively shel ered northern half
of Tumon Bay (Fig. 1). The subsequent depredation and resulting death oi large
numbers of reef corals by A. planci predicated the intensific: tion of coral
studies and collections in this region.

uring the summer of 1969 the scope of the work was chenged to include,
with the coral distribution work completed at Tumon Bay, a aescription of the
first observed A. planci population explosion in this same region. In addi:ion,
large sections of reef corals along the remaining northwestern coast of Guam
had been killed by A. planci (Chesher, 1969a, 1969b) and this work was
modified to serve as a basis of comparison for future reef recovery studies in
the area of destruction.

In Sfeptember, 1969, the University of Guam was awarded a grant by the

Tedera: Water Quatity Mdministration (FWQA) (15050 BULS b m'in'dy VATIO 1S
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reef parameters, including recef recovery, prior to the compiztion and
operation of a thermal steam clectric power plani at Tanguisson Point. Reef
recovery data ob ainced by the author, as a part of this grant, was incorpo1 ated
into this work.

The stady, thus, evolved into threc major parts, with thc first describing
the distribution of reef corals at Tumon Bay prior to depredation by A. plenci;
the second describing the first ohserved A. planci population :xplosion on Guam;
and the third describing coral distribution and recoveryv at Taguisson Point
afler depredation by A. planci. Because reef environments a. Tanguisson Point
and Tumon Bay, where A. planci infestations had killed corals, are very
similar in coral species composition and physical characteristics, the two
regions were comparable.

4

Review of the Literalure

Litile previous work has heen done on the fringing recefs »f Guam with
respect to coral distribution. Most of the studies invoiving tr ese reefs are
geological reports which deal mainly with various physical pa - ameters of the
reef complex.

Some coral collections were made on Guam and Saipan by Cloud (1954 1959)
during U. S. Geologic Surveys of the two islands. A list of gunera compil :d
from this collection was made by Wells (1954). This list dce  not discriminate
between Guam and Saipan. The above collection is deposiled n the U. S.
National Museum and was examined during the course of the jresent work,

The {ringing reefs of Guam were described by Traccy (1964), who con lucted
transeci and other reef studies during a geoiogic survey of the island. Phvsical
characteristics of fringing reefs at Tumon Bay and Tanguisson Point were
similar 1o those reported on in this study. As far as could be determined, no
systematic coral coliections were made during Tracey's work, but several

genera were listed by reel zones from "Reef Traverse 2, al Tumon Bay.'" The
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following genera were reported: (Reefl margin) Acropora, Pozillopora, Fevia,

and Millepora; (Reef flat) Porites in the outer part, and Acropora, Pavona, and

Pocillopora in th: inner part.

Other work on the reefs of Guam was done by Stearns (1€10), Cloud (1951),
and Tayama (1952). Coral distribution was not included in th::se studies. A
study of the marine geology of Guam was made by Emery (19(2), and includes
investigation of submarine slopes, lagoon floors, channcls thiough the frirging
reefs, beaches, and rocky shores.

Previous Acanthaster planci observations on Guam were jblished by

Chesher (1969a, 1969b). These reports decal with A. planci population
movementis, densities, feeding behavior, relative coral pred: tion rates,

contro] measures, and possible causative factors related to thve sudden increase
in numbers of the starfish in various Indo-Pacific regions. Chesher's
observations of A. planci began during the summer of 1968, cver one year after
the first population increase of the starfish was noticed. The intent of Chepter V
of this report is to bridge the gap between Chesher's starfish observations and

the first observed population increases of A. planci on Guam.

General Description of Guam

Guam is the largest and most southerly of the fifieen smell islands the ©
malke up the Mariana group in the western Pacific Ocean. Thea island's canital,
Agana, is located at latitude 13%28" N. and longitude 114%s5! T. Ttis 48.3
kilometers in length, and ranges in width from 6.5 Kilometerz2 at the narrow
central waist near Agana to 18.5 kilometers from Crote Poin. on the west to
Ylieg Bav on the east coast. The island has a land area of 51¢ square kilomelers.

The northern half of Guam, that includes the study area, is a limestone
plateau bordered on the coasts by steep cliffs that range in el2vation from more
than 180 m at the north end Ritidian Point) to less than 6¢ m at the centrally

located. narrow waist (near Agana). The litnestone is porous and no streams

o]

wre foundd an the northera platean, A fow inlermittent streans oceur in the
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argillaceous limestones of the central waist region. The wes ern and northern
coasts are borderced by fringing reefs, whereas the more windward eastern

coasts are borde ~ed by cul benches and narrow terraces.

Climate

The following summary of climate and rainfall daix is condensed from a
report found in "General Geology of Guam' (Tracey, 1964). (juam has a
warm, humid climate that is mainly determined by its oceano sraphic setting.
The island lies within the belt of westward-moving, warm hurniid air of the
tropics, which is produced between the subtropical anticyclon :s of the northern
and southern hemispheres. Variations in the weather are caused by cyclonic
eddies or whorls that form continuously, sweep westwerd, anl dissipate.
These disturbances may grow in size to become tropical storins or typhoons.
Thé-period from July to November includes the rainy months, January tfo
May is considered the dry season, and June and December ar: transitional
months. The mean annual rainfall on Guam ranges from less than 228.6 cm
in the lee of the mountains to more than 279.4 cm in the highecr mountain areas.

About two -thirds of the annual rainfall occurs during the rainy season.

Sea Water Temperawre

Sea water temperaturc at Apra Harhor, over a 10 year p:riod, rangec
o o ) :
between 27.2°C and 29.4 C. Months with average water temy-eratures abcve

28. e are July through October (Emery, 1962).



CHAPTER 1I

METHODS

Coral Distribution Studics

In any coral reef study that involves quantification and z¢' al analysis of
coral species, the field method to be employed to provide an ¢ ccurate
interpretation of the species composition encoutitered is a ma_or problem. A
review of the literature describing coral distribution on tropical fringing reefs
reveals thal nearly as many mefhods exist as there are studies. Almost all
studies involve the use of some type of transect lines or staticns that cross the
reef at right angles to the reef margin. Methods vary ;rom c. sual observations
at different reef zones, with a list of corals ohserved from eazh, to detailed
mapping of all corals which occur within measured guadrats n.ade across
various reef zones. The former method is less time consumiag, but does not
yicld quantifiable data. The latter method gives veryv detailed data, but is
extremely time consuming, and so limits the number of trans.:ct studies that
can be made in a specific length of time.

Tumon Bay and Tanguisson Point fringing reefs exhibit fa'rly distinct
physiographic zones that run parallel to the reef margin, but ¢ven so, a great
deal of variation occurs within these zones. For this reason, methods wer e
selected that would allow several transects to be made and at ‘he same time

yield quantifiable data representative of the species composition of the two study

regions. In view of the impending predation by Acanthaster pianci at Tumon
Bay, a single lin> transcct method, which is fairly rapid, was used there.
The extended reef studies at Tanguisson Point will be continued for at least

one yeav, ond possibly louger. fince this study also iavelves coral growth rates,
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and becausc coral growth rate studies involve mapping and measuring of specific
specimens over several time intervals, a station quadrat transect method was
used. Ii would h: ve been advantageous to use the same transcct method at both
study locations, hut time limitations prevented the use of botl. methods at

each location.

Tumon Bay

During the Tumon Bay study 27 field trips were made. TFrom these field
trips, 429 coral specimens, each with detailed habitat data, were collected;
physical and biological parameters were mapped and describe 1; and six reef
transects were completed using the single-line method. Two :ransect study
locations were selected: the first at Naton Beach, where three transects were
cempleted, and the second at Gognga Beach, where another three were
completad.

Figure 2 shows the location of the Naton and Gognga tranceccts in relation to
the various reef zones and to each other. The single line trar sect method used
there involved the placement of a line marked at 10 m interva's across the reef
sectlion to be studies (Fig. 3). From each 10 m section of the transect line the
following types of data were recorded: (1) transect line secticn number;

(2) substratum description, including physical characteristics and sediments;

(3) water depth at the scaward end of each 10 m section division; (4) specif ¢
names of all corals that lay beneath the line; (5) the diameter of the corallum
and the length of line section it occupied; and (6) growth form for each recorded
coral. Water depth was measured on the reef fiat by using a 3>iastic meler stick;
decper sectlions of the reef were measured with a depth gauge as shown on the
reef profile (Fig. 4).

During these studics at Tumon Bay, field nole entries we e made of A. planci
activities. The description of the population explosion at Tunrion Bay is a
chronological summary of these observations. Population counts of A. planci

wore made Ly snorkeling over various reef zones and counting the individunls
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within visual proximity. Quantative data was obtained by usir g the single ‘ine

transect method al the reef front near the Naton transect study area,

Tanguisson Point

Three permanent transects, using the station quadrat mczhod, were
established at Tanguisson Point. Figure 5 shows the location of these trarsects
on the reef in relation to the various recf zones. Stations we'e estiablished at
10 m intervals along the transects from the upper intertidal zone to a depth of
30 m on the seaward slope zone (Fig. 3). Depth measuremen s were deter mined
by using the same methods as those used at Tumon Bay, as s’iown on the reef
profile {Fig. 6). Transect stations were marked by driving a galvanized,
double-hcaded masonry nail into the reef surface, to which a 30 cm length of
red, plastic-coated copper wire was attached. Positive station identification
was accomplished by attaching a plastic tag, bearing an impressed station
number, to a wire loop at the end of each station wire.

Two quadrats, each 1 mz, were laid out by placing a poriable wire grid at
two positions around each transect station. At each transeci station the
southeast and northeast quadrats were arbitrarily given numb:rs (1) and (£)
respectively. Positioning of quadrat grids at each transect station was
established by using an underwater compass to find the north -eference. I'rom
each quadrat the following kinds of data were recorded: (1) transect statio1 and
quadrat numbers; and (2) specific name, growth form, and dizmeter of each

living coral within the confines of the quadrat grid.

Growth Form and Size Determination

The various coral growth forms diffcrentiated follow those described by
Wells (1956). A columnar form was added which differentiates an intermediate
mode of developinent between the massive and ramose forms. A subdivision
of ramose forms into corymbose, cespitose, and arborescent modes of

branching wos made (Fig. 7 through 12).
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IMig. 7. Coral growth forms, A. Massive form of Tavia ste'ligera. B
Encrusting form of Montipora hofimeisteri. thin layer growing
over dead Acropora branches.
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Fig. 8.

Coral growth forms. A. Foliaceous form of Porites (S.)
iwayamacnsis, plate-like expansion from the base ot a large
colony. B. Foliaceous form of Pavona decussata.
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Fig. 9. Coral growth forms., A. Flabellate form of Millepora platyphylia,
B. Columnar form of Porites (S.) convexa,

16



Fig. 10.

Coral growth forms.

A. Corymbose form of Acropora nasuia,

dorsal view. B. Side view of A.
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Fig. 11,

Coral growth forms. A. Ccspitose form of Porites cocosensis,

dorsal view.

B. Arborescent form of Acropora nobilis.
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Fig.

12,

19

B

Coral growth torms. A. Phaceloid form of Euphyliia glabrescens.
B. Solitary form of Fungia fungites.
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The diameter of individual coral colonies was meesured vith a meter stick
with moveable trammel points. The colony diameter measurzment was made at
the widest point <cross the corallum. If the colony shape wa: not circular, its
outline was skelched and several measurements of length an width were

recorded.



CHAPTER III
DESCRIPTIONS OF THE STUDY AREAS

For the purpose of reef description and coral distributior studies, the reef
platforin «nd slopes were divided into several zones and suhzones, based on
those described by Tracey (1964). These zonal reef division: were based on
various physical parameters such as degree of reef surface ¢xposure at high
tides, degree of reef surface submergence at low tides, amot nt of reef slope,
‘al'ld reef growth and erosional structures.

The biologic parameters have deliberately been omitted {rom the 'fring;ing'
reef descriptions of Tumon Bay and Tanguisson Point. This vas done because
Chapters IV and VI describe reef corai distribution by zones n detail, and
because future workers investigaling reef recovery would exgarience difficulty
in comparing structures and descriptions of former living coi al reefs with

those that have since been killed by Acanthaster planci.

The northern limestone plateau, which borders both stud:- areas, is very
porous, resulting in a well-developed Ghyben-Herzbery fresh -water lens
system. Water escapes continually along most sections of the intertidal zones
of both Tumon Bay and Tanguisson Point. This fresh water s:epage onto tie
reef flat is particularly noticeable along sandy beaches at low tide, where it
forms small rills. Emecry (1962) measured the fresh water s::epage along a
47 m section of Gognga Beach and found it to be 42,5 liters per second.
Analysis of beach samples from Tumon Bav and Tanguisson I’oint by Emery
(1962) shows that the sediments of this region are nearly 100 per cent biociastic
material, This is due to the absence of rivers and streams emptying onto the

reef flats of the study areas.
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Tumon Buy Fringing Reef

Tumon Bay (Fig. 2) is located along the northwest coast of Guam between
Ypao Point and I ijia Point. The fringing reef flat is a broad, crescent-shaped
limeston. platform, 3540 m in length, measured along the concave seaward
margin. It is relatively uniform in widih, ranging from 460 11 at Gognga Deach
to 480 m at Naton Beach. According to Tracey (1964), Tumon Bay was probably
formed by large scale slumping. This slumping action would provide a wide,
shallow platform upon which the Tumon fringing reef could dcvelop and explains
the general absence of wide reef platforms along other sectio.s of the northwest
coast (Tig. 1). At Ypao Point and Gognga Point, the fringing reef width
narrows to 50 m and 100 m respectively. At Tumon Bay, in:. beach to seaward
sequence, intertidal, reef flat, reef margin, reef front, subr.arine terrace,
and seaward slope zones are recognized and described.

¥

Intertidal Zone

This zone is the portion of the beach or shore that is covired by water at
high tide and exposed at low tide. Limestone cliffs border the: beach from Ypao
Point to the Ypao public beach and from Gognga Point to Gogn za Beach (Fis. 2).
At these two locations, plus a small patch of emergent limesi e located
between Ypao Beach and Naton Beach, the intertiidal zoae cons.ists of bare
limestone with well-developed seawall indentations called "nij.s' (Fig. 13)
along the more exposed seaward regions. The remaiunder of the heach consists
of unconsolidated sand and coral-algal-mollusc rubble. The wnajor fractioa of
the sand portion from the unconsolidated beach material consists of
foraminiferan tests, which are transported from the reef flat zone by wave
aclion and currents. TFresh water seepage is common along the inlertidal zone,

especially where it is backed by limestone cliffs or headlands



Fig. 13. A 'nip'" at the base of a sea cliff, located about 2 m above the reef
flat level at Amantes Point.
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Reef Flat Zone

This is the flat limestone platform that extends from the .ntertidal zone to
the wave-washed ceef margin. At Tumon Bay, the outer scav ard part of tae
reef flat is =lightly elevated in respect to the inner shorewaru section, and
consequently, at low tide, is often cxposed, while the inner p: rt retains water.
On this basis, the reef flat is divided into two subzones--an oiter reef flat
subzone that is exposed during low tide, and an inner reef flai subzone that is

covered by water at low tide. The inner water mass is here called the "moat."

Inner Reef Flat Subzone

This region of the reef flat is considerably wider than the outer reef flat
subzone and ranges in width from 380 m at Gognga transect t¢ 350 m at Naton
t'ransect. Unconsolidated sediments vary in thickness from a meter or more
nez;‘r the beach, {o a thin veneer of less than a centimeter nea~ the outer reef
flat. Local areas of bare rcef-rock are common, especially "vhere this subzone
grades into the outer reef flat subzone. Sand, gravel, coral-nlgal-mollusc
rubble, and small boulders make up the sediment composition. Sand and gravel
are more common along the inner (shoreward) half, with coral-algal-mollusc
rubble and boulders hecoming more abundant as the outer reei flat is apprcached.
The entire subzone is relatively flat, with a few cracke, holes, low mound s of
rubble, and shallow bowl-shaped depressions, but the general relief is usually
less than 50 cm. Figure 4 reef transect profile shows the water depth at high
and low tides across the subzone. The depth range across this transect profile
is fairly uniform for the entire length of the Tumon Reef, witk the exception of
the dredged swimming area at Ypao Public Beach, which is about 1 m deeper.
The deepest water on the inner reef flat occurs at the mid-poiat, about 150 m

from shore.
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Outer Rescef Flat Subzone

This subzone of the reef flat is exposed during lower tides and is bounded
on the shoreward side at low tide by the impounded water of the moat and on the
seawarc side by the reef margin, which is constantly awash. Figure 2 shows
that it varies considerably in width. In the vicinity of the Naton transects
(Fig. 2), it disappears completely because of a shallow chann:l that occurs
there. Unconsolidated sediments are nearly absent over the cuter, seaward
part of this region, except in small widely scattered shallow } ools where
boulders, sand, snd gravel accumulate. The inner, shorewa:d part usually has
scattered Loulders over the surface and, in some areas large boulder tracics
(Fig. 14), where it grades into the inner reef flat. The source of these boulders
is the reef margin and reef front, where living corals are brcken loose and
\;'orked shoreward by typhoon and other storm waves. A larg: accumulation of
bo&ldcrs have formed a small islet (Fig. 2) on the outer reef ‘lat between Naton
and Ypao beaches.

At low tide this subzone appears as a fiat limestone paveinent with very
little relief except for shallow pools a few centimeters decp, scattered bouvlders,
and larger pieces of reef-rock up to a meter in height broken from the mai-gin
and thrown up on the rcef by storm waves. The surface of the limestone
pavement is usually covered with a turf-like mat of filementor.s algae.
Foraminifera are abundantly distributed throughout this algal mat and are ‘he
main source of the buff-colored sand found over the reef flat ::nd beach.

Depth of water over the outer reef flat varies due w0 elevition differences,
The reef section between the boat channel and the shallow chainel immediztely
seaward of the small islet (Fig. 2) seems to be depressed in vespect to reef
seclions opposite Ypao and Gognga beaches. Since there are ao streams
opposite or shoreward of these channels Lo account for their crigin, the
depressed reef section between them may be due to a local faulting or sluniping

of the reef margin and ouler reef flat.



Tig. 14.

Boulder accuraulations on the Tumen Bay inner ree! flat where it
merges into the outer reef flat.
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Several patches of remnant limestone, composed of solution-pitted
pinnacles and knobs, are found on the outer reef flat near Ypao Point (Fig. 15).

This feature prol ibly represents a former reef platform of hizher elevation.

Reef Margin Zone

This zone is represented by the seaward edge of the reef {lat platform that
is constantly awash even at low tide. A poorly developed alga ridge is present
along most of the Tumon Bay reef margin except at Ypao Poin:, where a narrow,
elevated cresi rises about 50 to 75 cm above the generul cuter reef flat level
(Fig. 16). This algal ridge diminishes in height and disappea:'s completely
where the reef {lut widens east of Ypao Point. The algal ridg. developmen:
along this section of reef margin is probably due to its more rorthern exposure
dnd subsequent greater surf and wave action.

. The reef margin varies in width from 40 to 50 m along Tuvmon Bay. The
seaward edge is very irregular and is cut at right angles by st.ort surge
channels 1 to 3 m wide, 2 to 4 m deep, and up to 30 m in lengih. Some surge
channels coalesce and fuse at their upper margin, forming cas ernous chaniels
beneath the reef margin platforms (Fig. 17). Most of the cavernous channcls
open at intervals along the fusion zone, forming pools ¢nd oper cracks (Fig. 18).
In cross section, most surge channels are wider at the botton: than at the upnper
margin, which may be due parily to growth at the upper regior s and abrasion at
the base or floor, which conlains large, rounded boulders. Most boulders.
however, do not show evidence of consiant movement, becausc most are
encrusted with red algae and small coral growths. These bouiders are
probably moved about only during typhoons and slorms. Surg:e channels are
scparated by lobate elevations called spurs that slope seaward toward the rcef
front zone. The upper surface of the spurs is very irregular, with knobs,
pinnacles, and cracks, and in many places is h.oneycomhed with numerous

interconnecting holes.



Fig. 15. Remnant limestone patches. Solution pitted pinnaclzs and knobs
found on the outer reef flat at Ypao Point.

28



Fig. 16. Algal ridge development at Ypao Point. A. An oblique view of the
algal ridge looking toward Tumon Bay. B. An aerial view of A.
The algal ridge is located within the breaker zonc. Note the
prescuce of the well developed submarine grooves and buttresses
seaward of the algal ridge.
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Tig.

17.

B

Suree channels at Ypao Point.,

A. Outer (scaward) section of a

surge channel. Maximum widih is about 2 m. B. laner

(shoreward) scction of A.
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Fig. 18. Cavernous section of a surge channel which opens ai.d widens forming
a small pool 1 to 2 m in depth.
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The inner half of the reef margin, like the outer surface, is irregular
because of the presence of small knobs, pinnacles, holes, ancd pools. Shallow
extensions of the Jonger surge channels cut through the inner half of this zone

and terminate in small pools 1 to 2 m in depth.

Reef Front Zone

The reef front represents the extreme seaward edge of the reef flat
platform, where the reef margin abruptly increases in depth ¢r degree of slope.
This zone is constantly covered with water, The recef front is composed of the
seawarcd sloping cxtensions of the reef imargin spurs and surg: channels, which
are here referred to as the submarine butiresses and grooves respectively.
The point where the submarine buttresses and grooves terminate marks the
seaward boundary of the reef front. Generally, the 6 ra submarine contour
(ng. 2) coincides with the seaward limit of the recef front alor g Tumon Bay.
The reef front slope may be contiguous with that of the seawa:d slope zone, bui
at most locations along Tumon Bay these two zones are separ ited by a flatiened
region called the submarine terrace.

Width of the reef front zone is variable and ranges from (0 m at Nator
transect to 80 m at the Gognga transect location. Submarine irooves near ihe
reef margin are 2 to 5 m in depth and commonly branch into several secon lary
grooves or channcls. These grooves are wider at the bottom than at the tcp and
are relatively flat-floored, with large round boulders, coarse sand, and g-avel
scattercd along their length. Some submarine grooves widen from 5 to 15 m in
diameter, with large boulders covering their floors. Submar ne buttresses
slope scaward from 10O 10 150 and are extremely irreguiar ou the upper surface
due to the presence of coral-algal knobs, bosses, and pinnacl:s. At the
scaward half of this zone, these various types of prominences may have a rclief

of as great as 3 to 4 m.
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Submearme Cerrace Zone

The first submarine terrace represents a noticeably flaitzned region when
compared 1o the . eef [ront and seaward slope zones, which at Tumon Bay
begins at the 6 m contour interval and extends seaward to the 18 m contour
interval, wherc a sharp increase in the degree of slope mark:: the beginnirg of
the seaward slope (Fig. 2). Coral knobs and pinnacles are akundant on the
inner seaward half of the terrace, which gives its surface a topographic relief
similar to the outer reef front zone. Relief on the seaward h: If of the terrace
is generully less, ranging from 1 to 2 m, but occasionally sc: ttered coral
knolls and knobs may have a relief up to 4 m. A few shallow jrooves, abhout a
meter in depth, are found crossing the zcne at right angles ard usually connect
with decper grooves found cutting through the seaward slope. The floor of these
grooves is covered in places by a thin layer of sand and gravel. A large
fralction of the sediments found on the terrace is derived from various species

of Halimeda, which are green calcareous algae, and foramini ‘eran tests.

Seaward Slope Zone

At Tumon Bay this zone begins where the low angled slop: of terrace
abruptly increases in steepness. At the transect locations, tl e slope rang:as
from 30" tc 60° and averages 50 m in width. At the 30 to 35 1a depth, the slope
flattens, torming a second submarine terrace. Width of the sacond subma “ine
terrace was not measured, but it probably corresponds to the 32 m terracc
found by Emery (19G2) in several reef profile soundings arount the island.
Grooves and V-shaped valleys, inany of which are contiguous with those
mentioned on the outer part of the submarine terrace, cut acroiss the seaward
slope and terminate at the beginning of the second submarine terrace. These
features are controlled by, and probubly represent, remnants of a submerged
groove and butiress reef front system developed during a previous glacial ocean
stand. Fven though the degree of slope is greater than that of the submarine

terrace. accumubition ol sediments s greater in pockels, holas, valleys, :md
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grooves of this zone. Distinct linear sediment tracks can be raced from tahe
upper part of the slope to the second submarine terrace below., Although depth
of sediments was not measured at the second terrace, visual observations
made with SCUBA cquipment indicate a considerable accumulction at the bz se
of the slopc.

Topographic surface relief is much less on the slope than on the first

submarine terrace,

Tanguisson Point Fringing Reef

Tanguisson Point study area (Fig. 1) is located north of 7umon Bay between
Amantes Point and Tanguisson Point. The fringing reef platfc rm along this
section of coastline is relatively narrow (Fig. 5) when compar ed with Tumon
i3ay (Fig. 2). It ranges mn width from 70 m at transect A to 110 m at transect C.
Th‘i's section of the coast is bordered by limestone cliffs (Fig. 19) and the
fringing reef has a westerly exposure to the sea similar to the northern part
of Tumon Bay. :

The description of the zones here is hased on the same p! ysical parameters

as is that of Tumon Bay. Distribution of coral in the above zines is discus sed

in Chapter VI.

Intertidal Zone

The intertidal zone bordering the transect locations is conposed of ba -e
limestone, with the exceplion of a sandy section at Naval Comimunication S.ation
swimming heach, and another small sandy section between trinsects B and C.
Al transect B this zone is 40 m wide and consists of limestone ridges, knobs,
and pinuacles, separated by numerous interconnecting channe'’s (Fig. 20).
These channels are relatively flat-floored and at about the saiae general level
as the reef flat., The upper half of the emergent structures is exposed during
high tide and is deenly solution-pitfed, Relief of the emergen: structures

ranges from about a meter at the shoreward side to 20 ¢cm on the scaward side,



Fig. 19.

Acerial views ol Tanguisson Point fringing reefs.

A
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A view toward

the south. Tumon Bay is in the background. B. A view toward the

north. NCS swimming beach is in the foreground.
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Fig. 20. Intertidal zone al Tanguisson Point, {ransect B.
o



where the structures grade into the reef flat. Several smallcre patches of he
above structures are also found near transect C. Unconsolidited sedimen's
arc scarce alony the bare rocky regions, except for local pat:hes of coarse
gravel and boulders. Sediments at the two sandy beach areas are composed
mostly of sand. which is largely composcd of worn {foranminiferan tests. At low
tide fresh water can be seen escaping from the inlertical zonc and at sandy
locations it forms small rills similar to those described by Emery (1962) at

Gognga Beach.

Recf Flat Zone

Inmer Reef 1'lat Subzone

) The inner reef flat subzone, unlike that of Tumon Bay, is poorly developed
at ;uransccts A and C and is absent altogether at Transect B. During low tide at
transects A and C, a few shallow, irregular-shaped pools and a depressed zone
north of iransect C retain water and constitute tbe moat of the inner reef fiat.
The floors of these pools are irregular and contain coarse‘ orevel, boulder s,
and scattered emergent limestone patches. At NCS Beach, witer is retained at
low tide, but this is partly due to dredging and blasting and do2s not represent

natural conditions.

QOuter Reecf Flat Subzone

This subzone is more cextensive than the inner recef flat ard represents most
of the reef platform (Fig. 5). . At transect B, where no inner reef flat occurs, it
extends from the recef margin to the intertidal zones and is 60 m wide. At
transects A and C. the subzone width is 40 m and 79 m respectively.

At low tide, the exposed platform is a flat pavement with very little relief.
A few smzll shallow pools (10 to 20 em deep) are widely scattcred over the
surface. Scdiments are scarce and accumnlate only in the small scattered

pools. An aleal turfl covers most of the surface and contains many foraminifera,
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Reef Margin Zone v

The reef margin is slightly elevated, about 30 cm above the outer reef flat
level, and forms a low, poorly-developed algal ridge, however, algalA ridge
development is grealer at transcct B. Obscrvations immediately seaward of
transecct B show that the degree of reef front slope is less than at transects A
or C, causing greater wave agitalion, thus enhancing aigal ricge development.
The reel margin width is fairly uniform and, at the transect locations, ranges
from 20 to 30 m. Surge channel development and other featur 2s of the reef

margin are similar to those described for Tumon Bay.

Reef Front Zone

. The recf front at the Tanguisson transect location is quitc similar in all
respects lo that described at Tumon Bay, with the exception of submarine
buttress development. At Tanguisson the bufiresses are similar in size ard
degree of seaward siope io those ai Tumon Bay, bui the upper surlace has a
reduced development of coral-algal knobs, bosses, and pinmacles. Relief of
these features is as great as 3 1o 4 m at Tumon Bay, whereas at Tanguisscn it
seldom is over 2 m. Reduction in size or development of the: e prominenc 2s
gives the recf front at Tanguisson a smoother, more reguiar surface. Recl

front width ranges from 70 m at transect A, to 50 m at transcet C.

Submarine Terrace Zone

This zone ranges in width from 40 m at transcet €, to 11) m at transect B.
The shorevward margin of this zone begins at the 6 meter conlhur similar to
Tumon Bay, bui the seaward margin, where the stecp scaward slope begins, is
located at the 8 to 10 m contour. Relief of the surface featur »s ranges from
110 2 m. Occasional coral mounds or pinnacles atiain a relief of 3 m.  Shallow
channels up to a meter in width and depth cut across the surface at the same
locations.  T'he major dilfercence between the submarine teveaces al Tumon Day

(4%

and Tanguisson Point is that the former has a greater relief <f surface
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structures such as coral-algal knobs, hosses, pinnaclcs, and shallow grooves.
Reduced development of surface features gives the terrace sur-face at
Tanguisson a mo: ¢ unifornm, flattened appearance. Scdiments are found in
localized patches, in holes, in cracks, and in shallow channe.s. These

sediments consist mostly of rounded boulders, coarsc sand, :nd gravel.

Seaward Slope Zone

At the seaward margin of the submarine terrace, the deg 'ee of slope
abruptly increases and sharply differentiates the seaward sloj e from the
terrace. Degree of slope is greater at the Tanguisson study ¢ rea than at
Tumon Bay. Width of this zone at the three transect locations averages 60 m.
The stecp seaward slope flattens into a second submarine ter: ace at about the
530 to 35 m depth. This second terrace probabiy corresponds to the 32 m
textrace found at Tumon Bay. Other characteristics, such as sediments and
surface topographic features are like those described for the ransect

localities at Tumon Bay.



CHAPTER 1V

DISTRIBUTION OF CORALS PRICR TO THE ACANTHAST ER PLANCI
POPULATION EXPLOSION AT TUMON BAY

Coral distribution at Tumon Bay is bascd upon specimen ¢ ollections, field
observations, and transect data from Naton and Gognga reefs. By April 4,
1969, a toial of six {ransect studies of the rcef flat, reef mar;iins, and reef
front zones of northern Tumon Bay were completed prior to A. planci
depredaiion of reef corals. Numerous coral collections werc also made during
this per:iod of time. Another set of transect studies was origiially planned for
the more windward southern half of Tumon Bay (Fig. 2), hut upon investigation
during November, 1968, it was found that reef corals of this region were alrcady
heavily damaged by A. planci. Fortunately, fairly complete coral collections
and reef front descriptions were made in this region during July, 1968.

A check-list of corals observed on the transects and collccted from the
study areas is compiled in Table 1. The classificaiion of the scleractinian
corals listed in the table follows thatl developed by Wells (195¢), The table
shows that 150 species representing 36 genera were coilected and observec.

Of the total number, 143 specics representing 31 genera are bermatypic
scleractinian corals, 2 species representing 2 genera are ahc:z‘lmatypic
scleractinian corals, and 5 species representing 3 genera are nonscleractinian
corals. The number of ahermatypic scleractinian corals collected or observed
at Tumon Bay is low because collections and observations we: e not made to
depths grcater than 15 m, nor were any dredging operations carried out on the

seaward slopes.
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Table 1. Check list of corals that were observed on the transects and collected
from the study area at Tumon Bay and Tanguisson Point fringing reefs.

[* indicates that the specimen was collected, # indicates a species
which was observed on the transect, + indicates a species which was
observed in the study area, ++ indicates a species which was identified
from dead corals at Tanguisson Point. The locality and reef zone in
which the coral was observed or collected (University of Guam catalog
number is included if specimen was collected) follows the symbol.
The following reef zone abbreviations are used: IRF, inner reef flat;
ORF, outer reef flat; RM, reef margin; RF, reef front; ST, submarine
terrace; and SS, seaward slope. ]

Class ANTHOZOA
Subclass ZOANTHARIA
Order SCLERACTINIA
Suborder ASTROCOENIINA
Family ASTROCOENIIDAE
Subfamily ASTROCOENIINAE

Genus Stylocoeniella
Stylocoeniella armata (Ehrenberg, 1834)
* Tumon Bay - 307,IRF; 850, 851, ORF; 464, 650, RM
* Tanguisson Point - 1555, RF
# Tumon Bay - ORF, RM, RF
# Tanguisson Point - RF, ST, SS

Family THAMNASTERIIDAE

Genus Psammocora
Psammocora contigua (Esper, 1797)
* Tumon Bay - 39, 40, 41, 42, 43, 201, 202, 279, 325, 942, IRF
# Tumon Bay - IRF, ORF, RM
Psammocora exesa Dana, 1846
* Tumon Bay - 30, 31, 236, 1156, IRF
# Tumon Bay - ORF
# Tanguisson Point - RF
++ Tanguisson Point - SS
Psammocora nierstraszi van der Horst, 1921
# Tumon Bay - ORF, RM, RF
# Tanguisson Point - RM, RF, ST
Psammocora profundacella Gardiner, 1898
* Tumon Bay - 835, IRF; 940, ORF; 521, 522, 523, 1162, 1163,
1331, RM
# Tumon Bay - IRF, ORF
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Table 1 continued.

Psammocora stellata (Verrill, 1866)
* Tumon Bay - 75, 76, IRF
Psammocora verrilli Vaughan, 1907
* Tumon Bay - 639, 640, 641, 1171, RM
Subgenus Stephanaria
Psammocora (S.) togianensis Umbgrove, 1940
* Tumon Bay - 1307, RF
# Tumon Bay - RF
+ Tumon Bay - ST, SS
++ Tanguisson Point - SS
Subgenus Plesioseris
Psammocora (P.) haimeana Milne Edwards and Haime, 1851
* Tumon Bay - 77, 78, 196, 272, 273, IRF; 1176, RM
# Tumon Bay - RM
# Tanguisson Point - SS

. Family POCILLOPORIDAE
Genus Stylophora
Stylophora mordax (Dana, 1846)
# Tumon Bay - RM, RF
# Tanguisson Point - RF, ST
+ Tumon Bay -~ ST, SS

Genus Seriatopora
Seriatopora hystrix (Dana, 1846)
# Tumon Bay - RF

Genus Pocillopora

Pocillopora brevicornis Lamarck, 1816
# Tumon Bay - ORF, RM, RF

Pocillopora damicornis (Linnaeus, 1758)
* Tumon Bay - 50, 87, 88, 191, 192, 203, 204, 280, 312, 313,

314, 320, IRF; 1260, RM

Pocillopora danae Verrill, 1864
* Tumon Bay - 542, 1334, RM; 539, 540, 542, RF; 530, ST
# Tumon Bay - RM, RF
+ Tumon Bay - ST, SS

Pocillopora elegans Dana, 1846
* Tumon Bay - 1297, RF
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Table 1 continued.

Pocillopora eydouxi Milne Edwards and Haime, 1860
* Tumon Bay - 10, 11, 12, 13, 14, 538, 1206, RF
# Tumon Bay - RF
# Tanguisson Point - RF
+ Tumon Bay - ST, SS
+ Tanguisson Point - ST
Pocillopora ligulata Dana, 1846
* Tumon Bay - 526, 1333, RM; 541, RF
* Tanguisson Point - 1599, 1600, RF
Pocillopora meandrina Dana, 1846
* Tumon Bay - 1336, RM; 1335, 1340, RF.
# Tumon Bay - RM, RF
# Tanguisson Point - ORF, RM, RF
Pocillopora setchelli Hoffmeister, 1929
* Tumon Bay - 1337, 1338, 1339, RF
# Tumon Bay - RM, RF
# Tanguisson Point - RM
' Pocillopora verrucosa (Ellis and Solander, 1786)
* Tumon Bay - 257, 1159, 1332, RF
# Tumon Bay - RM, RF
# Tanguisson Point - RM, RF, ST, SS
+ Tumon Bay ~ ST, SS
Pocillopora sp. 1
# Tanguisson Point - ORF, RF, ST

Family ACROPORIDAE

Genus Acropora

Acropora abrotanoides (Lamarck, 1816)
* Tumon Bay - 137, 255, 256, 831, 1164, 1173, 1174, 1175, 1341, RF
# Tumon Bay - RM, RF
# Tanguisson Point - RF

Acropora acuminata Verrill, 1864
* Tumon Bay - 210, 211, IRF; 1134, ORF
# Tumon Bay - IRF, ORF

Acropora arbuscula (Dana, 1846)
* Tumon Bay - 209, IRF

Acropora aspera (Dana, 1846)
* Tumon Bay - 73, 74, IRF
# Tumon Bay - IRF, ORF

Acropora brueggemanni (Brook, 1893)
* Tumon Bay - 832, 833, 834, ORF; 1160, 1161, RM
# Tumon Bay - ORF



Table 1 continued.

Acropora corymbosa (Lamarck, 1816)
* Tumon Bay - 1350, RM
# Tumon Bay - RM, RF
# Tanguisson Point - RF, ST
Acropora cuneata (Dana, 1846)
* Tumon Bay - 1256, ORF
# Tumon Bay - ORF
Acropora diversa (Brook, 1891)
* Tumon Bay - 620, ORF
Acropora hebes (Dana, 1846)
* Tumon Bay - 281, IRF; 1169, 1170, RF
Acropora humilis (Dana, 1846)
* Tumon Bay - 22, RM; 1558, 1566, RF
# Tumon Bay - RF
# Tanguisson Point - RF, SS
Acropora hystrix (Dana, 1846)
* Tanguisson Point - 1550, RF
# Tumon Bay - RF
# Tanguisson Point - RM, RF
Acropora kenti (Brook, 1892)
+ Tumon Bay - ST, SS
++ Tanguisson Point - SS
Acropora lutkeni Crossland, 1952
* Tumon Bay - 1259 RM
Acropora monticulosa (Bruggemann, 1879)
* Tumon Bay - 545, 1346, 1347, RF
Acropora murrayensis Vaughan, 1918
# Tumon Bay - RM, RF
# Tanguisson Point - RM, RF
Acropora nana (Studer, 1879)
* Tanguisson Point - 1549, RF
# Tumon Bay - IRF, RM, RF
# Tanguisson Point - RM, RF
Acropora nasuta (Dana, 1846)
* Tumon Bay - 317, 318, 319, 323, IRF; 837, 838, 1135, 1136,
1137, 1138, 1139, 1140, 1141, 1142, 1143, 1145, ORF; 263, RM
# Tumon Bay - IRF, ORF, RM, RF
# Tanguisson Point - RM, RF
Acropora nobilis (Dana, 1846)
* Tumon Bay - 1178, IRF
Acropora ocellata (Klunzinger, 1879)
* Tanguisson Point - 1559, 1560, 1561, 1562, RF
# Tumon Bay - RM, RF

44
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Table 1 continued.

Acropora palifera (Lamarck, 1816)
+ Tumon Bay - ST, SS
++ Tanguisson Point - SS
Acropora palmerae Wells, 1954
* Tumon Bay - 1348, RF
# Tumon Bay - RM, RF
# Tanguisson Point - RM, RF
Acropora rambleri (Bassett Smith, 1890)
+ Tumon Bay - ST, SS
++ Tanguisson Point - SS
Acropora rayneri (Brook, 1892)
+ Tumon Bay - ST, SS
++ Tanguisson Point - SS
Acropora smithi (Brook, 1893)
* Tumon Bay - 133, 134, 135, 136, 1300, RF; 1342, ST
# Tumon Bay - RF
# Tanguisson Point - RF
+ Tumon Bay - ST, SS
Acropora squarrosa (Ehrenberg, 1834)
* Tumon Bay - 23, RM
* Tanguisson Point - 1553, 1557, RF
Acropora murrayensis Vaughan, 1918
# Tumon Bay - RM, RF
# Tanguisson Point - RM, RF
Acropora surculosa (Dana, 1846)
* Tumon Bay - 1146, 1147, ORF; 836, 1438, RM; 254, 1349,
1438, RF; 1352, ST
# Tumon Bay - ORF, RM, RF
#Tanguisson Point - RF, ST
+ Tumon Bay - ST, SS
Acropora syringodes (Brook, 1892)
* Tumon Bay - 1148, 1149, 1150, 1151, 1152, ORF: 465, 1158,
1353, RM
* Tanguisson Point - 1551, 1552, 1563, 1564, RF
# Tumon Bay - RM, RF
Acropora valida (Dana, 1846)
* Tumon Bay - 535, 536, 537, 548, 1344, RF
# Tumon Bay - RF
# Tanguisson Point - RF
Acropora sp. 1
* Tumon Bay - 1165, 1166, RM; 1167, 1168, RF
# Tumon Bay - RM, RF
# Tanguisson Point - RF
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Acropora sp. 2
* Tumon Bay - 531, RF
# Tumon Bay - RF
Acropora sp. 3
* Tumon Bay - 821, 822, 823, 824, RF

Genus Astreopora
Astreopora gracilis Barnard, 1896
# Tumon Bay - RF
# Tanguisson Point - RF, ST
+ Tumon Bay - ST, SS
Astreopora listeri Bernard, 1896
* Tumon Bay - 218, IRF; 466, 467, ORF
Astreopora myriophthalma (Lamarck, 1816)
* Tumon Bay - 331, IRF
. # Tumon Bay - IRF, RF
# Tanguisson Point - ST
' Astreopora sp. 1
* Tumon Bay - 1207, IRF

Genus Montipora

Montipora acanthella Bernard, 1897

* Tumon Bay - 237, IRF
Montipora composita Crossland, 1952

* Tumon Bay - 481, 482, RF
Montipora conicula Wells, 1954

* Tumon Bay - 524, 525, 617, 618, 1356, 1358, RM

# Tumon Bay - RF

# Tanguisson Point - RF
Montipora elschneri Vaughan, 1918

* Tumon Bay - 616, 1355, RM
Montipora floweri Wells, 1954

* Tumon Bay - 549, 550, RF
Montipora foveolata (Dana, 1846)

# Tumon Bay - RF

# Tanguisson Point - RF, ST
Montipora granulosa Bernard, 1897

# Tanguisson Point - RF
Montipora hoffmeisteri Wells, 1954

# Tumon Bay - RM, RF

# Tanguisson Point - RF
Montipora lobulata Bernard, 1897

* Tumon Bay - 194, 195, 276, 277, 278, IRF; 1179, ORF

# Tumon Bay - ORF, RM
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Montipora monasteriata (Forskaal, 1775)
# Tumon Bay - RM, RF
# Tanguisson Point - RF
Montipora patula Verrill, 1869
* Tumon Bay - 844, 845, 846, 847, ORF
Montipora planiuscula Dana, 1846
* Tumon Bay - 206, IRF
Montipora spumosa Lamarck, 1816
* Tumon Bay - 273, IRF; 635, 636, RM
Montipora stilosa (Ehrenberg, 1834)
* Tumon Bay - 528, 529, 1354, RF
Montipora tuberculosa (Lamarck, 1816)
# Tumon Bay - RF
# Tanguisson Point - ST
Montipora verrilli Vaughan, 1907
* Tumon Bay - 647, 648, 649, RM; 527A, 1357, RF
# Tumon Bay - RM, RF
# Tanguisson Point - RM, RF, ST, SS
Montipora verrucosa (Lamarck, 1816)
# Tumon Bay - RF
+ Tumon Bay - ST, SS
Montipora sp. 1 .
# Tumon Bay - RF
# Tanguisson Point - RF, ST, SS
Montipora sp. 2
# Tumon Bay - RF
# Tanguisson Point - RF
Montipora sp. 3
* Tumon Bay - 1253, RM
# Tumon Bay - IRF, RM
# Tanguisson Point - ST
Montipora sp. 4
# Tumon Bay - RF
# Tanguisson Point - RF, ST
Montipora sp. 5
# Tanguisson Point -~ RF
Montipora sp. 6
# Tanguisson Point - RF, ST
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Suborder FUNGIINA
Superfamily AGARICIICAE
Family AGARICIIDAE

Genus Pavona
Pavona clavus (Dana, 1846)
* Tumon Bay - 1359, RF
# Tumon Bay - RM, RF
# Tanguisson Point - RF, ST
+ Tumon Bay - ST, SS
Pavona decussata Dana, 1846
* Tumon Bay - 308, 309, 310, 311, IRF
# Tumon Bay - IRF, ORF
Pavona divaricata (Lamarck, 1816)
. * Tumon Bay - 32, 33, 89, 326, IRF
Pavona frondifera Lamarck, 1816
3, * Tumon Bay - 21, 44, 45, 51, 52, 53, 54, 55, 57, 58, IRF
Pavona varians Verrill, 1864
* Tumon Bay - 215, 216, IRF; 840, 843, ORF; 637, 638, RM
# Tumon Bay - ORF, RM, RF
# Tanguisson Point - RF, ST
Pavona sp. 1
* Tumon Bay - 758, 759, 760, 855, 856, 857, RM
Subgenus Pseudocolumnastrea
Pavona (P.) pollicata Wells, 1954
* Tumon Bay - 1302, 1303, RM
# Tumon Bay - RM, RF
# Tanguisson Point - RF
Subgenus Polyastra
Pavona (P.) planulata (Dana, 1846)
* Tumon Bay - 220, 221, 222, 223, RM
# Tumon Bay - RF
Pavona (P.) obtusata (Quelch, 1884)
* Tumon Bay - 90, 212, 213, 214, IRF; 1250, 1251, ORF
# Tumon Bay - ORF
Pavona (P.) sp. 1
* Tumon Bay - 34, 35, 207, 839, IRF
# Tumon Bay - ORF, RM
Pavona (P.) sp. 2
* Tumon Bay - 198, IRF; 607, 608, 609, 610, RF
Pavona (P.) sp. 3
# Tanguisson Point - RF, SS
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Genus Leptoseris

Leptoseris hawaiiensis Vaughan, 1907
# Tumon Bay - RF
# Tanguisson Point - SS

Leptoseris incrustans (Quelch, 1886)
* Tumon Bay - 219, RM; 828, 829, 830, RF
# Tumon Bay - RM
+ Tumon Bay - ST, SS

Genus Pachyseris
Pachyseris speciosa (Dana, 1846)
+ Tumon Bay - ST, SS
+ Tanguisson Point - SS
++ Tanguisson Point - SS

’ Family SIDERASTREIDAE

Genus Coscinaraea
Coscinaraea columna (Dana, 1846)
# Tumon Bay - RF
# Tanguisson Point - RM
++ Tanguisson Point - SS

Superfamily FUNGIICAE
Family FUNGIIDAE

Genus Cycloseris
Cycloseris cyclolites (Lamarck, 1801)
* Tanguisson Point - 1567, SS
# Tanguisson Point - SS
Cycloseris sp. 1
* Tanguisson Point - 1568, ST
# Tanguisson Point - RF, ST

Genus Fungia

Fungia fungites var. incisa Doederlein, 1902
* Tumon Bay - 442, 443, RF

Fungia fungites var. stylifera Doederlein, 1902
* Tumon Bay - 1305, RF
# Tumon Bay - RF

Fungia scutaria Lamarck, 1801
* Tumon Bay - 825, 826, RF



50
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Superfamily PORITICAE
Family PORITIDAE

Genus Goniopora
Goniopora columna Dana, 1846
* Tumon Bay - 478, ST
# Tanguisson Point - ST, SS
+ Tumon Bay - ST, SS
Goniopora sp. 1
* Tumon Bay - 322, IRF
# Tumon Bay - IRF, RF
++ Tanguisson Point - SS
Goniopora sp. 2
* Tumon Bay - 1257, 1258, RM
# Tumon Bay - RF
Genrus Porites
" Porites annae Crossland, 1952
* Tumon Bay - 269, 270, ORF
# Tumon Bay - IRF
Porites australiensis Vaughan, 1918
* Tumon Bay - 1308, RM
# Tumon Bay - RF
# Tanguisson Point - RF, ST
Porites cocosensis Wells, 1950
* Tumon Bay - 17, 208, 274, 275, 332, 757, 837A, 841, 941, IRF
# Tumon Bay - IRF, ORF
Porites compressa Vaughan, 1907
* Tumon Bay - 79, 80, 81, 82, 83, 84, 85, 86, 324, 513, 514, IRF
# Tumon Bay - IRF, ORF
Porites duerdeni Vaughan, 1907
* Tumon Bay - 852, ORF
Porites lichen Dana, 1846
* Tumon Bay - 46, IRF; 1252, ORF
Porites lobata Dana, 1846
# Tumon Bay - RF
# Tanguisson Point - RF, ST
Porites lutea Milne Edwards and Haime, 1851
* Tumon Bay - 91, 96, 97, 188, 189, 190, 193, 266, 321, 509,
510, 511, 512, 515, 516, 517, 518, 848, 849, 1153, 1154, IRF;
267, 268, 505, 506, 507, 508, ORF; 1360, RF
# Tumon Bay - IRF, ORF, RF
# Tanguisson Point - RM, RF, ST, SS
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Porites murrayensis Vaughan, 1918
* Tumon Bay - 532, 533, 534, RF
Porites sp. 1
* Tumon Bay - 614, 615, 1361, RM
* Tanguisson Point - 1648, RF
# Tumon Bay - RM, RF
# Tanguisson Point - RM, RF, SS
Porites sp. 2
* Tanguisson Point - 1490, 1491, SS
# Tumon Bay - RF
Subgenus Synaraea
Porites (S.) convexa Verrill, 1864
# Tumon Bay - RF
+ Tumon Bay ~ ST, SS
+ Tanguisson Point - SS
. Porites (S.) hawaiiensis Vaughan, 1907
# Tanguisson Point - SS
5 + Tumon Bay - ST, SS
Porites (S.) horizontalata Hoffmeister, 1925
# Tanguisson Point - SS
+ Tumon Bay - ST, SS
Porites (S.) iwayamaensis Eguchi, 1938
* Tumon Bay - 234, IRF; 503, 504, RF
# Tumon Bay - RF
# Tanguisson Point - ST, SS
+ Tumon Bay - ST, SS
Porites (S.) sp. 1
* Tumon Bay - 501, IRF

Genus Alveopora
Alveopora verrilliana Dana, 1872
* Tanguisson Point - 1570, ST
# Tumon Bay - RF

Suborder FAVIINA
Superfamily FAVIICAE
Family FAVIIDAE
Subfamily FAVIINAE

Ganus Favia
Favia favus (Forskaal, 1775)
* Tumon Bay - 258, 259, 1364, 1365, 1367, RF; 1366, ST
# Tanguisson Point - RF, ST
+ Tumon Bay - ST, SS
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Favia pallida (Dana, 1846)
# Tumon Bay - IRF, ORF, RF
# Tanguisson Point - RM, RF, ST, SS
Favia speciosa (Dana, 1846)
# Tumon Bay - RF
Favia stelligera (Dana, 1846)
* Tumon Bay - 140, 620A, RF
# Tumon Bay - RM, RF
# Tanguisson Point - RM, RF, ST
+ Tumon Bay - ST, SS
Favia valenciennesii (Milne Edwards and Haime, 1850)
* Tumon Bay - 253, IRF
# Tanguisson Point - ST

Genus Favites
«  Favites abdita (Ellis and Solander, 1786)
* Tumon Bay - 264, 265, ORF
# Tumon Bay - RF
Favites complanata (Ehrenberg, 1834)
* Tanguisson Point - 1601, ST
# Tumon Bay - RM, RF
# Tanguisson Point - RF, ST, SS
+ Tumon Bay - ST, SS
Favites favosa (Ellis and Solander, 1786)
# Tanguisson Point - ST
Favites flexuosa (Dana, 1846)
# Tanguisson Point - SS

Genus Plesiastrea
Plesiastrea versipora (Lamarck, 1816)
* Tumon Bay - 546, 547, 1362, 1363, RF
* Tanguisson Point - 1639, RM
# Tumon Bay - RM, RF
# Tanguisson Point - RM, RF
++ Tanguisson Point - SS
Plesiastrea sp. 1
# Tumon Bay - RM, RF

Genus Goniastrea
Goniastrea parvistella (Dana, 1846)
# Tumon Bay - RM, RF
# Tanguisson Point - RF, ST
Goniastrea pectinata (Ehrenberg, 1834)
# Tanguisson Point - ST, SS
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Goniastrea retiformis (Lamarck, 1816)
* Tumon Bay - 49, 94, 95, 328, 329, 330, IRF; 612, 613, 1368, RF
# Tumon Bay - IRF, ORF, RM, RF
# Tanguisson Point - RM, RF, ST

Genus Platygyra

Platygyra rustica (Dana, 1846)
* Tumon Bay - 37, 38, 235, IRF
# Tumon Bay - RF
# Tanguisson Point - RF, ST

Platygyra sinensis (Milne Edwards and Haime, 1849)
* Tumon Bay - 1369, RF
* Tanguisson Point - 1568, RF
# Tumon Bay - RF
# Tanguisson Point - RF, ST

Genus Leptoria
' Leptoria gracilis (Dana, 1846)
* Tumon Bay - 36, IRF; 1372, RM
* Tanguisson Point - 1603, 1647, RF
# Tumon Bay - ORF, RM, RF
# Tanguisson Point - RM, RF, ST
Leptoria phrygia (Ellis and Solander, 1786)
* Tumon Bay - 271, 334, 827, IRF; 139, 611, 1370, RF
* Tanguisson Point - 1602, 1646, RF
# Tumon Bay - ORF, RF
# Tanguisson Point - RM, RF, ST

Genus Hydnophora
Hydnophora microconos (Lamarck, 1816)
* Tumon Bay - 543, 544, RF
# Tumon Bay - RM, RF
# Tanguisson Point - RF
++ Tanguisson Point - SS

Subfamily MONTASTREINAE

Genus Leptastrea
Leptastrea bottae (Milne Edwards and Haime, 1849)

* Tumon Bay - 92, 93, 224, 327, IRF
Leptastrea purpurea (Dana, 1846)

# Tumon Bay - RM, RF

# Tanguisson Point - RF, ST, SS
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Leptastrea transversa (Klunzinger, 1879)
* Tanguisson Point - 1571-1, RF
# Tanguisson Point - ST, SS
Leptastrea sp. 1
# Tumon Bay - RF
# Tanguisson Point - RF, SS
+ Tumon Bay - ST, SS

Genus Cyphastrea
Cyphastrea serailia (Forskaal, 1775)
# Tumon Bay - RF
# Tanguisson Point - RF
++ Tanguisson Point - SS
Cyphastrea sp. 1
# Tumon Bay - RF
7 # Tanguisson Point - RF, SS

Gehus Echinopora
Echinopora lamellosa (Esper, 1787)
* Tumon Bay - 479, 480, 1306, RF
# Tumon Bay - RF
# Tanguisson Point - RF, SS

Genus Disploastrea
Disloastrea heliopora (Lamarck, 1816)
# Tumon Bay - RF
+ Tumon Bay - ST, SS
+ Tanguisson Point - ST, SS

Family OCULINIDAE
Subfamily GALAXEINAE

Genus Galaxea

Galaxea fascicularis (Linnaeus, 1758)
* Tumon Bay - 56, IRF; 1254, RM
# Tumon Bay - ORF, RM, RF
# Tanguisson Point - RF, ST, SS

Galaxea hexagonalis Milne Edwards and Haime, 1857
* Tumon Bay - 642, 643, 644, 645, 646, RM
# Tumon Bay - RM, RF
# Tanguisson Point - RF, ST, SS
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Family MUSSIDAE

Genus Lobophyllia

Lobophyllia corymbosa (Forskaal, 1775)
# Tumon Bay - RF
# Tanguisson Point - SS

Lobophyllia costata (Dana, 1846)
* Tumon Bay - 24, 25, 26, 27, IRF; 138, 260, 261, 262, 1304,

1373, RM

# Tumon Bay - RF
# Tanguisson Point - RF, ST

Genus Acanthastrea
Acanthastrea echinata (Dana, 1846)
* Tanguisson Point - 1645, RF
. # Tumon Bay - RF
# Tanguisson Point - RF, ST

Family PECTINIIDAE

Genus Echinophyllia
Echinophyllia asper Ellis and Solander, 1786
# Tanguisson Point - SS
Suborder CARYOPHY LLIINA
Superfamily CARYOPHYLLIICAE
Family CARYOPHYLLIIDAE
Subfamily CARYOPHYLLIINAE
Genus Paracyathus

Paracyathus sp. 1
* Tumon Bay - 640A, RM

Genus Polycyathus
Polycyathus verrilli Duncan, 1889
* Tumon Bay - 1386, ORF

Subfamily EUSMILIINAE

Genus Euphyllia
Euphyllia glabrescens (Chamisso and Eysenhardt, 1821)
* Tumon Bay - 47, 48, 205, 316, 333, IRF
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Subclass OCTOCORALLIA
Order COENOTHECALIA
Family HELIOPORIDAE

Genus Heliopora
Heliopora coerulea (Pallas, 1766)
* Tumon Bay - 28, 29, 306, IRF; 605, 606, 1374, RF
# Tumon Bay - IRF, ORF, RF
# Tanguisson Point - ST
+ Tumon Bay - ST, SS

Class HYDROZOA
Order MILLEPORINA
Family MILLEPORIDAE

Gehus Millepora
Millepora dichotoma Forskaal, 1775

# Tumon Bay - RF
# Tanguisson Point - RF
+ Tanguisson Point - ST
Millepora exaesa Forskaal, 1775
# Tumon Bay - RF
# Tanguisson Point - RF, ST
Millepora platyphylla Hemprich and Ehrenberg, 1834
* Tumon Bay - 141, 519, 520, 1177, 1205, 1375, RM; 527B,
546A, 1157, RF
# Tumon Bay - ORF, RM, RF
# Tanguisson Point - RM, RF
+ Tanguisson Point - ST

Order STYLASTERINA
Family STYLASTERIDAE
Subfamily DISTICHOPORINAE

Genus Distochopora
Distochopora violacea (Pallas, 1776)
* Tumon Bay - 551, RF; 460, 461, 462, 463, ST
# Tumon Bay - RF
# Tanguisson Point - RM
+ Tumon Bay - ST, SS
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Table 2 lists the {frequency distribution of coral species that ¢ ccurred by reef
zones on Naton and Gognga reef transccis. A total of 103 species representing
32 genera were < hserved on these transects.

Tigure 21 shows the distribution of geneva and species b: 10 m transect
scetlions and by reefl zones. Zonal distribution of corals at Gognga and Naton
transects was similar in number of genera and species, with 'he exception of
the outer reef flat zone at Gognga, which had 6 species and 4 3enera and two
transect sections without corals. In contrast, the outer reef {lat zone at
Naton had 2 maximum of 13 species and 8 genera and had sow e corals in all
sections. The low number of coral species at the Gognga outl :r reef flat zone
is due {5 the cxposure of this zone during the lower tides, wh:reas at Naton
this zone is slightly lower in elevation and is usually covered with water.

e

Intfertidal Zone (5 meters wide)

No living corals were found in this zone at the study region due to reef
surface exposure during Jow tides, although on the windward side of the
island, near Catalina Point (Fig. 1), raised bench pocis locatad several meters
above high tide level conlained living corals. Several sections of coastline with
similar pools are found along Tumon Bay at Saupon Point and Amantes Point
(Fig. 1), but here, because of the semi-windward orieatation of the shore. the

pools are not constantly awash as they are at Catalina Point.

Recf Flat Zone (460 to 480 meters wide)

Based on reef surface exposure during low tides, this zoiie is subdiviced

into inner and outer reef {lat subzones.

Inner Reoel TFlat Subzone (350 to 380 meters wide)

The shoreward 220 m section of this subzone is, in most places, nearly

barren ¢f conals. Living coral covering the reef surface of this section

(Mg, 27) shows a range of from 0 to 5 per cent. the reef sur-face is

18]



Table 2. TFrequency distribution of coral specfes at the combined Naton
and Gognga transects, Tumon Bay, by reef zones.
[Species are listed inorder of decreasing frequency
of occurrence when all zones are combined. ]

Inner reef Outer reef Reef Reef All zones
flat flat margin front comhined
Name of Coral
No. of Relative No. of Relative No. of Rclative No. of Relative No. of Relative
coralla per cent coralla per cent coralla per cent coralla per cent coralla per cent

Acropora nasuta 5 .79 106 18.96 255 49.32 53 3.32 419 12.69
Acropora aspera . 268 42,61 85 15.21 —-—— v ——= -— 353 10.69
Pocillopora damicornis 133 21.14 41 7::33 19 3.68 — —— 193 5.84
Acyropora acuminata 93 14.79 86 15.88 -— —— —— - 179 5.42
Peammoecora contigua 62 9.86 99 L7, 7L 5 AT —— —— 166 5.03
Pecillopora verrucosa -——= _—— —— -—- 40 7.74 23 5.82 133 4,03
G.niastresa retiformis 7 1.11 41 7.33 11 2.13 56 3.51 115 3.48
Forites sp. 1 —— — — _—— 23 4.45 89 4,52 92 2.79
Aceapora nana 2 .32 —— — 43 S8 43 2.69 88 2.67
Poriies Iutea 21 3.34 29 6.98 —-— -—- 2 1.63 86 2.60
Al ntinora verriili — - ——— _— i 1.35 76 4.76 33 2.51
Galnxea hexagonalis -— -— -—= - 1 .19 77 4,82 78 2.36
Lentastrea purpurea —— - _— —— 2 .39 73 4,87 7% - 2.27
Tovia sieiligera ; -— - — _— S e " e on e <. 13
Acrcpora surculosa S -— 1 .18 10 1.93 57 3.57 68 2.06
Porites lobhata -— - - - —-—- -—— 55 3.44 55 1.67
Leptoria gracilis - -— 1 .18 4 77 41 2457 46 1.36
Pavona clavus -—- -— -—- —— 3 .58 42 2.63 45 1.36
AvronLord co. yiubosa - -~ ——— — 2 39 37 2,52 39 1.18
Aiilepora platyphylia - -—— 3 .54 15 2.90 19 1.19 37 1.12
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Table 2 continued.

Name of Coral

Inner reef
flat

Quter reef
flat

Reef
margin

Reef
front

All zones
combined

No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative
coralla per cent coralia per cent coralla per cent coralla per cent corallr per cent

Pocillopora setchelli T — — - 16 3.09 21 1.32 37 1.12
Porites (Synareca)
iwnyamaensis R— — S _— — - 34 2.13 34 1.03
Puvona varians -— — 3 .54 2 .39 25 1.5% 30 <91
A:licpora exacesa — — — . e _— 29 1.82 29 .88
Acropora sp. 1 e S - —_— 3 .58 23 1.44 26 .79
Pociilopora meandrina ——— —— —— ——— 5 .97 21 1.32 26 .79
Montipora sp. 1 — - - — — - 25 1.57 25 .75
Favites complanata s S —e . 1 .19 21 1.32 22 . 67
- Gopiastrea parvistella ——— - ——— ——— 5 .97 16 1.00 21 .64
‘ Pociilopora evdouxi -— - s -_— _— -— 21 1.32 21 .64
Stvicphora mordax —— S —— - 1 .19 20 1.25 21 . 64
Acropora ocellata —— R s - 6 1.16 14 .88 20 .61
.»‘:‘c.':'u;;xor humilis e - S . e —_— 18 1.13 18 .55
Acropora smithi -_— - — = — S 18 1.13 18 .55
- Cyvhastrea sp. 1 i s - - il . 17 1.06 17 .51
Acanthastrea cchinata S — _— T - . 1% 100 TR 4R
Favia pallida 1 .16 3 .54 -—- - 12 .75 16 .48
Pavena decussata 10 1.59 6 1.07 -~ -— -—- - 16 .48
Pavona (Polyastra) sp. 1 -— -— 14 2.50 1 «19 = S 15 .45
Acropora abrotanoides e . _— —— 1 .19 13 .81 14 .42
rories auswaliensis — — i i — _— 14 28 14 .42



Table 2 continued.

Name of Coral

Inner reef
flat

Outer reef
flat

Reef
margin

Reef
front

All zones
combined

No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative
coralla per cent coralla per cent coralla per cent coralla per cent corallr per cent

Porites (Synaraea) convexa

——— = i S— a2 e . s 14 . 88 14 .42
Acropora vallida o= B L S— = S 13 .81 13 -39
AMontipora conicula - —— = — — - 13 .81 13 .3
sIentipora verrucosa — - - . — - 13 .81 13 .39
Prlatygyra rustica S U " — - - 13 .81 13 .39
Plesiastrea versipora - -— -—- o 2 .39 11 .69 13 -39
AMontipora foveolata — —r — O . — ——— 13 .81 13 .39

. Acrepora palmerae e S A S 7 1.35 5 .31 12 .36
Cphastrea serailia R s s — s — 12 .75 12 .36
Porites cocosensis 10 1.59 2 .36 e i e —— 12 36
siviocoeniella armata - —_— 2 .36 2 .39 8 .50 12 : 30
iinophora microconos — — T - 1 .10 10 .63 11 .33
Plotygyra sinensis -— S S — —— — 11 . 69 11 .33
Ceaommeceora nierstraszi - —— 2 .36 2 .39 7 .44 11 .33
Jraommocora prefundacella 6 .95 5 .89 e S —— —-— 11 .33
Acvopora syringodes —_— — . —— 1 .19 9 . 56 10 .30
Twidn spoaitsn in &9 1n 30
AMontipora sp. 2 -_— ——— - ——— m—— - 10 .63 10 .30
Pocillopora hrevicornis - -—— 1 .18 4 77 5 .31 10 .30
Astreopora gracilis — . —— s ——— P 9 .56 9 .27
Lohophyllia corymbosa s - o — e P 9 .56 9 .27
Xeatisora YeffraefBtfert - - - ——— — 1 19 8 .50 9 .27
1 oatipora monasteriata ——— ——— e —— 2 .39 7 .44 9 .27
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Taxle 2 continued i

Inner reef Outer reef Reef Reef All zones
flat flat margin front combined

Name of Coral

No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative
coralla per cent coralla per cent coralla ner cent coralla per cent coralla ncr cent

Plesiastrea sp. 1 s e

-— —_— 1 .19 8 .58 g .27
Acropora murrayensis s T A S 1 .20 7 .44 3 .24
G:iaxea fascicularis —_— —_—— 1 .18 1 .19 6 .38 8 .24
Heliopora cocrulea 1 .16 1 .18 _— -—— 6 .38 8 .24
Monlipora tuberculosa S — _— i G SHe" 8 .8 8 .24
Gonfopora sp. 1 2 .32 i s - e 5 .3 7 .21
Liéjtastrea sp. S ——— S e s po 7 .44 7 =%
Looophyllia costata - — - e A " 7 .44 7 .21
Pavona (Pseudocolumnastrea)
pcilicata eh— —— - — 3 .58 4 .25 7 « 21
“Atcopoera brueggemanni - — 6 1.07  ——- . — - 6 .18
Acropora hystrix - - . e ——— N 6 .38 6 .18
Ce=zeinaraea columna e s e S S s 6 . a8 6 .18
Scrintopora hystrix = S e —— . S— 6 .38 6 18

Psammecora (Stephanaria)

lozianensis - P e e s " 8 .38 8 .18
Miricpora AiCiolonia e S e o e .28 A AR
Porites compressa 3 .48 3 .54 I i P AP 6 .18
As<treopora myriophthalma 1 .16 o e e _— 4 .25 5 .15
Pavona (Polyastra) planulata s e i . o o 5 .31 5 L i5
Pccillopora danae — PR iz i 1 .19 3 .19 4 £3- 12

- AlvLopora verrilliana s o — S = 3 .19 3 ~ .09
Gouniopora sp. 2 -—— S s e i i 3 .19 3 .09
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Tabie 2 continued. "

Inner reef Outer reef Reef Reef All zones

flat flat margin front combined
Name of Coral

No. of Relative No. of Relative No. of Relative No. of Relative No. of Relalive
coralla per cent coralla per cent coralla per cent coralla per cent coralla per cent

Lenioria phrygia - —— 2 .36

- - 1 .06 3 .09
Montipora lobulata - -— 2 « 56 1 =18 -— ——— 3 .09
Distichopora violacea -— - —— —— =i i 3 .19 3 .09
Ichinopora lamellosa —— - — e — —_— ——— 3 .19 3 .09
~iontipora sp. 3 1 .16 - — 2 3 ——— - 3 .09
Poriies annae 3 .48 ——— _— _— _— - -— 3 .09
Dinloastrea heliopora e - ——— _— _— - 3 19 3 .09
Funusia fungites var. stylifera  --- — —_— — e e 2 13 2 .06
Acvopora cuneata ——— —— 1 .18 — ——— - ——— 1 .03
Avropora sp. 2 —— ~— — — ——— _— 1 06 i 3
Tovites abdit —— - 1 .18 _—— —— e ——- 1 .03
Lepioseris hawaiiensis _— — — S = 2= 1 .06 i .03
I coseris inerustans ——— - _— ——— 1 .19 - —-—- 1 .63
T.vona (Polyastra) obtussata ——— -— 1 .18 _— — -— ——— 1 .03
Teviies sp. 2 — - —~— — — — 1 .06 1 .03
Auoitipora sp. 4 e - ——= -— -— — 1 .06 1 .03
PLainmocora exesa - —— 1 .18 — —— —— — 1 .03
Teammaceors (Ciccivseris)
aimeana : ——- -—- - _— 1 .19 - - 1 .03
Total 629 100.00% 559 100.00% 517 100.00% 1597 100.00% 3302 100.00%
Total species 18 29 44 - 84 103
Total genera it 14 18 32 32

29
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characterized by widely scaticred coral colonies, consisting mainly of brol.en
fragments that have been worked shoreward by storm waves fr om more
extensive, living reds found growing farthcer seaward ncar the outer reef flat.
Porites luica (Fig. 23), due to its massive size, is about the .nly coral found
in this section with any degree of stability during storms. Another factor
accounting for the paucity of living corals within this inaer bard is the presence
of unconsolidated sediments that are relatively unstable and that prevent coral
planula settlement. Most new colonies that do manage o settie, do so on
larger picces of coral rubble or boulders that are more stable.

The seaward 150 to 180 m section of this subzone is considerably different
from the shorewsard 200 m section, particularly in the percentage of reef
surface covercd by living corals. Planula settlement is enharced by the
presence of large areas of bare reef-rock, mounds of coral-a gal-mollusc
rubble, boulders, and a reduction in the quantity of unconsolidated sediments.
A sharp increase in percentage of coral cover, from a maxim'tm of nearly
5 per cent for the inner 200 m section to 57 per cent for the ot ter 150 to 10 m
section, is found. This sharpincrease in percentage of cover s not represanted
by a relative increase in the nurmber of species (Fig. 21), but is due to the

greater density of Acropora aspera and Acropora acum'nata. These two species

form large arborescent (staghorn) thickets, 1 to 20 m across [Iig. 24). Aiso
abundant in areas between and intermixed with the above thickats are finely

branched colonies of Pocillopora damicornis and Psammocora contigua. Less

common are large corals of massive and anastomosing ramos @ growth fori
which produce low convex, hemispherical, and circular flat-topped colonies
called microatolls (Fig. 25). These larger coralla attain diareters up to
several meters, but are limited in upward growth by the depth of the moat

during low tides. In or.er of their abundance, they are Porit:s lutea, Poriles

The above corals actually cover only a small percentage of the recf surface

when compared {o covorage by the arborescent Acropara species, hut they are

conspicuous and abundiunt in some sites. A particularly rich jrowth of



Fig. 23.

Large massive colony of Porites lutea found on the inner section
the inncr reef flat.

of
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Fig. 24.

A thicket of Acropora acuminata (staghorn) adout 1 in across. The
colony is Jocated on the outer (seaward) section of the inner reef
flat at Tumon Bay.

67



Fig. 25.

68

Large microatolls of Porites lutea on the inner reef flat at Tumon
Bay. The larger colony is about 4 m across and 20 to 30 cm hig.
Only the margin of the colony is living: the upper surface of the
colony is dead becausc of exposure at low tide.
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Pavona decussata and other corals is found along the limestor e cliff at Gognga

Point. Other regions with local concentrations of corals, other than Acropora
species, are locled between Gognga and Naton transects and the area seaward
of the dredged swimming zone at Ypao Beach.

Conspicuous mounds of Acropora rubble, interspersed ailong luxuriart
living patches, are formed when storm waves transport large quantities of
coarse sediments and cover entire arborescent patches. During a tropical

storm that occurred during November, 1967, numerous patches of Acropora

aspera and Acropora acuminata were partislly to completely overed with

coarse scediments and many were killed. Growth rates of the se arborescent
species seem to be high, judging from cohservations of axial yolyp regeneration
which occurred within a few weeks (0.5 cm new growth) wher : stem tips were
broken by this storm. Fast growth rates, plus recovery of tt e unburied branch
tips, explain the presence of living coral patches interspersed with dead mounds
and a general dominance of these species in unstable substrate environments,
Table 2 lists a total of 18 species representing 11 geners that were
encountered on the inner reef flat subzone portions of the Gognga and Natoa
transects. The total number of corals from the inner reef fl: t is increased to
48 species and 18 genera (Table 1) when a general collzction of specimens from
this zore is included. Relative frequencies of coral species from Table 2
indicate that four of the 18 species from the inner reef flat, /cropora asp.ra,

Pocillopora damicornis, Acropora acuminata and Psaramocora contigua,

account for 88 per cent of the 629 colonies cncountered on the transects., Four
of ihc 18 species were each represented by only one colony. The greatest
number of genera and species encountered on any one {ranscct section of the

recf flat subzone (Tig. 21), was 6 and 19 respectively at Naten transect.

Outer Reef IFlat Subzone (80 to 130 meters wide)

Due to recf surface exposure at low tide, this subrzone is conspicuously
barrven of corals (Wig. 26), execept where it crades into the inaer reef flat and

in scatici ed shatlow reel pools. At Gognga travsccei, the perentage of corals



Fig. 26. Barren outer reef flat at Ypao Point during low tide.

70
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covering the substratum (Fig. 22) drops from a high of 37 for the inner recf
flat to a Jow of 7 for the cuter reef flat. Two iransect sections (45 and 46)
at Gognga had no iiving corals present. Gognga transcct is more typical o’
outer rec! {lat coral distribution along Tumon Bay than is Naion transect. At
Naton transect, the reef floor is slightly depressed and a small shallow channel
cuts across the outer reef at the study area, which increases the water depth
there. The slightly decper water and increased current, due to water movement
in the channel, enhance coral developmeut of this zonce. This rich coral growth
at Naton gives Fig. 22 a trilobed appearance and explains the major differences
between the two transects.

Acropora aspera and Acropora acuminata patches are coiamnon where the

subzone grades into the moat of the inner reef flat. Low tide: limit upward
growth of these patches, giving them a flat-topped, clipped appearance (Fig. 27).
Intérsperced among the Acropora beds are shallow pools which contain abundant

colonies of Acropora nasuta, Goniastrea retiformis, Pocillopira damicornris,

Porites lutea, and Psammocora contigua. Less common are scattered colonies

of Acropora bruegzemanni, Pavona decussata, Pavona (Polyastra) sp. 1, and

Psammocora profundacella. Small encrusting patches of Stylycoeniella ar mata

are common in small cavities and on the bases of lurger cora.. The ceniral and
outer part of this subzone is a pavement-~like platform along riost of Tumo Bav
and has broad regions where corals are absent. Stunted growths of Porites lutea.

Tavia pallida, and Goniasirca retiformis occupy the margins »f widely sca iered

pools, a few centimeters in depth, over the central region. “These pools a1d
their inconspicuous corals account for the low number of species (Fig. 21) and
low percentage of coral (Iig. 22) covering the reefl surface fo~ transect sections
41 through 47 at Gognga transccis.

Table 2 lists 29 species representing 14 genera {rom the ouler reef flat
subzone. Eight species were collected in this 'subzone that were not represented
on the transects, which increases the tolal number of species to 37 and of

gonera ‘o 16.



Fig. 217.

Large flat-iopped thicket of Acropora aspera with the dead upper
surface exposed at low tide. The colony is located on the outer
recf flal where it merges into the moat of the inner reef flat at
Tumon Bay.

T2
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Four hundred eighty four coral colonies were recorded or the outer rezf
flat at Naton trunsect (Table 3), whereas at Gognga transect oily 75 colonies
were recorded iv the comparable area (Table 4). The targe namber of coril
colonies ¢cncountered at Naton transect was 1o be expected beciuse of habitat
characteristics which are similar to those found on the inner reef flat subzone.
Another factor which increases the number of colonies occurr ng there is

fragmentation, duc to sirong wave action, of ramose species «f Acropora rasuta

and Psammocora contigea. The deeper water at the outer recf flat at Naton

enhances continued growth of numerous fragments, whereas a Gognga mary of
the fragmentis are transported to the exposed part of the ocuter reef flat whiore
they are killed by exposure at low tide.

Coral diameter at Naton outer reef {lat transect is similar to that found on
the inner reef flat transect (Table 5), whereas at Gognga outer reef flat {ransect
coralla size decreases considerably (T'able 6). Decrease in corallum size is to
be éxpectcd because of the decreasc in the number of large arsorescent steghorn
patches that occur on the wave-washed cuter reef flat (fable & and 4).

Reef Margin Zone (40 meters wide)

This zone is constantly awash, even during the lowest tid::s, and is thc
region of greatest water agitation. It is sharply discriminated from the barren
outer reef flat by an increase in the number of coral speciez yer transect
section (Fig. 21), plus a similar increase in the percentage oi living coral:;
covering the reef surface (Fig. 22). Transition into th's zone at Naton is 1ot
distinct as is that af Gognga, but luxuriant coral growth in a saries of reef
margin pools increcases the coral covering the reef surface from 40 per cent for
the outer reef flat to a high of 52 per cent for the vreef margin (Fig. 21 and 22).
Three distinet habi.ails found in this zone are the well-lighited, upper sarfaces
of lobate spurs that scparate surge channels, the open surge channel walls and

pools, and the poorly-lighted, cavernous sections of surge ch:innels and pools.



Table 3. Distribution of coral growth forms by reef zones at Naton Transects, Tumon Bay.

Inner reef Quter reef Reef Reef All zones
flat flat margin front combined
CGrowth
form No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative
coralla per cent coralla per cent coralla per cent coraila per cent coralla per cent
Massive 18 5.1 44 9.1 38 9.3 170 23.8 270 13.8
Encrusting 2 6 12 2:5 37 9.1 121 16.9 172 8.8
IFolinceous 2 .6 3 .6 0 -—— 2 3 7 .4
Flahellate 1 .3 4 .8 10 2.5 25 3.5 490 2.0
Curvmbose 5 1.4 123 25.4 203 49.9 148 20.7 479 24,5
Caupsitose 119 33.9 132 27.3 119 29.2 186 26.1 556 28.4
Arborescent 204 58.1 152 31.4 0 -— 30 4.2 3836 19,7
Phaceloid 0 —_— 0 —-—— 0 —-——— 0 —_—— 0 e
Co:tmnar 0 - i4 2.9 0 —— 29 4,1 43 2.2
Solitary 0 - 0 -—— 0 - 3 .4 3 2
Total 351 - 100.0% 484 1uu. % 407 10U, V% (14 1wu. 0% 1956 100. 07

2/



Table 4. Distribution of coral growth forms bv reef zones at Gognga Transects, Tumon Bay.

Inner reef Outer reef Reef Reef All zones
flat flat margin front combined
Growth
form No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative
coraila per cent coralla per cent coralla per cent coralla per cent coralla per cent
Massive 23 8.3 34 45.3 1 9 236 26.7 294 21.8
Encrusting 0 —— 0 ——— 16 14.5 259 30.5 285 21. 2
Joeliaceous 8 2.9 2 2.7 0 -—= 0 - 10 T
Flubhellate 0 —_— 0 —— 0 —— 19 2.2 19 1.4
Covrvmbose 0 - 0 -—— 48 43.6 146 16.5 194 14.4
Cospitose 87 31.3 21 28.0 45 40.9 163 18.5 316 23.5
Arcorescent 160 57.6 i8 24.0 0 —— 23 2.6 201 14.9
Ilhiaseloid 0 0 ——— 0 - 2 2 2 o1
Coiumnar 0 - 0 -— Q —-— 25 2.8 25 1.9
Soiitary 0 —-— 0 -— 0 - 0 -—- 0 -——

iotai 408 . 1u0. 0% D) 100. V% i1v 1UY. U% 380 LUU. UG L340 LUV, U7



Table 5. Distribution of corallum diameter by reef zones at Naton Transects, Tumon Bay.

Inner reef Outer reef Reef Reef All zones
flat flat margin front combined
Digmeter range
in ¢ No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative
coralla per cent coralla per cent. coralla per cent coraila per cent coralla ror cent

0-5 65 18.5 100 20.7 107 26.3 207 29.0 479 24.5
6-10 126 36.9 169 34.9 122 30.0 150 21.0 567 29.0
11-15 51 14.5 39 18.4 66 16.2 90 12.6 296 15.1
16-20 26 7.4 40 8.3 41 10.1 75 10.5 182 9.3
21-25 10. 2.8 17 3.5 27 6.6 69 9.7 123 6.3
26-30 29 8.3 22 4.5 30 7.4 51 7.1 132 6.7
31-356 2 .6 9 1.9 4 1.9 15 2.1 30 1.5
358-40 4 1.4 5 1.0 4 150 12 1.7 25 1.3
11-45 2 o 4 .8 2 ) 12 1.7 20 1.0
46-39 1 .3 4 .8 2 5 6 .8 13 T
51-60 9 2.8 7 1.4 1 w2 9 1.3 26 1.3
$1-70 0 ——— 2 .4 0 - 3 .4 5 o
71-80 0 e 3 .6 0 ——— 4 6 7 .4
21-~90 4 1.1 3 .6 1 "2 2 i 10 5
91-100 4 1.1 2 .4 0 —— 3 .4 9 5
101-350 7 2.0 3 .6 0 -—- 2 I 12 6
151-2u0 4 11 4 .5 v —— o .4 11 Y
201-300 4 1.1 1 2 0 -— 1 «1 6 3
301-400 1 .3 0 -—— 0 -——- 0 -—- 1 1
401-500 1 .3 0 -— 0 - 0 - 1 1
501-up 1 o 0 -—— 0 -—— 0 -—- 1 1
Total 351 100. 0% 484 100.0% 407 100.0% 714 160.0% 1956 100. 0%

9L



Table 6. Distribution of corallum diameter by reef zones at Gognga Transects, Tumon Bay

Inner reef Quter reef Reef Reef All zones
flat flat margin feont combined
Dizmeter range
in cm No. of Relative No. of Relative No. of Relative: No. of Relative No. of Relative
coralla per cent coralla per cent coralla per cent coralla per cent coralla jer cent

0-5 57 20.5 29 287 33 30.0 226 25.6 345 25.6
6-10 79 28.4 21 28.0 36 32.7 160 18,1 296 22.0
11-15 46 16.5 11 14.7 27 24.5 123 13.9 207 15.4
16-20 21 7.6 2 2.7 4 3.6 89 i0.1 116 8.6
21-25 11- 4.0 4 5.3 5 4.5 67 7.6 87 6.5
26-30 14 5.0 2 2.7 5 4.5 63 7.1 84, 6.2
31-35 6 2.2 4 5.3 0 —— G4 7.2 74 5.5
36-40 4 1.4 1 1.3 0 ——— b, 2.4 26 1.9
41-45 3 1.1 0 S— 0 - 17 i.9 20 1.5
16-50 4 1.4 0 - 0 - 18 2.0 22 i.6
51-60 2 .7 0 — 0 - 13 1.5 15 1. %
61-70 2 .7 0 —— ] —— 3 .3 5 .4
71-80 5 1.8 0 - 0 - 5 .6 10 L7
81~-90 0 - 6 —— 6 - 5 .6 5 4
91-100 4 1.4 0 -—— 0 - 4 5 8 .6
101-150 7 2.5 0 - 0 - 2 <2 a .7
151-200 2 .7 0 -—- 0 — 2 .2 4 .3
201-300 8 2.9 1 1.3 0 - 1 .1 10 « T

301-400 1 .4 0 —-— 0 -— 0 —_— 1 o1

401-500 0 S 0 == 0 e 0 - 0 S
501-1000 2 .7 0 —-— 0 -— .0 — 2 1

Total 278 100. 0% 75 100.0% 110  100.0% 883 100.0% 1346 100.0%

-3
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The most common corals found on the upper surface of thz spurs were:

Acropora corynibosa, A. nana, A. nasuta, A, ocellata, A. pelmerae,

A. surculosa; Goiriastrea retiformis; Millepora platyphylla: Pocillopora

in this habitatl of agitated water are ramose and encrusting (Thible 3 and 4).
Ramose colonics are usually prostrate forms with stout, clos:ly-set branches
and broad, encrusting bases. An exception o this growth form adaptation is

Acropora nana, which is a fragile, branched, ccspilose speciiis that thrives as

well as the stouter branched species found associated with il. Encrusting

Millepora platyphvlla colonies sometlimes cover extensive areas of the spurs

and, whare well developed, the upper parts of the colony forn flabellate plates
that anastomose into a honeycombed patiern. Also conspicuoi s on the surface

of spurs are Acropora palmerae colonies, which form hroad encrustations with

maimmalate projections up to several meters in diameter. Massive colonizs
form either low convex mounds or more commonly develop in o aggregations of
irregular knobs and cuncate clumps.

Common corals found associated with the open surge chainels and pools

were: Acropora abrotanoides; Favia pallida, F. stelligera: Goniastrea

retiformis, G. parvistella: Leptoria gracilis: Millepora platyphylla: Montiora

verrilli: Pavona clavus; Pocillopora setchelli, and P. verruccsa.

A few colonies of Galaxea hexagonalis, Pocillopore brevisornis, Pocil opora

damicornis, and Psammocora contigua, which are normally found in less

agitated water habitals, are found in some of the lavger reef 1rargin pools.
] to

L

Growth forms of corals are similar in surge channel habitats Lo those growing
on the upper surface of the spurs, however, fewer ramose co.onies of
corymbosge growth development are found., An increase in encrusting and
massive colonies was observed. Growth forms in open pool Labitals are s milar
to those found in the quieter, deeper water of the reef front. Branches of
ramose forms are less sioutly developed and morve laxly set and massive forms

LW'L;’L‘L‘ si

N

2.

I

develop intu veundoed homispherical coloaics of
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Fewer corals are found in the cavernous portions of surg: channels and
pools than are found in the other reef margin habitats. The mrore common
corals found in t! .s habitat of reduced light intcnsitly were: Liptoseris

hawaiiensis; Pavona (Pscudocolumnastrea) potlicata, P. (Pol,astra) planulaia;

armata. The majority of corals found in this hahitat are of encrusting, or more
rarely, foliaceous growth form. The upper surface cf spurs, open surge
chamnel walls, and open pools contain small cavities and holes . These
microhebitats of reduced light have species compositions sim lar to those iisted
above for the cavernous regions of surge channels and pools.

Corallum size distribution (Table 5 and 6) for the reef msrgin is similar to
that of the outer rcef flat. Generally, coral colenies tend to }e small, with the

& - . . . 3
exceptlion of some species of Montipora, Acropora, and Milleyora, which

locﬁlly may form spreading cncrustations several meters in diameter., Table 2
lists a total of 44 coral species represcnting 18 genera that wre observed on
the reef margin portions of the Gognga and Naton transects. Nhen the corals
that were collected from the reef margin zone but were not ok served on the
transects are added to this list, the total is increased %o 60 species and 21

genera,

Reef I'ront Zone (60 to 80 meters wide)

This zone is not well-known in most coral distribution st dies and not
represented in most coral collections because of the bigh surs and agitated
water found there. The long duration of this study allowed fairly complete
collections to be made in this zone during oceasional periods of calms and
abnormal wind direction from the south or southecast. For this zone, Naton
and Gognga {ransects are very similar in respect to number cof genera and
species per trapsect section (Fig. 21), ])Cl‘(.‘(‘ﬁt:'tg‘(—': of reef surface covered by
living corals (Fig. 22), corallum size distribution (Table 5 and 6), growth

form distribation (Table 3 and ), and species compodition,  Joral growth
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is optimum in this zone, and at both transects living coral covering the reef
surface ronges between 35 and 59 per cent per transect line scction. The
highest number o’ species and genera for this zone per transe:t section was
46 species at Gognga (linc scc. 52) and 21 genera at Naton (1i: e sec. 53)

(Fig. 21). Fromn Table 2, the total number of species from the entire reef
front zone was 84 species, representing 32 genera. Tzhle 1 shows that
including the corals that were collected with those ohserved on the transect
raises the total to 99 species, with no change in the number o genera. With

the exception of the Acropora aspera and Acropora acuminata thickets found on

the reef ilat zone, corals reach their greatest size in this zon2. Species such

as Acropora abrotanoides, A, smithi: Coscinaraea columna:; Diploastrea

heliopora; T'avia sielligera; Goniastrea retiformis: Lobophyllia costata;

Millepora platyphylla; Montipora verrili; Pavona clavus; Platy gyra rustica:

Podillopora evdouxi: Porites australiensis, P. (S.) convexa, 2. lutea,

P. (S.) iwavamaensis; and Psammocora (S.) togianensis conmiaonly attain

diameters of 1 m or more across. Millepora platyphylla forris columnar

pillars several meters across and up to 3 m in height at the s award marg:n

of the reei front. Large colonies of Porites (S.) iwayamaensis, Porites lulea,

and Porites (S.) convexa form the nucleus of large hemispher:cal mixed ccral

mounds and knolls 2 to 4 m in diameter and height. 'These co.umnar pillars,
mounds, and knolls give the reef front surface most of ils irregular topography
and are also indicators of an older growing reef platform. Giowth forms ¢re
similar for both transects {Table 3 and 1), and show a distinc: increase in the
relative {requency of encrusting and massive types.

The wave agitated scetions of the reef margin and shoreward half of the reef
front, where strong surge currents occur, constituic a distinct habitat for
scveral specics of corals that were found in no other zones. Zorals found

exclusively in this agitated water zone are Acropora abrotano:des, A. hystrix,

A. monticulosa, A. murravensis, A. palmerae, A. smithi, Acropora sp. 1;

Pocilloporn wetehellis and Porites sp. 1. These regions of heavy surf and

strong surge currents also coincide with the maximum development of
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acroporoid species. The shoreward half of the reef front is, strangely, thz
principle habitat of some of the most fragile cespitose clumps of corals such as

Acropora nana, - . syringodes, A. hystirix, and A. murravensis. These corals

grow beside other corymbose acroporoid species such as Acr pora humilis,

that respond to strong water movement by the development of stout polygonal

branches which develop from a thick encrusting hase.

Submarine Terrace (70 meters wide) and Seaward Slope Zone {70 meters wide)

SCUBA observations of the submarine terrace and seawa d slope zones
were macdeo in the transeci locations, but no systematic collec ions or transect

studies were made beyond the reef {front. Poriles (S.) iwayariaensis and

Porites (5.) convexa steadily increased in densily and were th2 dominant corals
L]
on the outer part of the submarine terrace and down the seawzrd slope to 35 m.
¥
Othér corals commonly observed in these zones were large flibellate colories

of Heliopora coerulea, columnar clusters of Psammocora (S. togianensis and

Coscinar:aca columna, small rounded colonies of Astreopora gracilis, small

encrusiing patches of Leptastrea sp. 1 and Favites complanat:., large

arborescent colonies of Pocillopora eydouxi, Acropora paliferi, and Pocillopora

-
<

aggregations of Favia stelligera and Pavona clavus, large donie-like growths of

Diploastrea heliopora (one colony greater than 3 i in diameter), and thick

papillate encrustations of Montipora verrucosa. Down the seaward slope,

conspicuous colonies of large pedicellate colonies of Acropors rambleri,

A. kenii, and A. rayneri were found., At the 35 m depth several foliaceous

colonies of Pachyseris speciosa and Leptoseris incrustans were observed near

the base of large overhanging projections of Porites (8.) horizontalata. Small

encrusting patches of Porites (S.) hawaiiensis are common in cavities, holes,

and on the underside of large spreading coral colonies.



CHAPTER V

DESCRIPTION OF THE ACANTIHAETER PLANCI (LINNAEUS)

POPULATION EXPLOSION AT TUMON BAY

Acanthaster planci (Linnacus) is an active predator that ¢ ttacks reef corals

by attaching its arms over the living porticn of the corallum v-ith its tube feet.
The gastric sasis thenceverted through the mouth and spread crer the coencsarc,
A similar feeding process was observed by Mortensen (1931) ‘n Java and
Goreau (1963) in the Red Sea.

" Systematic coral collectionshave been made from variou: reef habitats
from early 1966 to the present. During 1966, the starfish A. planci was seen
sporadically; only rarely was more than one observed on any field trip. S:nce
the early part of 1967, the number of A. planci observed per field trip (Fig. 28)
increased rapidly from three to five individuals seen during i'ebruary, 1967,
to several hundred seen during June, 19G8.

It was found that in regions with normal populations, A. planci is usuilly a
nocturnal feeder and is secretive at other times, being found during the deytime
in holes, cracks, and on the underside of horizontally spreading coral colonies.
Goreau (1963, p. 26) notes the same bebavior in the Ied Sea and states, "The
failure of most previous investigators working in coral reefs of the Indo-

acific area to report on extensive coral desiruction by Acan haster planci,

even though the species occurs throughout the area, may be cue partly to the
fact that it is a nocturnal predator, and its cffcet may not be so noticeable in
areas of more intense reef-coral growth. " At Tumon Bay, however, when the
populations began to increase, the starfish could be sceen moving about and

feeding at any time of the dav,
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Fig. 28. Number of Acanthaster planci observed at Tumon Bay from February,
1967, to March, 1969.
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The predatory nature of Acanthaster toward corals, coup'ed with their
population cxplosion, has resulted in the death of nearly 100 per cent of the
reef-forming cor us on parts of the submarine terrace and seiward slope ::ones
at Tumon Bay. Formerly the reefs on the northwest coast of Guam possessed
very luxuriant coral growths, both in the percentage of living coral covering the
reef surface and the number of species found. During a receut geological
survey of Guam, Tracey (1961) also noted that this section of the coast supported

rich coral growths.

Acanthaster Planci Ohservations at Tumon Bay

At Tumon Bay, 42 species of coral were observed during May, 1967, from
several reef margin and reef front pools (Naton {ransect sections 52 and 53)
)
prior to the A. planci population increase. The walls of thes« pools were
cov‘érod with 80 to 90 per cent living corals. A resurvey of th.e same pools
made in November, 1968, revealed less than 10 per cent of {ke walls covered
with living corals. Only 12 living species of corals were fourrd in the pools at

the time of resurvey. In order of their abundance, the corais observed wcre:
o ’

Millepora platyphylla, Pocillopora verrucosa, Heliopora coerulea, Pocillcpora

setchelli, Goniastrea retiformis, Porites sp. 1, Acropora surculosa, Acropora

nasuta, Millepora dichotoma, Pocillopora evdouxi, Pocillopora elegans, aad

Stylocoeniclla arinata.

Based on [ield observations and transect studies, the frirging reef at

Tumon Bay has undergone the following stazes of A. planci predation.

Normal Density Stage

During early 1966 normal coral growth and density was odserved on tle
reef flat, reef margin, reef firont, and submarine terrace zones. An
Acanthaster was obsecrved July 15, 1966, on the rcef {ront on a large Porites
head, but there was no noticeable coral damage. No observations were made

on the scoward slope zone al this e,



Infestiation Slage

From late 1966 to June, 1967, an increase in the number of Acanthaster
was observed on ‘he recf front and submarine terrace zones. They were only
occasion:illy seen on any other reef zone at this time. Usual.y three to five
starfish were found Jocalized in several small scatterced pateles, 10 to 20 m
in diameter. Within these scattered patches, an estimated 28 per cent of the
corals were dead and had a 'bleached" white color. The star lish were not
feeding during the daytime and were observed only alter a search was made in
the vicinity of the dead, white corals.,

From the summer of 1967 to April, 1268, the number of :tarfish observed
increased congiderably and localized coral damage was more sbvious. White
patches of corals with larger numbers of Acanthaster were observed more
ffequently along the northern half of Tumon Bay. Several lociations seemed to
have concentrations of starfish. At Eijia Point, on Oclober 21, 1967, a
concentratlion of 25 starfish was observed on the reef front ant submarine
terrace zones. Many corals were freshly killed and others pcssessed a green
coat of filamentous algae. A second large patch of dead corals, 50 m wide,
was found on April 4, 1968, about 100 m south of Naton {ranscct, where the
reef front zone intergrades into the submarine terrace. The «itarfish were
concentrated around the perimeter of the patch and were activ:ly feeding diiring
the mid-day. No actual count was made of the number of star ‘ish present, bul

it was estimated to be considerably larger than the 25 counted at Bijia Poirt.

Population Explosion Stage

On June 1, 1968, the same region south of Naton {ransect was revisited.
Hundreds of Acanthaster were observed on the reef front and submarine terrace
zones, The infestation was localized to several strips 30 to 5) m wide, which
extended from the breaker region of the reef front zone to a peint 150 m
secaward in the submarine terrace zone. This was the farthest point seaward

that was mvesiignted,  Withie the boundarries ol the infvsted regions, 60 to S0
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per cent of the corals were dead. Greatest densities of Acanfhaster were
ohserved at the living coral contact zone along both sides of tiie infested bands.
The central port sns of the infested bands had scatterad clustors of starfish
feeding on the few remaining patches of living corals. The A.anthaster were
at this time fecding and actively moving about at all times of the day. A

hemispherical colony of Porites lutea, 1 m in diameter, had «ight starfish

feeding on its surface at the same time. The reef margin anc inner part of the
reef front were relatively uninfested, although these zones coitained dense
coral giowths.

By Novembher, 1968, several scctions of the reef front ard submarine
terrace along Tumon Bay, about 300 m wide, were found with 80 to 90 per cent
of the corals dead and coated with various spccies of algae. “These extensive
dead regions were formed by coalescence of the expanding strips of infestation
dederibed above. Acanthaster were most abundant along the living borders of
the dead regions. The central portions of these large dead arzas contained
some small living patches of coral, especially on the upper si rface of cor:l
mounds., knolls, and pinnacles. Patches of living coral were more numerous
where the reef front grades into the reef margin zone. Therc was considerably
more starfish predation in deeper reef arcas with less water novement, than in
regions of strong surge currents and water agitalion.

The reef front and submarine terrace zones of Naton and Gognga tranc ects
became infested with Acanthaster in January and February of 1969. Fortuiately,
the {ranscect studies of the reef front were completed before s arflish infest :tion
changed the original coral distributions there. Studics of the remaining reef
zones to be carried out at the transect loeations werc rapidly finished, especially
on the reef margin, beforce the starfish predation could alter the coral species
composition there, The reef margin was not heavily infested at any time curing
the remainder of the transect study. In the reef margin zone, seven starfish
were found concentrated on a single, large arborescent colony of Acropora
which was the bichest naniber obsorved in this sone. As a

iy

result of imensified (ransect sfedies, most ol the remauining s.arvfish

(&3
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observations of this stage are from reef flat zones near the Niton and Goghga
study arcas. No Acanthaster were found in these zones at the Gognga transects,
but a total of {ive were observed at the Naton transects where deeper wate; and
a small chiannel enhance the movement of starfish onto the re.f flat zones from

the reef front.

Migration Stage

On April 4, 1969, a single line {ransecl was placed across the reef margin
and ree’ fronl zone at Cognga {ransect and all starfish occurr ng within visual
proximitly of it were counted. A totul of only seven Acanthast:r were observed
by using this method, hut atl this time 80 to S0 per cent of the corals found in
these zones were dead and most of the starfish had since mov 2d out of the
regions of dead corals into other areas of rich coral growth. Observations at
several places along the outer reef {front and submarine terra:e of Tumon Bay
revealed extensive coral damage, G0 to 90 per cent killed, bu large
concentrations of starfish were not found. s

Chesher (1969a) reportied a large starfish popuiation in S.ptember, 1958,
north of Tumon Bay at the Double Reef (Fig. 1) and a subsequnt kill of 886
starfish by divers from 90,000 m2 of recef surface at tlat loczlity in Novenher,
1968, Migration out of Tumon Bay arca of some starfish must have taken »lace
before Spring, 1969, or possibly several population explosions occurred w thin
a short period of time along the northwest coast of Guam. Pessibly a

combination of both of the above took place along this coastlin:,

Concluding Noles

During the course of reefl studies at Tumon Bay, it was observed that coral
attacked by A. planci usually undergoes the following changes- (1) the coral
surface occupied by the starfish {urned a pale tan to white color; (2) a thick
mucus-like slime was sccreted from the attacked portions: (3+ the denuded

t
corallum surface chauged to a bleached while color; (1) vecovary of the
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attacked region of the coral did not seem to occur; (5) filamen:ous algae, usually
macroscopic blue-greens, were the first organisms to becoma established on
the freshly killed areas of the corallum; (6) filamentous algac were usually
followed by a succession of other algae, depending upon the r ef zone or season;
or (7) the dead coral may be encrusted by the surviving corals, such as

Millepora or Montipora species.

Observations at Tumon Bay indicate that the quiet water «f the submarine
terrace zone is usually the location where A. planci populatic.:s first appear
and increasce in numbers, ’I‘I;e increasing populla.i,ion then exp:nds seaward to
the depth limit of reef corals and shoreward to the agitated w: ter of the reef
margin zone. When the corals are killed within these limits, the population
moves parallel to the reef edge, commonly forming several lcng sinuous herds
which were also noted by Chesher (196%a). If the starfish popalation is
contained by local barriers such as reef sections with dead ccrals, feeding
pressurc may cause them to move to unfavorable habitats such as the reef

margin.



CHAPTER VI

DISTRIBUTION OF CORALS AFTER ACANTHASTER PLANCT

POPULATION EXPLOSION AT TANGUISSON POINT

Coral distribution at Tanguisson Point (IMig. 5) is based ujon data from
three transects, general field observations, and some specim:n collections.
Extensive systematic coral collections were not made at the Tainguisson study
region because a similar species composition was collected at Tumon Bay.
The only corals collected at Tanguisson Point were those that could not be
identificd in the field, those that represented new growth forms, or those that
were not previously collected at Tumon Bay. Field work for t1e study was
started at Tanguisson during September, 1969, and was continied until
July, 1970,

At the Tanguisson Point study area, Acanthaster planci in’estation of the

submarine terrace and seaward slope zones took place sometime between

June, 1968, and Seplember, 1868, Predation of corais by staifish in these
zones has resulted in major changes of the ecosvstem. The nwost obvious
change in the ecosystem has been the death of many framewor!: and reef-building
corals. Many other less obvious successional changes are alvo taking placz
there. This study will, hopefully, establich a level of reef recovery, at least
for the corals, and establish a baseline for future coral invest.gations planned

in this avea.

Table 7 lists the freauency distribution of coral species observed on the
transccls by reef zones, This table shows that 86 species representing 30
genera occurred on the three transecets. Conibining the number of species shown
on Table 1 that did not occur on the tronseets, the {otal munbes of species is

rased e U6 specics cepresenling 33 gencra,  From the {otal rumber of spccies



Table 7. TFrequency distribution of coral species by reef zones at Tanguisson Point transects.
[Species are listed in order of decreasing “frequency of occurrence by combining all
reef zones. Inner reef flat and outer recef flat subzones were omitted because only
two species with a frequence of occurrence of one each were found there. These two
species are indicated with the symbol *. ]

Reef Reef Submarine Seaward Al' zones
margin front terrace slope combined

Name of Coral
No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative
coralla per cent coralla per cent coralla per cent coralla per cent coralla per cent

(Guzlaxea hexagonalis -— - 85 15.60 4 1.67 1 1.75 90

9.80
Goniastrea retiformis 6 8.11 69 12,66 2 .83 _—— - 77 8.39
Tavia stelligera 1 1.3%5 39 7.16 20 8.33 —— s 60 6.54
Pavona varians - —— 13 2.3 39 16,25 —— ——— 52 5.66
Veillopora verrucosa 12 16.22 21 3.85 S 3.33 1 1.%5 42 4.58
I'avia pallida ' 1 1,35 18 3.30 18 150 4 7.02 41 4.47
Mentipora verrilili 1 1.3 31 5.69 7 2.92 1 1.75 40 4.36
Fovites lutea 2 2.70 9 1.65 17 7.08 8 14.04 36 3.92
Lopiastrea purpurea -— -— 4 .73 16 G, 6T 8 14.04 28 3.05
Lepioria phrygia 3 4905 16 2.94 9 3.75 .- - 28 3.05
Aconthastrea echinata - _— 24 4.40 1 2 e _— 25 2.72
Leptoria gracilis i 1.35 20 3.67 1 42 -— —— 22 2.40
Sitliepora piatypuylia iv 13.01 v © 1,00 - -— —— — 19 4.01
Acropora hystrix ' 7 9.46 9 1.65 - -— —— -— 16 1.74
Miilepora exaesa ——— —_— 5 .92 10 4,17 ——— —_— 15 1.63
Montipora sp. 1 - —_— 6 1.10 6 2.50 3 5.26 15 1.63
Psammocora nierstraszi 2 2.70 10 1.83 2 .83 —-— -— 14 1.53
Cariastrea parvistella — - 2 3% 11 4.538 —— - 13 1. 42
1avites complanata -—- - 6 1.10 4 1.67 1 1.5 11 1,20

06



Table 7 continued.
Name of Coral

Acropora murrayensis
Acropora nana
Acropora nasuta
P:vona clavus
Styviocoeniella armata
Goniastrea pectinala
Aontipora sp. 2
PloSiastrea versipora
Acropora corymbosa
Caloxea fascicularis
"Moaripora sp. 4
Pocillopora meandrina
Stviophora mordax
Acropora surculosa
Favin favus
. Porites australiensis
Ao upold ankolalclaes
Cyphastrea sp. 1
Montipora sp. 3
Platvgyra rustica
Piatygyra sinensis
- Tcriles lobata

Porites sp. 1

Reef
margin

6 8.11
7 9.46
4 5.41
1 1.35
2 2.70
2 2.70

1
|
B W A DWW UKo e | <100 & Wk

N r4 R 1

Reef
front

.73

Jomid
QT W T N WG
O =3 o W I ~3

: P
1 © I =
w N SV

A

s
(¢2]

w
w3

Submarine
terrace

2 .83
2 .83
8 3.33
1 .42
3 1.25
1 .42
@ 1,67
1 .42
6 2.50
4 1.:67
6 2.50
1 .42
2 .83
5 2.08

Seaward
slope

1 1.75
1 1.75
4 7.02
2 3.51
1 1.75

All zones
combined

No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative
coralla per cent coralla per cent coralla per cent coralla per cent coralls ner cent

10 L
10 1
10 1,
10 1
10 1
9 .98
9 .98

w2l e]
. e

w W
~3 &
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o0
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w
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39
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Fable 7 continued. -

Reef Reef Submarine Seaward All zones
margin front terrace slope combined
Name of Coral
No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative
coralla per cent coralla per cent coralla per cent coralla per cent corzlln per cent

Lobophyllia costata - - 4 .73 1 .42 -— - 5 .54
AMontipora foveolata - -—- 4 T3 1 .42 - -— 5 .54
Montipora sp. 5 _—— —— 5 .92 _— — - ——— 3 .54
Prvona (Polyestra) sp. 3 -—— ——- 4 .73 ——- - -1 1.75 5 . O
Astreopora gracilis -—— - 1 .18 3 1.25 -—— -—- B .45
Leptastrea sp. 1 -— - 1 .18 - - 3 5.26 4 .45
Fohinopora lamellosa -—= —— 2 i - —— 1 1.75 3 .33
Mordtipora monasteriata - ——— 3 .55 -——— —— —— -—— 3 33
Liontipora tuberculosa — - —— _— 3 1.25 _— - 3 .33
Aiontipora conicula : - —_— 3 .55 — _— -— - 3 +33
Purites (Synaraea)

hwayamaensis - _—— —— —_— 1 A2 2 3.51 3 .33
Acropora palmerae 2 2.70 I .18 _— - -——- -——— 3 .33
Lopiastirea transversa —_— ——— ——— _—— 1 .42 2 3.51 3 .33
¥avia valenciennesii | _— " —— — 2 .83 - - 2 .22
Cyeloseris cyclolites —-—— ——— ——- —— —— -— 2 3.51 2 22
Cyeleseris €. 3 - - 5 «18 3 . o - - d 2
Lobophyllia corymbosa 3 -— - —_— - — e 2 3.51 2 .22

fontipora granulosa ——— —— 2 .37 - - -— -— 2 .22
AMontipora sp. 6 -——- -— 1 .18 1 .42 -— -— 2 .22
Pocillopora setchelli 2 2.70 —— ——— e —_— — 2 . 22
Gonigpora enlumna - e - —— 1 42 1 1.75 2 .22
Pocillopora eydouxi -— - 2 .37 —_— - -— N 2 .22

45
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¢ 7 continued.

Ts
Name of Coral

Pociliopora sp. 1
Psammocora exesa
A¢ropora humilis
Acropora sp. 1
Acropora smithi
Acvropora valida
Asircopora myriophthalma
Co-inaraea columna
C.phastirea scrailia
Echinophyllia aspera
Dist :chopora violacea
Fuavia favosa
Tavites flexuosa
Follopora coceruica
Hudnophora microconos
- Lepwogeris hawaliensis
Miiizpora dichotoma
Montinora hoffmeisteri

Pavona (Pseudocolumnastrea)

poiiicata
Porites (Synaraea)
raaitensis

Reef
margin

No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative
coralla per cent coralla per cent coralia per cent coralla per ceni coralls er cent

1 1.35
1 1.35

Reef
front

.18
.37
.18
.18
.18
.18

Submarine
terrace

1 .42

1 .42
- .42
i —

1 i

Seaward
slope

1 1.75
1 1.55
i 1.75
1 1.75

All zones
combined

.22
.22
29

o b

11
.11
.11
o
o LL
okl
sl
# 11
.11
.11
skl
w11
.11

=
o A

o 1.1

0o b0 N
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Tolzle 7 continued,

Name of Coral

Porites (Synaraea)
liorizontalata
Pesammocora (Plesioseris)
laimeana
Totals
Total species

Total genera

Reef Reef Submarine Seaward All zones
Margin front terrace slope combined

No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative
coralla per cent coralla per cent coralla per cent coralla per cent coralle jcr cent
- _—— -— - —-— - 1 1.75 1 11
—— —— -— -— - -— 3" 1.75 1 |

74 100.00% 545 100.00% 240 100.00% 57 100.00% 918 100.00%
21 65 ) 45 28 86
12 24 22 19 30

76
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and genera occurring at Tanguisson Point, 91 species represented by 30 genera
are hermatypic scleractinians and the remaining 5 species reosresenting 3 zenera
are nonscleracti ians. No ahermatypic corals were chserved or collected at

Tanguis=on Point, even though investigations were made to a lepth of 35 .

Intertidal Zone (5 o 10 meters wide)

In most places the intertidal zone is either bare rcef-roc< or an irregalar
emergent strip of solution-pitted limestone. Cut benches with pools that might
contain corals arve not found along this region as they arc occsionally found on

the windward eastern coast.

Reef I'lat Zone (70 to 100 meters wide)

+ The fringing reef platform along Tanguisson Point is divided into inner and
outer recf {lat subzones, but the inner reef flat is very poorly developed. At
low tide the impounded water or mouf, which delineates the i ner reef flat
subzone, represents a very small percentage of the reef platiorm and is not

contiguous along the entire study region.

Inner Reef Flat Subzone

This subzone is represented by several small poo.s (I'ig 5) at transects A
and C. No corals occurred on the transects, but several small colonies of

Porites lutea were observed in a small pool near transect C.

Outer Reef TFlat Subzone

This subzone is, in most places, a flat limestone pavem :nt with very little

relief. Only two colonies of corals were encountered, Pocillopora meand:ina

and Porites lichen, on the transects. These two colonies were found occunying
a shallow pool near the reef marvgin zone. Coral obseérvations along other pavts .

of the outer reef flat ave similar to those found near the transeet regions.

-~
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Reef Margin Zone (20 {o 30 meters wide)

This zone is awash constantly and represents a condition favorable for
coral developmer i, TFigures 29 and 30 reflect this abrupt change in habitat,
at transects A and B, hy significant increases in the peccentage of reef sur face
covered by living corals and the number of spceies and gener: per transect
station.

Transect C (Fig. 30) is atypical in respect to coral densi‘'y because of
conditions at stations 11 and 12, both of which occur on the upoer surface of a
rather barren spur. Visual ohservations there, though, reve.l normal coral
growth and densitics adjacent to these barren stations.

The reef margin environment, like that at Tumon Bay, cin be divided into
three separate habitats, the well-lighted, strongly-agitated w:ter region found
on the upper surface of spurs that separate surge channels, the open surge
chz‘innels and open pools, and the poorly-lighted, cavernous rcgions of surge
channels and pools. On the upper surface of the spurs, the most common <orals

were: Acropora palmerae; Goniastrea retiformis; Millepora platyphylla;

Pocillopora meandrina, P. setchelli, and P. verruccsa (Fig. 31). In the surge

channel and open pool habitats the more common corals encountered were:

Acropora hystrix, A. murravensis, A. nana, A. nasuta; Favii pallida,

F. stelligera; Goniastrea retiformis; Leploria gracilis, L. phrygia; Millej.ora

platyphylla: Plesiastrea versipora: Pocillopora verrucousa: anl Porites lutca,

Growth forms in the surge channels were similar to those ohsarved on the
upper surface of spurs at Tumon Bay. In open pools the growth forms are more
like the forms encountered on the shoreward half of the submeérine terrace.
Corals cncountered in cavernous regions of surge chamnels and pools were

mostly encrusting forms of Psammocora nierstraszi, Poriles sp. 1, and an

encrusting growth form of Coscinaraca columna. Cespitose growth forms are

hredominant in the reef margin zone, with nearly 48 per cent at transect A and
e s I

70 per cent at transect B (Table 8 and 9).
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Fig. 30. Percentage of reef surface covered by living corals at Tanguisson
Point.



Fig. 31. Coral g"réwth on upper

surface of a reef margin spur.
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Table 8. Distribution of coral growth forms by reef zones at Transect A, Tanguisson Point.

Outer reef Reef Reef Submarine Seaward All 7ones
flat margin front terrace slope combined
Growth
form No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative
coralla per cent coralla per cent coralla per cent coralla per cent coralla per cent coralla per cent
Massive 0 —— 6 13.6 46 25.0 2 5.6 0 - 54 18.7
Encrusting 0 -——= 10 22.17 97 52.7 72 75.0 20 80.0 154 53.3
Folinceous 0 -—— 0 ——- 0 -— 0 - 2 8.0 2 .
Finnoilate 0 ——- 5 11.4 T 3.8 0 ——— 0 ——— 12 4.1
Corvymbose 0 - 1 2.3 5 2.7 0 -— 0 —-—— .0
Corilitose 0 - 21 47.7 26 14.2 5 13.8 1 4.0 53 18.3
Ariharescent 0 -——= 1 2.3 0 - 0 —— 0 ~— 1 .4
Piecloid 0 -——= 0 -— 3 1.6 1 2::3 1 4.0 5 1.7
Ceinnnar 0 - 0 —— 0 -— 0 —-—= i 4.0 1 .4
SGiilary 0 - 0 - 0 _— 1 2,8 0 - i .4
Total 0 00. 0% 44  100.0% 184 100.0% 36  100.0% 25  100.0% 289  100.0%

Note: Inner reef flat not included because no corals were found there on any transect.
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Table 9. Distribution of coral growth forms by reef zones at Transect B, Tanguisson Point.

Quter reef Reef Reef Submarine Seaward All =ones
flat margin front terrace slope combined
Growth
form No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative
coralla per cent coralla per cent coralla per cent coralla per cent coralla per cent coraila per cent
Maossive 0 - 3 10.0 52 23.3 25 18.3 3 14.3 83 20.1
Encrusting 1 50.0 4 13.3 144 64.6 105 76.6 16 76.1 270 65.5
Felinceous 0 -—— 0 ——— 0 -— 0 —— 1 4.8 E 2
Ttitellate 0 —— 0 —— 0 -— 1 .7 0 - 1 2
Corymbose 0 - 2 6.7 7 3.1 0 - 0 -——- 9 22
Cosnpitose 1 50.0 2 70.0 12 5.4 6 4.4 0 - 40 9.7
Aviorescent 0 — 0 —_— 1 3.1 0 —_— 0 —— 7 1.7
Piaceloid 0 -~ 0 -—— 1 .5 0 - 0 -— 1 2
Celumnar 0 -— 0 —— 0 -—- 0 - 0 -— 0 -—-
Selitary 0 —— 0 — 0 — 0 ——— 1 4,8 1 .2
Total 2 100.0% 30 100.0% 223 100.0% 137  100.0% 21 100.0% 413  100.0%

Note: Inner reef flat not included because no corals were found there on any transect.
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Table 10. Distribution of coral growth forms by reef zones at Transect C, Tanguisson Point.

Cuter reef Reef Reef Submarine Seaward Al} 7cnies
flat margin front terrace slope combined
Growth
form No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative

coralla per cent coralla per cent coralla per cent coralla per cent coralla per cent coralla per cent

Massive 0 -— 0 ——— 20 14.5 3 4,5 1 9.1 24 i |
Eucrusting 0 -—— 0 -—— 102 73.9 60 89.5 8 72.7 170 78.7
Toliaceous 0 -—— 0 -— 0 -——= 0 -—— 0 ~—— 9 i
Flabellate 0 - 0 -— 0 ——— G ——— 0 ——— 0 -
Ccrvmbose 0 -—— 0 -— 6 4.4 0 _— 0 - 6 2.7
Cespitose 0 -—— 0 —_— 9 6.5 3 4.5 1 9.1 13 6.0
Arhorescent 0 ——— 0 - 1 7 0 ——— 0 ——— 1 oD
Phaceloid 0 - 0 ——— 0 - 0 - 1 2.1 1 .5
Columnar 0 - 0 -—— 0 - 1 1.5 0 —— 1 .5
Sntitary 0 - 0 ——— 0 e g —— 0 -—— 0 ———
Total 0 00. 0% 0 00.0% 138 100.0% 67 100. 0% 11 100.0% 218 100.0%

Note: Inner reef flat not included because no corals were found there on any transect.
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Corals that were not encountered on the reef margin quadrat stations, but

were observed there werc: Acropora abrotanoides, A. smithi, A. surculesa;

Hydnophora mici bconos; Pavona clavus, P. (Pseudoco'umnas.rea) pollicaty; and

Stylococni»lla armata, Porites sp. 1 and Stylocoeniella arme .a were founc in

all three reef margin habitats in small holes, cracks, and on the underside of
large spreading coralla.

Corallum diameter was small, with most colonics measu-ing less than
15 ecm. Coral diameler distribution (Table 11 through 13) wa.: about the same
for all threc trunsects and was similar te that found at Tumor Bay before
A. planci infestation.

Several major differences of coral distribuiion beiween this zone at
Tanguisson Point and that al Tumon Bay were revealed when 1 comparison of

data was made. The first major difference was the occurren:e of numerous

Ackopora nasuta colonies, nearly 50 per cent relative frequercy, at Tumon Bay,

(Table 2) compared to a relative frequency of 6 per cent Acrcoora nasuta at

Tanguisson Point (Table 7). Secondly, frequency distribu'tim- Table 7 shovs
that 21 species representing 12 genera were found on the reef margin, which is
less thsn half the number of species encountered at Tumon Bry for the sarie
zone (Table 2). These differences were caused by the rather atypical luxuriant
coral growth found at Naton transects, which weights the relative frequency
table when combined with the data from the more {ypical Gogiga transects.

The total number of genera and species for the Gogngua reef margin is 14 end 27

respectively, which is similar to the number found ui Tanguis.son.

Reef Fronl Zone (50 to 70 meters wide)

Major differences in coral distribution begin to emerge ot the reef front
zone beeause of prior A. planci activity. Comparison of Figure 30 from
Tanguisson Point with Figure 22 from Tumon Bay points out the major differcnces
in the percentage of reef surface covered by living corals at the two study regions.

H

Perceniuoe of veel surfoce coveraed by living corals i= similiae 1o that foun:d of



Tabie 11. Distribution of corallum diameter by reef zones at Transect A, Tanguisson Point.

Outer reef Reef Reef Submarine Seaward All 7ones
flat margin front terrace slope combined
iameter range
in cm No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative
coralla per cent coralla per cent coralla per cent coralla per cent coralla per cent coralla per cent

0-5 0 - 19 43.2 124 67.4 32 38.9 21 84.0 196 67.8
6-10 0 -~ 17 38.6 40 21.7 4 11.1 3 12.0 64 22.1
11-15 0 i 3 6.8 12 6.5 0 - 0 —— i5 5.2
16-20 0 - 1 2.3 6 3.3 0 — 1 4.0 3 2.3
21-25 0 —— 2 4.5 2 i | 0 ——— 0 - + 1.4
26-30 0 - 0 —— 0 - 0 = 0 —— 0 ——
51-35 0 —— 0 = 0 -—— 0 e 0 === 0 S
36-40 0 - 0 ——— 0 = 0 mm 0 - 0 -
41-45 0 -— i 2.3 0 ——— 0 = 0 ——— 1 «3
t6-up 0 —— 1 2.3 0 - 0 —~—— 0 - 1 +3
Total 0 00.0% 44 100.0% 184 100.00% 36 100. 0% 25 100.0% 289  100.00%

Note: Inner reef flat not included because no corals were found there on any transect.

T0T



Table 12, Distribution of corallum diameter by reef zones at Transect B, Tanguisson Point.

Outer reef Reef Reef Submarine Seaward All zones
flat margin front terrace slope combined
Diameter range
in cm No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative
coralla per cent coralla per cent coralla per cent coralla per cent coralla per cent coralla per cent

0-5 2 100.0 3 10.0 53 23.8 117 85.4 19 90.5 194 47.0
6-10 0 ——— 9 30.0 100 44.8 20 14.6 2 2.5 131 a1, 7
11-15 0 ——— 10 33.3 29 13.0 0 S 0 = 39 9.4
16-20 0 - 3 10.0 10 4.5 0 —_— 0 —— 13 3.1
21-25 0 —— 2 6.7 8 3.6 0 e 0 - 10 2.4
26-30 0 ——— 1 3.3 9 4.0 0 - 0 - 10 2.4
31-35 0 -—— 0 ——- 2 -9 0 — 0 -—— 2 .5
36-40 0 == ¢ e 6 2.7 0 = 0 —-—= 6 1.5
41-45 0 - 0 —— 2 -9 0 - 0 ——— 2 . D
46-up 0 - 2 6.7 4 1.8 0 . 0 —_— 6 1.5
Total 2 100.0% 30 100.0% 223 100.0% 137  100.0% 21 100.0% 413 = 100.0%

Note: Inner reef flat not included because no corals were found there on any transect.



Table 13. Distribution of corallum diameter by reef zones at Transect C, Tanguisson Peint.

Outer reef Reef Reef Submarine Seaward All vones
flat margin front terrace slope combined
Diameter range
in cm No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative
coralla per cent coralla per cent coralla per cent coralla per cent ccralla per cent coralla per cent

0-5 0 — 0 o 93 67.4 58  86.6 10 90.9 161  74.5
6-10 0 e 0 L 30 21.7 7 10.4 1 9.1 38  117.6
11-15 0 = 0 _— 9 6.5 2 3.0 0 — 11 5.1
16-20 0 —_— 0 -~ 5 1.5 0 - 0 s 2 .9
21-25 0 - 0 L 1 .7 0 _— 0 iz 1 .5
26-30 0 s 0 =t 1 i 0 e 0 S 1 .5
31-35 0 Sl 0 — 0 S 0 —_— 0 e 0 -
36-40 0 —— 0 - 0 - 0 — 0 e 0 .
41-45 0 - 0 - 2 1.5 0 - 0 e 2 .
16-up 0 S 0 S 0 — 0 ——— 0 e 0 .9
Total 0 00.0% 0 00.0% 138 100.0% 67 100.0% 11 100.0% 216  100.0%

Note: Inner reef flat not included because no corals were found there on any transect.

90T
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Tumon Bay only for the first one to three guadrat slations imiediately seaward
of the reel margzin zone. This similarity at {irst indicates th: t starfish
predation was abient or at least nearly so along this narrow cne to three
quadrat band. However, when parameicers other thasn percentige of reef
surface covercd are compared, it is apparent that corval disir bution changes
have indeod taken place. Comparisons between Figure 21 anc Figure 22 reveal
higher numbers of species per {ransect line section at Tumon Bay than per
iransect quadrat station at Tanguisson Point. There was alsc a major shift in
growth orms (Table 3 and 4 and Table 8, 9, and 10) for this : one at Tanguisson
Point. Corymbose and cespitose growth forms had been redu zed in relative
frequency, whereas encrusting {ypes had increased. Cbservetions and
collections at Tanguisson Point reveal, however, that ramosc and cespitose
growth forms were previously more abundant, indicated by th: many dead
acyoporoid corymbose and cespitose coralla which had been overgrown by

various encrusiing Millepora and Montipora species. Breaking waves and

accompanying surge seems to cause sclective feeding by A. p anci on corymbose
and cespitose Acropora growth forms in this section of the ref front. During
the earlier A. planci infestation and predation period some stirfish were
observed feeding in this part of the reef front zone. Chesher (1969a) also
reported some sfarfish activity in this zone, but noted that they had difficulty
in attaching their tube feet to smooth, rounded coralla. Fron. the above dita
and observations, it would seem that selective feeding behavior by A, plan-i
has changed the distribution of corals in this narrow band of surge and
wave-assaulted reef front, but, 'because of coral resuccessiol 'by different
species and growth forms, the percentage of corals covering “he surface has
remained nearly the same,

Common corals observed in the above reef zone were: Azanthastrea

echinata; Acropora abrotanoides, A. corvmbosa, A, hystrix, A. murraye:.sis,

A, nasuta, A. surculosa; Favis stelligera: Galaxea hexagonalis; Goniasirea

£

refiformin: Leptoria sracilis: Millepora platvphylla: Montinora verrilli,
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Montipora sp. 1, Montipora sp. 2; Pavona varians; Platygyra s inensis;

Pocillopora verrucosa; Porites lutea; and Stylophora mordax.

Seaward of ti o parrow wave and surge scction of the reef tront, the
percentage of living corals covering the reefl surface (Fig. 30, drops rapidly as
deeper water is encountered, to Jess than 1 per cent for some quadrats near the
submarine terrace. The reef front zone at transect B is shallower than that at
transects A and C. This extends the wave-assaulted section of transect B
farther seaward and explains the presence of a fairly high per entage of living
coral covering the reef surface for the outer part of the zone. Observations of
dead coralla indicate that species composition, colony diamet:r, and growth
forms were very similar to those found living at Tumon Bay. Even though
slightly less relief of topographic growth structures such as coral-algal knobs,
HBosses, and pinnacles was noted at Tanguisson Point, it is still obvious that
nedrly similar reef development was taking place as that at Tumon Bay.

Most living colonies encountered arec either small, regen:rated parts of
larger, older, dead coralla or small encrusting coralla from 1ew planulae
settlement. Prior A. planci predation did not, in many cases, kill the ent're
corallum. Some small, inaccessible sections of the corallum, especially if of
irregular lobate or cuneate growth form, survived the predation. These
surviving sections resume growth by growing upward and sprcading outward
over old dead parts of the parent corallum and appear ss sma 1 encrusting
patches. Most young colonies established from newly settled olanulae alsc
appear as small encrustations, even though later growth deve opment may be of
ramose or massive form. Corallum diameter is, therefore, §mall and thoe
number of encrusting growth forms is high because of paichy egeneration and
the presence of newly settled corals. Some corals observed to be regenerating

from older colonies were: Cyphastirea serailia: Favia stelligira; Goniastirea

parvistella, G. retliformis; Leptoria gracilis: I.obophyllia corymbosa,

L. costuta; Pavona clavus: Plesiastrea versipora; Porites aus traliensis; and

. luten, Covals that wore developing fram newly seitiled plaulae were:
T e ping : i

Acropora corvimbosa, A. humilis, A. surcudosa. Asticopora sp. 1;
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Tavia favus, T, pallida; Favites complanaia; Leptastrea purpurea, Leplastirea

sp. 1; Millepore platvphvlla; Montipora foveolata, M. granulosa, M. verrilli,

Montipora sp. 1, “Jontipora sp. 3, M. conicula; Pavona variars; Pocillopora

sp. 1; and Porites lutea.

Table 7 list: 635 species representing 24 genera for the reef front zone.
Added to this list those specics collected hut not observed at tie transect
stations (Table 1), increases the total species for the zone to 70 species

representing 24 genera.

Submarine Terrace Zone (40 to 110 melers wide) and Seaward Slope Zone (50 to

70 meters wide)

These zones were not quantitatively studied at Tumon Bay prior to A. planci
p'redation. Some SCUBA observatlions on these zones at Tumcn Bay were raade
pri*Or to and after the starfish infestation, therefore, some qualitative
comparisons of similar zones at Tanguisson Point can be mad:. The submarine
terrace and seaward slope zones were the most heavily infest.d with A. planci
during the initial invasion, and as a result nearly all the origiaal coral
populations were killed. Regeneration of small sections of lar~ger colonies and
resettlement of some corals has taken place as descril:ed for the reef fron:,
but to a lesser degree, especially on the scaward slope. Aboit 84 {o 90 per cent
of the corals were less than 5 cm in diameter (Table 11, 12, ind 13) and 73 to
89 per cenl were of encrusting growth form (Table 8, ¢, and 10). The ave-age
perceniage of living coral covering the reef surface on these zones (Fig. 3))
was less than one. At transect A, siation 25, the highest percentage of coral
coverage (1%) was found, caused by a single patchy living colony of Porites (S.)

For the submarine terrace zone, 45 species represented by 22 genera
(Table 7) occurred within the quadrat stations. Specimen collections made in
this zone increascd the number of species and genera {o 47 and 24 respectively.

The most common corals encouniered on the submarire tervace were:
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Favia favus, J. pallida, F. stelligera; Goniastrea parvistella, G. pectinaia;

Leptastiiea purpurea; Leptoria phrygia; Millepora exacsa; Moatipora verrilli,

Montiporz sp. 1, Montipora sp. 3; Pavona varians; Porites lobata, and P. lutea.

The total number of species occurring oun the seaward slroe zone, including
one collected specimen, was 32 species representing 21 genera. This was a
considerabhle reduction when compared to the submarinz terrace and was ralated
to little regeneration from older colonies and the lack of many new corals
developing from planulae settlement. Dead coralia ¢f some srecies were
encountercd on the seaward slope that were not observed as living species.
This again indicates that not all the original species were reg:nerating at this
zone, nor had resettlement of many new colonies taken place. Some of the
dead coiralla that could be identified in the field and that were not observed as

kving on the scaward slope transect stations were: Acvopora rayneri,

A.trambleri, A. kenti, A. palifera: Coscinaraca columna; Cyphastrea serailia:

Goniopora sp.; Hydnophora microconos; Pacyseris speciosa; Psammocora

exesa, P. (S.) togianensis; Plesiastrea versipora; plus some tuberculate
Montipora species. Common living corals observed on the scaward slope

were: Javia pallida; Galaxea fascicularis; J.eptasirea purpus :a,

Leptastrea sp. 1; Montipora sp. 1; and Porites lutea.

Obcervations of the submarine terrace and seaward slope zones at
Tanguisson Point and from other reefs of Guam indicate that ome coral
species arc not usually preyed upon by A. planci. Some of th2se corals

observed at Tanguisson Point were: Acanthasiren echinata; Liploastrea

heliopora: Galaxea fascicularis, Goniopora columna, (. hexazonalis; Heliopora

coerulen; Millepora dichotoma, M. exeasa, M. platyphylla: Tocillopora eydouxi;

Porites lulea, and various Porites species of the subgenus Syaaraea.
- ron M), Kalenidhllose Pl oS bl o bl oon 0 il it it adualiinds

Species composition for these two zones at Tumon Bay seems to be fairly
homogencous with that found at Tanguisson Point. The major difference
between the two study regions seems to be in the better development of

{opogranhic growth features as pointed out in Chapter IIT,



CHAPTER VIJ

DiSCUSSION AND CONCLUSIONS

Comparison of Coral Reef Communities at Tumon Bay and Taaguisson Point

The following data summarize the number of gencra and .;pecies, for ihe

major divisions of corals, at Tumon Bay and Tanguisson Poir t reefs.

Tumon Bay Tang: isson Point

. Genera Species Gene-"a  Species
+ Hermalypic Scleractinians 31 143 3¢ 91
Ahermatypic Scleractinians 2 2 ¢ 0
Non-Scleractinians 3 5 & 5
Total 36 150 33 96

The totals listed from Tumon Bay represent the number >f genera anc

species found in the reef community before Acanthaster planci predation killed

most of the corals there. The totals listed from Tanguisson Point represcnt the
number of genera and spccies found living in the rcef communitly after A. »>lanci
predation of the reef corals had taken place there. Comparisons of physical
reef characteristics (Chapter IIl) and coral distributions (Ch:pter IV and V1)
indicate that the reel margin, reef front, submarine terrace, and seaward slope
rcef zones at Tumon Bay and Tanguisson Point were similar, except for slightly
less topographic relief at the latter, in reef development before starfish
predation took place. The only zones not comparable at the wo locations are
the subzones of the reef flat, which were not '.init'i,ully infested with starfish
during the population explosion stage. Based on the above assumptions, a
compurison can be made of the coral eommunities between the two study

locations,
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The data above shows that the total number of living coral genera surviving
the A. planci predation is nearly the same as that found befor= predation. The
only genera not { und at Tanguisson Point, after the starfish predation, but
that werc carlier found at Tumon Bay before the starfish pre. ation were

Euphyllia, Paracyathus, and Polycyathus. The high number of genera surviving

A. plancipredation, even though of low densitly, may be essertial in the recovery

of devastated rcefs if diversity of seed populations is an impcriant prerequisite.
The number of species found on the Tanguisson reefs aftcr A. planci

predation is 35 per cent Jess then that at Tumen Bay. The number is reduced

to 27 per cent if those species that arc specific for the reef fiat moat, which is

well developed only at Tumon Bay, are discounted.

Comparisons of Coral Disiribution by Reef Zones
\

The number of coral genera and species that were obseried or collecied

from the various reef zones at Tumon Bay and Tanguisson Pcint are as fo'lows:

Tumon Bay Tanguisson Point

Recf Zone Genera Species Genera Species
Inner reef flat 18 48 ( 0
" Quter reef [lat 16 37 < 2
Reef margin 21-(14) 60~(2%) 1 21
Reef front 32 99 24 70
Submarine terrace 8 28 24 47
Seaward slope ’ 18 28 21° 32

Specific differences between Tanguisson Point and Tumo Bay inner and
outer recf flat subzones are not due to A. planei predation. Differences in
physical parameters, discussed earlier, account for the neas absence of corals
in thesc two suhzones at Tanguisson Point.

Some A. planci predation occurred in the reef margin zone, but not to the
extent that coral distribution was arently chanced there. When data from Natono

and Gognga transcets, Tomon Bay, are combined, a considerable difference in
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the number of species occurs between Tumon Bay and Tanguisson Point. Naton
transcci data is atypical for the reef margin zone at Tumon Bay and is biased
by the prescnce « f rich coral growth because of factore whick are discussed in
Chapters 7V and VI. 1 only the daia from Gognga transects, .ndicating 27
species representing 14 genera (above data within parenthese:s), is compared
with that from Tanguisson Point, a similar coral distribution is found betw een
the two regions.

A. planci predalion has caused extensive damage in the r2ef front zone. A
29 per ccnt reduction in the number of species and a 25 per ¢:mt reduction in
the numher of genera has occurred in this zone. Coral dama te to the reef front
zone is not uniformly distributed across it. A comparison of Figure 22 with
Figure 30 shows that the inner (shoreward) sections of the re~f front zones at
Tanguisson Point have normal pre-starfish percentage of rees surface covered
bytliving corals, while the outer (seaward) sections show a reduction. However,
other data from the same inner (shoreward) part of the reef f'ont indicate that
a change in coral specics distribution has taken place, even tniough the
percentage of living coral coverage has not changed. TUpon clyse inspection of
this zone, it was found that A. planci predation had sclectivel; killed many of
the ramose growth forms of corals, especially ihe acroporoic species. This
selective predation resulted in lowering the percentiage of recf surface coverage,
but subseguent resetilement and regeneration of encrusting ccral growth fcrms
has resiored thce normal percentage of coral cover found ther«:. This sect on
of the reef front is located in a zone of wave agitation vhere starfish have
difficulty in remaining attached to coralla other than ramose iorms and, as a
result, selective predation occurs. JFuture asscssment of coral damage caused
by A. pianci on the wave-assaulted regions of the reef front zones, and po:ssibly
the recef margin as well, must, therefore, be made with care. It is within this
scetion of the reef front where near optimum coral reef development takes
place and probably optimum coral growth rates as well. Many regions on

Goam nd othier poarts of the Indo-Tacitie pogsess roefs thal hwve undergon:
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A. planci piredation in the past several years. Resettlement :nd regeneration

of specific [ast growing corals may by now have obscured coral damage in
certain recf zoncs,

Quantitative trancect data for the submarine terrace and seaward slope
zones at Tumon Bay was not recorded hefore A. planci predaiion there, but
visual observations of these zones were made. These observations indicated
nearly the same species composition and reef development as was found at the
outer parti of the reef front. The number of major coral species and genera
observed in thesc zones is shown above. These totals are not high because
complete species lists were not obtained, and therefore, the Jow number of
species reported does not mean that reef development and surface coverage
was not originally high there. Observations of dead coralla found in this zone
at Tanguisson Point indicate a similar degree of development as that which was
pr‘"eviously found at Tumon Bay. The number of species founc living on the
submarine terrace and seaward slope at Tanguisson Point is ;omewhat higher
than at Tumon Bay because of the detailed transect study usec there, but the
total reef surface occupied by them averages less than 1 per -ent of surface
coverage, It was in these two zones that A. planci predation was the most
intense. It was astounding to see such large arecas of previously living coral

killed in less than a year's time by A. planci.

Coral Crowth Form Distribution

Arborescent growth forms of corals are abundant on the inner reef flat
subzone at Tumon Bay, where the quiet waters of the moat support large
thickets of "staghorn' Acropora species. This growth form is not present at
Tanguisson Point on the reef flat zone because the reef surface is exposed at

low tide. Stoutly branched arboresceni species such as Acropora abrotanoides

and A. smithi are found on the reef margin and reef front zones.
Solitary corals, represented by Fungia fungiies, were found in large

cluglors sover 160 mdividnals) ia reel margin ond roey front pools at Naton
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transccet, and by Cycloseris species in deceper parts of the trensects at both
study lccations. Nearly all of the Fungia populations were later killed by the
June and July, 1768, peak Acanthaster infestation perind.

Folitceous growth forms of Pavong species were found v dely scattercd
over the reef flut zones at the Tumon Bay transects., TFoliace)jus growth forms
are not usually found on the reef margin and reef front zones, except in
sheltered pools, holes, and cavernous regions of the reef maigin, These

growth forms become more abundant in the deeper water founl on the seaward

slope. 1n this deeper zone Porites (S.) hocizonialata forms tiers of plates,

which may develop into large contiguous masses., A dead colimy of this species,
measuring 6 m across, was observed on lransect A at Tanguisson Point. At

Tumon Bay Porites (8.) convexa and Porites (S.) iwayamaens s typically form

large columnar coralla, which at the base develop large, reniform, foliaceous
plates which account for nearly half of the living reef surface area at some
locations. Dead coralla with this same development were observed at
Tanguisson Point. ,

Encrusting, cespitose, and massive growth forins are best developed on the
reef front and submarine terrace zones. Thesge fofms also tend to be adaptable

to most habitats and consequently are fairly abundaut in all zcones.

Large colonies of Millepora platyphylla and Heliopora cocrulea commonly

develop a flabellate growth form. Millepora platyphvila is most common i1 the

reef margin and reef front zones, where encrustation by basa. parts of the
flabellate colonies may cover extensive arcas. Ileliopora ma: be found in any
zone, but is more common where the submarine terrace merges into the s2a-

ward slope.

The phaceloid growth form develops in Fuphvllia glabrescens on the reef
flat at Tumon 135y and I'y Lobhophyllia species on the reef fron. and submarine
terrace zones.

The cespitose growth form is common in all zones, even in the wave
agitnted inner reef front and reef marvgin, where some of the nost fragile

colonies of this growth form are to he fomd,
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The corymbhose growth {form is most common in the reef margin and reaf
front zones, where it is represented almost exclusively by Actopora species.

Comparison : ! Table 3 and 4 with Table 8, 9, and 10 shows an increase in
the number of encrusting forms and a reduction in the number >f corymbosc
and cespitose forms where A. planci predation occurred. 1In fict, a major
shift in coral growth forms of this nature has occurred at Tanguisson Point

on all reef zones that were infested with A. plangi.

Coralla Bize Distriluition

There has hcen a shift in coralla size in all reef zones, wiere corals were
killed by Acanthastfer, except where predation was less intensive at the reef
margin and inner part of the reef front. At Tanguisson Point: early 90 per cent

of the coralla found in zones of previous starfish predation were less than 10 ecm
in &iameter, whereas at Tumon Bay less than 50 per cent werc in this size
range for the same zones. Reduction in coralla size in regions of starfish
predation is due to the small size of newly established coralla and the smali size
of regencrating sections of older, larger coralla that survived the initial

A. planci predation.

The Acropora (staghorn) thickets on the reef flat at Tumon Bay accoun: for
the large coralla encountered there. In this study, a circular contiguous patch
of Acropera is considered as a single corallum, since it probsbly originated
from a single progenitor.

At Tumon Bay many large colonies (1 fo 4 m) found in the reef front,
submavine terrace, and seaward slope zones are represented by massive growth
forms that take many years to develop, possibly as many as 100 years (personal
communication with T. F. Goreau). The number and size disiribution of these
larger coralla is a good index by which to estimate the relative age of a coral
community. 1 a reef communily contains a high number of large coralla

(1 to 1 m1 diameter) with massive growth forms of genera such ag Porites,
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relatively long, uninterrupted growth, 1f a reef community ig somposed of

small, uniform colonics of the massive growth form of the abp(‘!etgsnera' its

relative age is pr ohably much less. Using these criteria t !
¢ . o estimate relative
age, the coral reef communities at Tumon Bay and Tanguisso Point were
]

prior to A. planci predation, about the same age.

Resettlement and Regeneration

At Tanguisson Point, starfish predation was inténsive on the submarine
terrace and seaward slope, and the resulting predation has le t less than
1 per cent of the reef surface covered with living coral growtl . Resettlement
and regeneration has not taken place in these two zones to the extent that it has
in the wave agitated parts of the reef front, possibly because of the following
'factors: (1) more intensive predation in these zones has left fewer seed
pzipulations of corals to initiate coral resettlement and regeneration, (2) less
optimum coral growth parameters occur at these two zones, (3) low level
A. planci predation is in equilibrium with coral regeneration und development
in these zones, or (4) the standing crop of various seasonal species of algae is
greater on scaward reef zones where corals have been killed by A. planci
that it is on scaward reef zones where Juxuriant coral development is found
(personal communication with R. T. Tsuda), which may prevent planulae
settlement or retard and kill newly developing patches of coral.
Tanguisson Point fringing reefs. A. planci are obscrved on nearly every field
trip to these locations in numbers slightly above the normal population density
level established by Chesher (1969b). This low level persistence of starfish
predation may be just keeping pace with the re-establishment by coral planulae
and regeneration of small corallum sections that have survived earlier
predation. If low levels of starfish infestation continue, re-establishment of the

luxuriant coral reefs that were once found along the northwest coast of Guam

nay take a longer time than anticiputed,
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A continuation of reef resettlement and regeneraiion stud’es at
Tanguissen Doint during the next few years will, hopelully, provide data
that will be uselu in the assessment of some of the above, or other, factors

controllis rect recovery at these two zones.
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