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Purposeand Scope of the Study: In February, 1967, the coral eating "Crown-of­
Thoms" starfish, Acanthaster plane; (LINNAEUS), was noted in above normal population
densities, along local portions of the relatively sheltered northern half of Tumon Bay
(Fi" 1) Th~ infestation snread tn Tanonisson Pnint Inr~t~n ? 4 kilometers nnrth nf

Introduction

A recent infestation of the "Crown-of-Thorns" starfish, Acanthaster plane; (L.), killed a high propor­
tion of the fringing reefsof Guam. This study is a distributional analysis of the state of the extant coral
community to determine whether or not recovery is taking place. The study region is located
at Tanguisson Point, Guam, where prior to the starfish predation a well developed fringing reef
occurred. This region was heavily infested by an Acamhaster planci population from June, 1968to
September, 1968. The infestation resulted in the death of more than 95 percent of the reef building
(hermatypic) corals.

Distributional analysis of the reef corals was undertaken in 1970with the establishment of three
permanent transects in the study area. The distributional analysis includes: I) species diversity and
the relativeabundance of each species; 2) percentage of substratum surface occupied by livingcorals
for each reef zone; 3) distribution of corallum size by reef zone; and 4) distribution of coral growth
forms by reef zones.

In 1971, one year later, a second distributional analysis of reef corals was conducted on the
same transects. A comparison of data from the two periods indicates that some reef recoveryis taking
place, and changes have occurred in all the above parameters studied. Species diversityhas increased
in all reef zones. A total of 33genera and 96 specieswere recorded in 1970. One year later 38 genera
and 111species were found. Percentage of substratum covered by living corals has increased in all
reef zonesexcept the reefmargin. Increases in percentage of living coral cover range from 1.6percent
on the seawardslopezone to 3percent on the submarine terrace nnd reef front zones. The total number
of coral colonies recorded on the transects has increased from 1302in 1970 to 2116 in 1972. This
increase in the number of newly established coral colonies has resulted in a net decrease in average
corallum size. There has been an increase in the number of colonieswith incrusting growth forms and
a decrease in colonies with massive growth forms.
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which empties onto the reef platform at the intertidal (littoral) zone (Fig. 2). The
primary objective of the grant was to obtain baseline data, before the plant became
operational, for use in determining the effects of the heated outfall water upon the
fringing reef ecosystem. A secondary objective was to monitor the recovery rate of
corals in the reef zones killed by A. planet, The purpose of this study is to assess,
over a period of one year, the changes that have occurred in the distribution of the
reef corals in the Tumon- Tanguisson region. Three permanent transects were
established (Fig. 3) and the first distributional studies conducted in 1970,one year after
the initial A. planci infestation. A second study was conducted in 1971, on the same
transects, two years after the initial A. planci infestation.
Previous Work: Little previous work has been done on the fringing reefs of Guam
with respect to coral distribution. Most studies are of a geological nature, dealing
mainly with various physical parameters of the reef complex.

Some coral collections were made on Guam and Saipan by CLOUD(1954 and 1959),
f"l" ..,"" r' <: fTPnlrlf';.,... ..'t ~"r'lP"~ "f thflllC'P hun j""·lnr4i: A 1'cot (\f rnr"·,1 OP"pr~ \,,~,<; rnm _

FiS. 2. Aerial view of the Tanguisson Point power plant and study area. Northern limestone
plateau (A). intake channel for power plant (B). outfall from the power plant (C), reef flat zone
{OJ. reef margin zone (E). reef front zone (F). and submarine terrace zone (G).
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Tumon Bay (Fig. 2), sometime between June, 1968, and September, 1968. By April,
1969, nearly all the starfish had migrated out of the Tanguisson area, leaving over 95
percent of the reef building (hermatypic) corals dead in the area seaward of the reef
front zone.

In September, 1969, the University of Guam Marine Laboratory was awarded a
grant from the Environmental Protection Agency (Grant No. 18050-EUK) to study
the marine environment at the proposed site of the Tanguisson Point electric power

Fig. 1. Fringing reefs of Guam; reef platforms are in heavy black. Map modified from
EMERY (1962).
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Tumon Bay Tanguisson Tanguisson
control reef Point 1970 Point 1971--- -Stylocoeniella armata (EHRENBERG),1834 .36 1.69 .95

Psammocora contlgua (EsPER), 1797 (5.03)
Psammocora exesa DANA, 1846 .03 .15
Psammocora nierstraszl VANDERHORST. 1921 .33 1.23 .71
Psammocora profundacella GARDrNER,1898 .33
Psammocora stellata (VERRILL),1866 (J:)
Psammoeora verrilli VAUOHAN,1907 ,
Psammocora (S.) logianensis UMBGROV£,1940 .18
Psammocora (P.) haimeana MILNEEDWARDS& HAUoIE.1851 .03 .38 .28
Psammocora sp. 1 .10
Stylophora mordax (DANA), 1846 .64 1.00 .43
Seriatopora hystrix (DANA), 1846 .18 .05
Poclllopora brevlcornis LAMARCK,1816 .30
Poclllopora damicornis (LINNAEUS),1758 (5.84)
Poclllopora danae VFRRllL, 1864 .12
Pocil/opora elegans DANA, 1846 ,
Poclllopora eydouxl MILNEEDWARDS& HAIME,1860 .64 .15 .24
Pocillopora llgulata DANA, 1846 # , .05
Poclllopora meandrlna DANA, 1846 .79 2.61 2.98
Pocillopora setchelli HOFFMEISTER,1929 1.12 1.77 .71
Pocil/opora verrucosa (E.lLlS& SolANDER), 1786 4.03 3.23 2.36
Pocillopora sp, 1 .38 .38
Acropora abrotanoides (LAMARCK),1816 .42 .54 .19
Acropora acuminata VERRILL,1864 (5.42)
Acropora arbuscula (DANA), 1846 (,)
Acropora aspera (DANA), 1846 (10.69)
Acropora hrlleggemallni (BROOK),1893 .18
Acropora eonvexa (DANA), 1846 ,
Acropora cuneata (DANA). 1846 .03
Acropora diversa (BROOK),1891 ,
Acropora humills (DANA), 1846 .55 .61 .43
Acropora hystrlx (DANA), 1846 .18 1.31 .28
Acropora kem! (BROOK),1892 , , .14
Acropora monticulosa (BRUGGEMANN),1879 :
Acropora murrayensls VAUOHAN,1918 .24 .92 .10
Acropora nana (STUDER),1879 2.67 2.84 3.31
Acropora nasuta (DANA), 1846 12.69 1.23 1.75
Acropora nobilis (DANA), 1846 ,
Acropora ocellata (KlUNZlNGER), 1879 .61 # .05

Table I. Check list of corals and their relative frequency of occurrence. Relative frequency
for each species is expressed as a percentage of the total number of colonies found
on a transect. rll indicates that the species was not found on the transects proper,
but was observed in the study area. ( ) indicates a species more or less restricted
to the reef flat at Tuman Bay.]
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from "Reef Traverse 2, at Tumon Bay." The following genera are reported: I)
from the reef margin-A cropora, Pocillopora, Favia, and M illepora; 2) from the reef
flat-Porites in the outer part, Acropora, Pavona, and Pocillopora in the inner part.
In 1968, RANDALL(1971) made a distributional analysis of the reef corals at Tumon
Bay, prior to the A. planet infestation and reported 36 genera and 146 species from the
region (Table 1).
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Table I. (Continued). Table 1. (Continued).

Tuman Bay Tanguisson Tanguisson
Tumon Bay Tnnguisson Tanguisson
control reef Point 1970 Point 1971

control reef Point 1970 Point 1971
Acropora smlth! (BROOK), 1893 .55 .23 .24 Pavona (P.) sp. 1 .45
Acropora squarrose (EHRENBERO), 1834 :I : J Pavona (P.) sp. 2 #
Acropora studeri (BROOK), IS93 I.IS .84 Pavona (P.) sp. 3 .54 .57

.33 .23, .05Acropora surculosa (DANA), 1846 1.06 .69 .80 Leptoserls hawaiiensis VAUGHAN, 1907 .03

Acropora syringodes (BROOK), 1892 .30 ~ .47 Leptoseris incrustans (QUELCH), 1886 .03
.05Acropora valida (DANA), IS46 .39 .IS .14 Leptoseris mycetoseroldes WELLS, 1954 :Acropora wardii VERRILL, 1901 Pacnyseris speciosa (DANA), 1846 II ..

. 10
..

Acropora sp, 1 .79 .07 Anomastraea sp. I .47
.57

Acropora sp. 2 .03 Cosrlnaraca coillmlla (DANA), 1846 .18 .07

Acropora sp. 3 # Cycloseris cyclolites (LAMARCK I, IS01 .23

Astreopora gracilis BERNARD, 1896 .27 .31 .24 Cycloseris sp. 1 .15 .19

Astreopora lister! BERNARD, 1896 # er.~- Fllngia {ungites var, inclsa DOEDERLE1N, 1902 ~
Astreopora myriophthalma (LAMARCK). 1816 .15 .23 .SO Fungia {llngites var. stylifera DOEDERLEIN, 1902 .06

Astreopora sp, I Fungla scutaria LAMARCK, IS01
.. .05

# ..
Montlpora acanthella BERNARD, 1897 (~) Goniopora columna DANA, 1846 ~ .2.1 .19

Momlpora composita CROSSLAND, 1952 ~ Goniopora sp, 1 .21 .05

Montipora conicula WELLS, 1954 .39 .23 .76 Goniopora sp. 2 .09 .24

Montipora elschneri VAUGHAN, 1918 .30 .76 .99 Porites annae CROSSLAND. 1952 (.09)
Montipora fioweri WELLS, 1954 .. Porites australiensis VAUGHAN, 1918 .42 .61 1.51..
Montipora foveolata (DANA), 1846 .39 .61 .10 Porites cocosensls WELLS, 1950 (.36)

Montipora granulosa BERNARD, 1897 .15 .05 Porites compressa VAUGHAN. 1907 (.18)

Montipora hoffmeisterl WELLS, 1954 .27 .07 .28 Porites duerdeni VAUGHAN, 1907 (~)

Montipora tobulata BERNARD, 1897 .09 Porites lichen DANA, 1846 :: .76

Montipora monasteriata (FORSKAAL), 1775 .27 .23 .33 Porites lobata DANA, 1846 1.67 1.08 4.73

Montipora patula VERRILL, 1869 .. Porites lutea MILNE EDWARDS &. HAIME. 1851 2.60 3.69 2.22..
Montipora planillscllia DANA, IS46 (::) Porites murrayensls VAUOHAN, 1918 ::
Montipora spumosa (LAMARCK), 1816 .. Porites sp. I 2.79 2.23 .38..
Montipora stilosa (EHRENBERG), 1834 :: Porites sp. 2 .03 ,
Montipora tuberculosa (LAMARCK), 1816 .24 .23 Porites (S.) convexa VERRILL, IS64 .42 :: .10

Montipora verrilli VAUGHAN, 1907 Porites (S.) hawallensis VAUGHAN, 1907 " .07 .85
2.51 4.99 5.39 <II

Montipora verrucosa (LAMARCK), 1816 .39 .24 ,~- Porites (S.) horizontalata HOFFMEISTER, 1925 :: .07

Montlpora sp, I .75 1.46 2.08 Porites (S.) iwayamaensis EGUCHI, 1938 1.03 1.23 1.13

Montipora sp. 2 .09 .46 .24 Porites (S.) sp. 1 ::
Montipora sp, 3 Alveopora verrtlliana DANA, 1872 .09 .. ::

•03 .61 1.65
..

Montipora sp. 4 .3S .71 Favia favus (FORSKAAL), 1775
, .76 .24

Montipora sp. 5 .3S .19 Favia pallida (DANA), 1846 .48 3.92 2.0S

Monunora sp, 6 .28 Favia speciosa (DANA), 1846 .30 2.13

Montipora sp. 7 .05 Favia stelligera (DANA), 1846 2.13 5.38 3.64

Pavona clavus (DANA), 1846 Favia rotumana (GARDINER), 1889 .. .15 .14
1.36 1.38 .19 ..

Pavona decussata (DANA), 1846 (.48) Favites abdita (ELLIS &. SOLANDER), 1786 .03

Pavona divaricata (LAMARCK), 1816 (::) Favites complanata (EHRENBERG), 1834 .67 1.31 2.0S

Pavona frondifera (LAMARCK), 1816 (,) Favltes favosa (ELLIS &. SoLANOER), 1786 .15 .14

Pavona varians VERRILL, 1864 .91 3.99 3.31 Favites flexuosa (DANA), 1846 .07
"IA

Pavona gardineri VANDER HORST, 1922 :: 10 /:,.",;I",r ••:Plt ..... In ...,4 \ t gAl:



Methods

Three permanent transects (A, B, and C) were established at right angles to the
reef margin at Tanguisson Point (Fig. 3). Stations were established at IO meter
intervals along the transect lines from the intertidal (littoral) zone to a depth of 30
meters on the seaward slope zone (Fig. 4). These station locations were permanently
marked by placing three to five links of ship anchor chain (4.7 kilograms per link) at
each. Stations were identified by attaching numbered fiberglass cards to the anchor
chain links. For ease in locating the transect stations the numbered cards were
suspended approximately 0.5 meters above the anchor links by a plastic float (Fig. 5),
At .. ·,,,h "t'lt;nn _I ..",f",r",n".. "n;nt u/q" ",.:t<lhli ..h",r1 <It thl" nnint. where the numbered

A. plane; population movements, densities, feeding behaviour, relative coral predation
rates, control measures, and possible causative factors related to the sudden increase
in numbers of starfish in various Indo-Pacific regions. TSUDA(1971) describes the
current status of A. planci on Guam with regard to population densities, location of
infested reefs, and an extent of the coral damage.
GeneralDescription of the Study Area ami Control Area: The fringing reefftat platform
along this section of coastline is relatively narrow (Figs. I and 2) and is bordered by
steep limestone slopes and cliffs (Fig. 2). The reef flat platform ranges in width from
70 meters at Transect A to 110 meters at Transect C. TRACEYet 01. (1964) decribes
this region of coastline as possessing well developed fringing reefs with a luxuriant
growth of corals.

In order to establish coral recovery rates for the Tanguisson Point study area it
was necessary to use data from the distributional work done by RANDALL(1971) at
Tumon Bay. This work shows that with the exception of the reef flat platform, the
reef zones at Tumon Bay and Tanguisson Point were fairly similar in respect to coral
distributional, topographical, and developmental features. Because of these similari­
ties and the previous coral distributional studies conducted there, the Tumon Bay reef
is used as a control to establish baseline data for determining the degree of coral reef
recovery at Tanguisson Point.

At Tanguisson Point the greatest A. planci damage to reef corals was more or less
restricted to the seaward slope, submarine terrace, and the outer part of the reef front
zones. Some local damage occurred on the inner half of the reef front and the reef
margin zones. Acanthaster damage followed a similar pattern at Tumon Bay except
for the reef margin and inner part of the reef front zones, where reduced wave and
surf activity found there enabled the starfish to more effectively attach to the corals in
these zones.
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Other work on the reefs of Guam was done by STEARNS(1940), CLOUD(1951),
and TAYAMA(1952). Coral distribution was not included in these studies. A study
of the marine geology of Guam by EMERY(1962) includes investigations of submarine
slopes, lagoon floors, channels through fringing reefs, beaches, and rocky shores.
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476 R.H. RANDALL

Tuble I. (Continued).

Tumon Bay Tanguisson Tanguisson
control reef Point 1970 Point 1971

Plesiastrea sp. 1 .27
Goniastrea parvistella (DANA), 1846 .46 1.31 .99
Gonkutrea pectlnata (EHRENBERG), 1834 .84 1.04
Goniastrea retiformls (LAMARCK), 1816 3.48 6.68 7.14
PlalYllyra rustica (DANA), 1846 .39 .69 .10
Platygyra lamellina (EHRENBERG), 1834 .05
PlatYllyra sinensis (MILNE EDWARDS & HAIME), 1849 .33 .61 1.23
Lcptoria gracilis (DANA), 1846 1.36 2.53 1.23
Lcptoria phrygia (ELLIS & SoLANDER), 1786 .09 2.30 .80
Hydnophora microconos (LAMARCK), 1816 .33 .07 .14
Leptastrea bonae (MILN[ EDWAROS & HAIME), 1849 :
Lcptastrea purpurea (DANA). 1846 2.27 2.46 4.40 ,,~reLeptastrea IraIISI'C'r.fU(KLUNZINGER), I t!79 1.31 1.65
Leptastrea sp. I .21 1.08 3.97
Cyphaslrea chalcidicum (FORSKAAL), 1775 .28
Cyphastrea serailia (FORSKAAL), 1775 .36 .07 1.13
Cyphastrea sp. I .51 .46
Echlnopora lamellosa (ESPER), 1787 .09 .38 .10
Diploastrea heliopora (LAMARCK), 1816 .09 # .14-Galaxea fascicularis (LINNAEUS), 1758 .24 1.38 .14
Galaxea hexagollalis MILNE EDWARDS & HAIME, 18S7 2.36 8.29 7.69
Merulina ampltata (ELLIS & SoUNDER), 1786 .OS
Lobophyllia corymbosa (FORSKAAL), 1775 .27 .31 .14
Lobophyllta costata (DANA), 1846 .21 .46 .19
Acanthastrea echinata (DANA), 1846 .48 2.53 .71
Echinophyllia asper ELLIS & SoUNDER, 1786 .23 .8S
Mycedlum sp. 1 .14
Paracyathus sp, 1 #
Polycyathus sp. 1 #
£uphyllia glabrescel/s (CHAMISSO& EVSENHARDT), 1821 #
Heliopora coerulea (PALLAS), 1766 .24 .07 .10

~ -Millepora dichotoma FORSKAAL, 1775 .18 .07 S
MiJlepora exaesa FORSKAAL, 1775 .88 1.15 1.94
Mtllepora platyphylla HEMPRICH & EIIRENBERG, 1834 J.l2 1.77 1.23
Distochopora violacea (PALLAS), 1776 .09 .38 .14

100% 100% 100%
Total number of colonies 3302 1302 2116



The first distributional analysis of the reef corals was made during the first six
months of 1970, and the second analysis during the same period in 1971. Living
corals were found at 59 stations in 1970, and at 65 stations in 1971(Fig. 6). In regard
to stations with living corals present from 1970 to 1971, there was a gain and a loss of
one station each on the outer reef flat lone, a loss of one station on the reef margin

Results and Discussion

each study period. the seaward adjacent corner of each grid was placed on the reference
point. The adjacent sides of these two grids were then visually aligned with the next
shoreward station marker. Facing in a shoreward direction the right and left hand
quadrats were given the numbers one (I) and two (2) respectively. After positioning
of the quadrat grids the following data were recorded from each: I) the transect station
number; 2) the quadrat number; and 3) the specific name, size, and growth form of
each living coral found within the confines of the grid .

Various coral growth forms listed in Table 6 follows, for the most part, those
described by WELLS (1956). A columnar form was added which differentiates an
intermediate mode of development between the massive and ramose forms. Ramose
forms were subdivided into corymbose, cespitose, and arborescent modes of branching .

Size measurements of coral colonies were determined by using a meter stick with
moveable trammel points. If the coral colony was more or less circular, measurement
was made at the widest point across the corallum. If the colony was irregular, its
outline was sketched and several measurements of length and width were recorded.

For tbe purpose of coral distributional analysis the fringing reef platform and
offshore slopes were divided into zones based on those described by TRACEYet al.
(1964). These zonal divisions (Figs. 2 and 4) are based on various physical parameters
such as degree of reef surface exposure at high tide, degree of reef surface submergence
at low tide, amount of submarine slope, and reef topographical features which are
controlled by growth and erosional processes.

Transect locations were based upon the location of the power plant outfall site
(Fig. 3). To study the direct effects of the heated water, Transect B was placed at
the outfall site itself. Since the inshore current patterns were not known at Tanguisson
Point, two control transects, one on each side of the outfall site, were established (Fig.
3). Lengths of the transects vary, because of slight differences in submarine topo­
graphy, as follows: 1) Transect A, 300 meters with 30 stations; 2) Transect B, 330
meters with 33 stations; and 3) Transect C, 290 meters with 29 stations. Figure 4 is
a cross sectional profile of Transect B and shows the location of the various reef zones
with respect to depth.
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Fig 4. Reef profile of Transect B at Tanguisson Point. Vertical exaggeration X 5.
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Figure 6 shows the number of genera and species for each transect by stations
and reflects more exactly where changes have occurred. Two artifacts are present in
Fig. 6. The first is at Transect A on the reef margin zone and the second at Transect
B on the reef margin and inner (shoreward) part of the reef front zones. At both of
these transect locations a reduction in the number of genera and species has occurred.
At Transect A this reduction was caused by a bloom of a bluegreen alga, Anacystis
dimidiata DROUET and DAILY, which, in a small localized region, covered nearly 100
per cent of the reef surface. Many corals were killed as a result of their living tissues
being covered by gelations shards of this alga. At Transect B the reduction was caused
by the presence of heated effluent from the power plant outfall. Transect B bisects a
portion of the outfall plume. Nearly all the corals have been killed on the reef margin
and inner (shoreward) part of the reef front zones. Figure 6 graphs, otherwise, show
that greatest changes in the number of genera and species has taken place on transect
stations located on the submarine terrace and seaward slope zones. An analysis of
Fig. 6 reveals that: 1) for the 23 stations at Transect A, where living corals were
found, the generic total has increased at 15, decreased at 6, and remained unchanged
~• .., ~~~ .1.A r_An;!;n +~+ ..1 h.,~ ;n ...t'...,~....1"t III an..1 ..1 .. ,.. .... "" .. ,1 "t ". ?) fnr- th ... ?.:1 ~t"tinn"

Reef Zones Tanguisson Point 1970 Tanguisson Point 1971
Genera Species Genera Specin

Inner reef flat 0(0) 0(0) 0(0) 0(0)
Outer reef flat 2 (2) 2 (2) 4 (I) 5 (2)
Reef margin 12 (12) 21 (21) 10 (10) 21 (20)
Reef front 24 (24) 70 (65) 21 (21) 68 (67)
Submarine terrace 24 (22) 47 (45) 27 (27) 70 (70)
Seaward slope 21 (19) 32 (28) 30 (30) 61 (61)

Table 3. Changes in the number of coral genera and species by reef zones at Tanguisson
Point from 1970 to 1971. Values enclosed by parentheses indicate the number
of coral genera and species found only on the transect stations. Values not
enclosed by parentheses indicate the number found on the transect stations plus
additional genera and species found by making observations of the reef surface
located between Transect A and Transect C.

to the starfish infestation period.
A zonal analysis (Table 3) shows very little change in the number of genera and

species on the inner reef Oat, reef margin, and reef front zones. Only small changes
should be expected in these zones since there has been comparatively little Acanthaster
damage to the corals on this part of the reef. Greatest changes have occurred in the
submarine terrace and seaward slope zones where Acanthaster predation on corals
was more intense.
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For the reef as a whole, Table 2 shows that the total number of genera has in­
creased by five at Tanguisson Point from 1970 to 1971. This increases the total
number of genera found at Tanguisson Point in 1971 to 38, which is greater than the
total of 36 found at the Tuman Bay control reef prior to the A. planci infestation

Tumon Bay Tanguisson Point Tanguisson Point
Control Reef (1968) (1970) (1971)
Genera Species Genera Species Genera Species

Hermatypic e :e
Scleractinians 31 (29) 139 (98) 30 (27) 91 (81) 35 (33) 106 (103)

Ahermatypic
Scleractinians 2 ( 0) 2( 0) 0(1;1) 0(0) o ( 0) O( 0)

Non-Scleractinians 3 ( 3) 5 ( 5) 3 ( 3) 5 ( 5) 3 ( 3) 5( 4)

Totals 36 (32) 146 (103) 33 (30) 96 (86) 38 (36) 111 (107)

Table 2. Number of genera and species for the major groups of corals found at Tumon
Bay (1968), Tanguisson Point (1970), and Tanguisson Point (1971). Values
enclosed by parentheses indicate the number of coral genera and species found
only on the transect stations. Values not enclosed by parentheses indicate the
number found on the transect stations plus additional genera and species found
by making observations of the reef surface located between Transect A and
Transect C.

colonies have settled in the submarine terrace and seaward slope zones. Settlement
of most of the remaining new colonies took place on the outer half of the reef front zone.
Species Composition,' Table I lists the coral species composition along with their
relative frequency of occurrence on the fringing reef at Tanguisson Point during the
1970 and 1971 study periods and for the Tumon Bay control reef studied in 1968. At
the control reef J 5 species are more or less restricted to the reef flat zones (Table 1).
These restricted species would not be expected to occur at Tanguisson Point because
the reef flat zones are poorly developed there and a well defined inner reef flat "moat"
is absent. For comparative purposes, then, the total number of species at the control
reef should be reduced to the 131 which could be found in equivalent zones at Tan­
guisson Point.

Table I shows that of a total of 96 species and 33 genera found at Tanguisson
point during 1970, all but nine species and one genus were found again in 1971. There
were 23 species and 6 genera of corals new to the Tanguisson transects in 1971. Of
these new corals, J 2 are also new to the Tumon Bay control reef. At Tanguisson
Point, from 1970 to 1971, the relative frequency of occurrence (Table 1) decreased for
51 species, increased for 34 species, and remained unchanged for 1 species,

R.H. RANDALL480
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C, where living corals were found, the generic total has increased at 16, decreased at
0 .~ I, and remained unchanged at 3, and the specific total has increased at 19and decreased
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would be exposed to the upper layer of outfall water, but also to the deeper surge
channel walls and floors. Temperature data indicates that wave and surf action
mixes the outfall water in the reef margin zone, therefore extending the vertical range
in which corals are killed. Seaward of the surf zone the warmer outfall water becomes
stratified and is generally restricted to the upper one meter water layer. It has little
effect on the living corals, since the water depth there is usually greater than one meter,
except where the upper parts of coral knobs, bosses, and pinnacles extend up into
this one meter layer.
Corallum Size Distribution: Table 5 lists the frequency distribution of corals by
diameter for each reef zone from 1970to 1971. The greatest change in size distribution
occurred in the 0-5 em range, where a 55 percent increase took place. This large
increase is due mainly to the new settlement and growth of coral planulae on the algal
incrusted surface of corals, previously killed by A. planet. Even though this large
increase took place between 1970 and 1971, 62 percent of the corals were also found
in the 0-5 cm range in 1970. Most of these colonies were represented, at that time,

Fig. 8. Corals killed by the outfall effluentat Transect B. This view shows the white skeletons of
pocilloporid and acroporid corals that were growing on the upper surface (A)of a reef front spur
and wall (B) of a submarine groove. Unconsolidated sediments arc visibleon the groove floor
at (C)•
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The increase in the total number of new coral colonies observed, the increase in
species diversity, and the increase in the percentage of reef surface covered by living
corals indicate that coral recovery is taking place at Tanguisson, Most of the coral
recovery is taking place in those zones where A. plane; infestation and the resulting
damage was greatest. The increases observed for the percentage of reef surface covered
by living corals is due to recolonization by the settlement of planulae and an increase
in size of the few surviving patches or colonies of coral that remained after the starfish
infestation period.

Based on a pre-Acanthaster value of 60 percent for the living coral surface coverage
at the Tumon Bay control reef and an average gain of 3.0 percent coverage for the
submarine terrace zone at Tanguisson Point, from 1970 to 1971, it will then take the
reef zone, there, about 20 years to attain the same degree of coverage found before
A. plane; predation. With a 50 percent pre-Acanthaster value for the living coral
coverage at the control reef and an average gain of 1.6 percent coverage for the seaward
slope zone at Tanguisson Point, from 1970to 1971, it will then take the reef zone, there,
about 31 years to attain the same degree of coverage as was found before A. planci
predation.

The above recovery rates were determined from one year of data and a simple
1!_ _ _,,1"' ..: ~H'.,,,·4 "~ft nnn ,."l ",,,,r untnnf"" fn"Af'III ;n tO~"7 ~",..t 10~Q A~t., .

Conclusions

tlement, then a marked increase in the number of encrusting growth forms should
be expected, since most newly settled corals go through an encrusting stage early in
their development. Table 6 shows that an increase from 788 colonies in 1970 to 1468
colonies in 1971 has occurred in the number of encrusting growth forms. Eighty
three percent of the above increase has taken place in the submarine terrace and
seaward slope zones. There has been decreases in the number of colonies in the reef
margin and reef front zones because of the corals killed by the algal bloom and outfall
plume at transects A and B respectively. Seventeen percent of the increase in en­
crusting growth forms occurred in the reef front zone. Most of this increase actually
took place on the outer part of the reef front zone where there was some A. plane;
damage. This reef front increase of encrusting forms should coincide with a cor­
responding increase in the same zone for corallum diameter in the 0-5 em range, but
due to optimum growth conditions found at this zone, these new colonies are mostly
distributed in the 6-10 em size range (Table 5). The reef front zone also shows some
gains in the number of corymbose and cespitose growth forms (Table 6) which are
attributable to newly colonized corals, but as above they have apparently passed
through their early encrusting growth form because of fast growth rates in this zone.
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Table 6. Distribution of corals by growth forms at Tanguisson Poinl from 1970 to 1971. (e
Data from transects A. B. and C are combined.

---
Outer Submarine Seaward All zones

Reef zones reef nat Reef margin Reef front terrace slope combined
Growthfrom 1970 1971 1970 1971 1970 1971 1970 1971 1970 1971 1970 1971
Massive 0 0 19 18 128 122 41 44 14 56 202 240
Encrusting 31 26 376 491 250 533 130 417 788 1468
Foliaceous 0 0 0 0 0 0 0 0 5 8 5 8
Flabellate 0 0 5 7 7 7 I II 0 0 13 25
Corymbose 0 0 13 24 29 50 0 4 0 2 42 80
Cespitose 7 7 112 91 80 107 S 29 8 20 232 254
Arborescent 0 0 I 0 8 12 0 0 0 2 9 14
Phaceloid 0 0 0 0 4 0 I (\ 2 7 7

plus some recolonization from planulae settlement from 1969 to 1971. Most of the
increase that look place in the 0-5 and 6-10 em size ranges occurred in the submarine
terrace and seaward slope zones where A. plane; activity was the greatest. There has
been a decrease in the number of colonies for most coral size ranges on the reef margin
zone and parts of the inner half of the reef front zone because of the coral kill due to
the algal bloom at Transect A and the outfall plume at Transect B. Most of the larger
coralla are found in reef zones which were not subjected to much damage from A.
planci,

Corallum Growth Form Distribution: If the observed increase in the total number
of new colonies found at the station quadrats are due to recent coral planulae set-

Outer Submarine Seaward All zones
Reef zones reef nat Reef margin Reef front terrace slope combined.__ .--
Dia, rang«
ill em 1970 1971 1970 1971 1970 1971 1970 1971 1970 1971 1970 1971
0-5 5 6 72 31 314 326 275 451 135 428 801 1242
6-10 2 I 53 92 200 317 43 146 25 77 323 633
11-15 I 33 22 59 77 2 29 0 14 95 143
16-20 0 0 9 8 18 30 0 3 28 42
21-25 0 0 5 6 13 13 0 2 0 18 22
26-30 0 0 4 4 11 14 0 0 0 15 19
31-35 0 0 0 0 2 4 0 0 0 0 2 4
36-40 0 0 0 0 6 I 0 0 0 0 6 I e::41-45 0 0 2 5 3 0 0 0 0 7 4
46-up 0 0 3 2 4 4 0 0 0 0 7 6
TOlals 8 8 181 166 632 789 320 632 161 521 1302 2116

Table 5. Distribution of corals by diameter at Tanguisson Point from 197010 1971. Data
from transects A. B. and C are combined.
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RANDALL:Most have left the study region, but a fewcan still be found in about normal popula­
tion densitiesat Tanguisson Point. This population pressure is of more significancewith the reduced
percentage of coral cover now found than when the reef surfacewascovered45 to 60percent by living
corals,

EDWARDS:Have the star-fish disappeared from the area?

RANDALL:At Tangutsson Point there was no significant increase in the percentage of reef
substrate coveredby soft corals, but at other placesalong the NWcoast there has been a recolonization
of reef surface by soft corals.

YAMAZATO:This is not a question, but a reference to your presentation. In Okinawa, we have
been experiencing the similar incidence of Acanthaster explosion. But here we have rapid growth
and spread of sort corals.
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Summary

I. During 1968 at Tanguisson Point, over 95 per cent of the living reef corals
were killed by A. planci in the submarine terrace and seaward slope zones.

2. The number of living coral colonies recorded on the Tanguisson Point transects
has increased from 1302 in 1970 to 2116 in 1971. Most of these new colonies have
developed in the submarine terrace and seaward slope zones.

3. The total number of coral genera has increased from 30 to 36 on the Tan­
guisson Point transects and from 33 to 38 when additional genera observed between
transects A and C are included.

4. During the study period, the total number of species has increased from 86 to
107 on the Tanguisson Point transects and from 96 to III when additional species
observed between transects A and C are included. From 1970 to 1971 there were
23 species and 6 genera of corals recorded that were new to the Tanguisson Point
transects. Of these new species 12 were also new to the Tumon Bay control reef.
Of all the species recorded in 1970, only 9 were not recorded again in 1971.

5. When increases in the number of genera and species are compared by reef
zones at Tanguisson Point from 1970 to 1971, there has been little change in the zones
where A. plane; damage was minimal (except for damage caused by the alga bloom
at Transect A and the power plant effiuent at Transect 8). The most significant
increases have occurred on the submarine terrace and seaward slope zones where A.
planci infestation and damage to reef corals was greatest.

6. The percentage of reef surface covered by living corals has increased on all
reef zones at Tanguisson Point except the reef margin at Transect A (reduction caused
by alga bloom) and the inner reef flat, reef margin, and reef front zones at Transect
B (reduction caused by power plant outfall). The greatest relative increase in the
percentage of reef surface covered by living corals has occurred on the submarine
terrace and seaward slope zones.

7. During the study period increases in coral size has been greatest in the 0-5 em
range and in the 6-10 range. Most of these increases have occurred in the submarine
terrace and seaward slope zones.

8. During the study period greatest changes in the distribution of coral growth
forms has been an increase of the encrusting types. Most of this increase has occurred

hypotheses are, at best, tenuous and based on gains in reef surface coverage by living
corals. For the reef to attain the massive framework development that was once
found in this region, it may take a much longer period of time-possibly as much as the
700 years predicted by the late T. F. GOREAU (1969).
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