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Abstract 

Distributional analysi s of the reef corals was undert a ken at Tanguisson Point in the 

early part of 1970, one year after the starfish infestation, and includes relative abundance 

of coral species and percentage of substrate occupied by living corals by reef zones and the 

distribution of corallum size and growth forms for the entire reef. By using coral distri­

butional studies conducted prior to the starfish infestation period on an adjacent reef at 

Tumon Bay, a baseline value was established for the above parameters . Using this baseline 

data it was found that the total number of species at Tanguission Point had decreased 

from 146 to 96, and the number of genera from 36 to 33. In the major zones of starfish 

infestation the per cent of reef surface covered by living corals dropped from 49 to 21 in the 

reef front zone , from 59 to less than 1 in the submarine terrace zone, and from 50 to less than 

1 in the sea ward slope zone. There was a relative decrease in all corallum size ranges 

except the 0-5 cm range and a relative decrease in all the coral growth forms differentiated, 

except the encrusting types. There is some coral recovery taking place as evidenced by 

the pre sence of small , newly establi shed corals from planula settl ement and the presence 

of small sur viving patches of previous living corals . 

INTRODUCTION 

In September, 1968, the Uni versity 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 electrical 

power generating plant. The primary objective of the grant was to obtain base­

line data, before the plant became operational, for use in determining the effects 

of the heated outfall water upon the fringing reef ecosystem. 

During the summer of 1968, the fringing reef along Tumon Bay and Tanguis­

son Point was heavily infested with the coral-eating crown-of-thorns starfish , 

Acanthaster planci (L.) . Preliminary investigation showed that most of the corals 

had been killed by this animal along the offshore reef slopes, except for a narrow 

band along the reef margin and inner reef front zones. Objectives of this study 

are: (1) To determine distribution of reef corals at Tanguisson Point in order to 

1 Contribution No. 40, University of Guam Marine Laboratory. Paper presented at a Sym­

posium on the "Biology and ecology of the crown-of-thorns starfish, Acanthaster pla11ci (L.) ", 

Pacific Science Association Second Inter-Congress, University of Guam, May 23-24 , 1973. 
2 The Marine Laboratory, University of Guam , P .O. EK, Agana, Guam 96910. 
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provide baseline data for assessment of possible changes induced by plant opera­
tions and evalu ation of reef recovery in regions previousl y devastated by A. plane; 
(Randall , in press). (2) To compare the present coral distribution data to that which 
occurred prior to the A. planci infestation . In the case of objective 2, coral dis­
tribution data prior to A . planci infestation are not available for the section of 
fringing reef adjacent to the power plant site , but comparable data are availa ble 
for a section of contiguous fringing reef located at Tumon Bay (Randall , 1973). 
The Tumon Bay coral distribution data are , therefore , used as a c0ntrol to aid in 
the estim ation of what the Tanguisson reef was like in an undisturbed condition. 

METHODS 

TRA NSECTS 

Three permanent transects (A, B, and C), were established at Tanguisson Point. 
Fig . 1 shows the location of these transe cts on the reef in respect to the Tumon 
Bay transects. Stations were established a t IO m intervals along the transects 
from the upper intertidal zone to a depth of 30 m on the seaward slope zone. These 
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Fig. I. Northwest coast of Guam showing the location of the Tanguisson Point 
and Tumon Bay transects . Stippled area denotes fringing reef flat. 
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(ion locatio ns were permanent ly marked by placing three to five links of ship 
st

achor chain (4.7 kgm per link) at each. Stations were identified by attaching num­

~nred fiberglass cards to the anchor chain links. At each station a reference point 

e 
5 

established at the point where the numbered card was attached to the anchor 
wa 
]"nks. Two wire grid quadrats , each one meter square, were positioned at the 
1
tation reference points. After positioning of the quadrat grids the following data 

:vere recorded from each: (I) transect station number ; (2) quadrat number; and 

(J) specific name, size, and growth form of each living coral found within the confines 

of the grid. . 

SIZE DETERMINATIO t AND GROWTH FORM 

The diameter of indi vidual coral colonies was measured with a meter stick 

with movable trammel points. If circular , the colon y diameter measurement 

was made at the widest point across the corallum . If the colony shape was not 

circular, its outline was sketched and several measurements were recorded. The 

various coral growth forms differentiated follow those described by Wells (1956). 

A columnar form was added which differentiates an intermediate mode of develop­

ment between the massive and ramose forms. A subdivision of ramose forms into 

corymbose, cespitose , and arborescent mode s of branching was made. 

RESULTS AND DISCUSSI ON 

COMPARISON OF CORAL REEFS AT TUMO N BAY AND 

T ANGUJSSON POINT 

The Tumon Bay and Tanguisson Point fringing reefs have been under surveil­

lance by the author since 1966. Comparisons of ph ysical reef characteristics and 

coral distribution indicate that the reef margin, reef front , submarine terrace, and 

seaward slope 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. A zonal description of the Tumon Bay fringing reef is given 

in Randall (1973) and need not be repeated for the Tanguisson Point region. The 

only zones not comparable at the two locations are the subzones of the reef flat, 

which were not infested with starfish during the population explosion stage. Based 

on the above assumptions, a comparison can be made of the coral communities 

between the two study locations. 
Table I lists the frequency distribution of coral species observed on the transects 

by reef zones. This table shows that 86 species representing 30 genera occurred on 

the three transects . Combining the number of species shown on Table 1 that did 

not occur on the transects, but occurred in the general region between transects A 

and C, the total number of species is raised to 96 representing 33 genera for the 

Tanguisson Point area (Table 2). Table 2 shows that the total number of living 

coral genera surviving the A. planci predation is nearly the same as that found before 

predation. The only genera not found at Tanguisson Point, after the starfish preda-



Tabl e 1. Relative frequency of occurrenc e and zonal distribution of corals at Tanguisson Point. Relative frequency of occurren ce N 

expressed as a percent age of the total number of coloni es found in a transect zone or combin ation of zones . D ata from 
0\ 

Transects A, B, and C are combined. The species are listed in order of decreasing frequen cy when all zones are combined . 

Reef Reef Subm arine Seawar d All Zones 
Name of Coral Margin front terrace slope combined 

No . Rel. % No. Rel. % No. Rel. % No. Rel. % No . Rel. % 
Galaxe a hexago nalis Milne Edwards & Haime - - 94 15.03 13 4 .06 I .62 !08 8.29 
Goniastrea reti/ormis (Lamarck ) JO 5.52 69 10.92 8 2.50 - - 87 6.68 
Fa via stelligera (Dana) 11 6.08 39 6. 17 20 6.25 - - 70 5.38 
Montipora verrilli Vaughan 12 6.63 31 4 .91 10 3. 13 12 7.45 65 4 .99 
Pa vona varians Verrill - - 13 2.06 39 12. 19 - 52 3 .99 
Favia pallida (Dan a) 3 1.66 18 2.85 18 5.63 12 7.45 51 3.92 
Porit es lutea Milne Edwards & Haime 5 2.76 9 1.42 17 5.31 17 10. 56 48 3.69 
Po cillopora verrucosa (Ellis & Solander) 12 6.63 21 3.32 8 2 .50 l .62 42 3.23 
Acropora nana (Studer) 14 7.73 23 3.64 - - - - 37 2.84 3:: 
Pocil/opora meandrina Dana 15 8.29 15 2.37 - 34 2 .61 ri" - - ..., 

0 
A canthastrea echinata (Dana) - - 24 3.80 9 2.81 - - 33 2.53 ::, 

(D 

"' Leptoria gracilis (Dan a) 8 4.42 20 3 . 16 5 I. 56 - - 33 2.53 ri" 
p., 

Leptastrea p11rp11rea (Dana) - - 4 .63 16 5.00 12 7.45 32 2.46 
L eptoria ph ryg ia (Ellis & Solander) 5 2.76 16 2.53 9 2.8 1 - - 30 2.30 
Porit es sp . 1 14 7 .73 10 1.58 - - 1 .62 29 2.23 
Mil/epora platyphylla Hemprich and Ehrenberg 14 7.73 9 1.42 - - 23 1.77 
Po cillopora setchelli Hoffmeister 12 6 .63 11 1. 74 - - - - 23 l. 77 
Sty/ocoenie/la armata (Ehrenberg) - - 8 1.27 4 1.25 10 6.21 22 1.69 
Montipora sp. 1 - - 6 .95 6 I. 88 7 4.35 19 1.46 
Galax ea fasci cularis (Linnaeus) - - 4 .63 6 l. 88 8 4 .97 18 I. 38 . 
Pavona c/avus (Dana) - - JO 1.58 8 2.50 - - 18 1.38 
Acropora hystrix (D ana) 8 4.42 9 1.42 - - - 17 1.31 
Favites complanata (Ehrenberg) - - 6 .95 6 1.88 5 3.11 17 1.31 
Goinastrea parvistella (Dana) - - 6 .95 11 3.44 - - 17 1. 31 
Leptastrea transversa Klunzi nger - - - - 4 1.25 13 8.07 17 1.31 
Plesiast rea versipora (Lamarck) 7 3.87 10 1.58 - - - - 17 l.31 
Acropora nasuta (Dana) 10 5.52 6 .95 - - - - 16 1.23 



Porit cs (Sy11araea) iwayamaensis Eguchi - - - - 4 1.25 12 7 .45 16 \.2) 
Psammocora 11iers/raszi van der Horst 3 1.66 10 . 58 3 .94 - - 16 1.23 
Millepora exaesa Forskaal - - 5 .79 10 3 . 13 - - 15 1.15 

L eptast rea sp. 1 - - 1 .16 - - 13 8.07 14 1.0 8 

Porit es lobata Dana - - 4 .63 10 3.13 - - 14 1.0 8 

Styloplwra morda x (Dana) - - 8 1.27 5 1.56 - - 13 1.00 

Acropora 11111rraye11sis Vaughan 8 4.42 4 .6 3 - - - 12 .92 

Acropora studeri (Brock) - - 6 .95 5 1.56 - - 11 .84 

Goniastrea p ectinata (Ehrenberg) - - - - 8 2 .50 1 1.86 11 .84 

Faviafavus Forskaal - - 4 .63 6 1. 88 - - JO .76 

Mo 11tipora elsc/111eri Vaughan - - 8 1. 27 2 .63 - - JO . 76 

Acropora surculosa (Dana) - - 7 1. l 1 2 .63 - - 9 . 69 

Plat ygy ra msti ca (Dan a) - - 6 .95 3 .94 - - 9 .69 

Acropora lzwnilis (Dana) - - 5 .79 - - 3 1.86 8 .6 1 < 
Montipora fov eolata (Dana) - - 4 .63 4 1.25 - 8 .6 1 2.. -
Mo11tipora sp. 3 - - 8 1.27 - - - - 8 .61 ~ 

Platyg y ra si11e11sis (Milne Edward s and Haime) 5 .79 3 .94 8 .61 t:::l 
- - - - (1> 

n 
Porit es australi e11sis Vaughan - - 3 .47 5 1.56 - 8 .61 

(1> 

3 
Acropora abrota11oides (Lamarck ) - - 7 1.11 - - - 7 .54 er 

(1> ..., 
Pavo11a (Poly astra) sp. 3 - - 4 .63 - - 3 1. 86 6 .46 -\0 

Cyplzastrea clzalcidic11111 (Forska al) - - 4 .63 - - 2 l .24 6 .46 -..J 
w 

Lobop l,yllia costata (Dana) - - 4 .63 2 .63 - 6 .46 

Mo11tipora sp. 2 - - - - 6 1. 88 - - 6 .46 

Acr opora palmerae Wells 4 2.21 1 . 16 - - - - 5 .38 

Distichopo ra violacea (Pallas) 5 2 .76 - - - - - - 5 . 38 

Echi11opora lam ellosa (Esper) - - 2 .32 - - 3 1.86 5 .38 

Mo11tipora sp . 4 - - 5 . 79 - - - - 5 .38 

Mo11tipora sp. 5 - - 1 . 16 4 1.25 - - 5 .38 

Po cillopora sp. 1 - - 1 . 16 4 1.25 - - 5 .38 

Psammo cora (Plesioseris) l,aim eana Milne Edwards 
& Haime - - - - - - 5 3. l I 5 . 38 

Astreopora gracili s Bernard - - 1 . 16 3 .94 - - 4 .31 

Lobophyllia corymbosa (Forskall) - - - - - - 4 2 .48 4 . 31 
N 

Acropora smitl,i (Brook) - - 3 .47 - - - - 3 .23 --..J 



Table l. Continued N 

00 
Reef Reef Submarine Seaward All Zones Name of Cora l Margin front terrace slope comb ined 

No . Rel. % No . Rel. % No. Rel. % No. Re l. % No . Rel. % 
A streopora my riophthalma (Lamarck) - - - 3 .94 - - 3 .23 
Cyc/oseris cyc/o lites (Lamarck) - - - - - - 3 1. 86 3 .23 
Echinophyllia aspera (Ellis and Solander) - - - - - - 3 I. 86 3 .23 
Goniopora co/umna Dan a - - - - I .3 1 2 1.24 3 .23 
L epto seris hawaii ensis Vaughan - - - - - 3 I. 86 3 .23 
Montipora co11ic11/a Wells - - 3 .47 - - - - 3 .23 
Montipora mona steriata (Forskaa l) - 3 .47 - - - - 3 .23 
M ontipora tubercu/osa (Lamarck) - - - - 3 .94 - - 3 .23 
Acropora 11a/ida (Dana) - 2 .32 - - 2 . 15 
Cyc/oseris sp. 1 - - - - 2 .63 - - 2 . 15 
Fa via rot11ma11a (Gardiner) - - - 2 .63 - 2 . 15 a::: Fa vites fa vosa (Ellis and Solander) - - - - 2 .63 - - 2 .15 o· .., Mo ntip ora gra1111/osa Bernard - - 2 .32 - - - 2 . 15 0 

::, 
Po cil/opora eydouxi Milne Edwards & H aime - 2 .32 - - - - 2 . 15 ~ 

i'i ' Psammo cora exesa D ana - - 2 .32 - - - - 2 . 15 p, 

Acropora sp. 1 - - 1 . 16 - - - - I .07 
Coscinara ea co/111n11a (Dana) I .53 - - - - - - l .07 
Cyphastr ea serailia (For skaal) - - I . 16 - - I .07 
Favit es f/ ex uosa (Dana) - - - - - - I .62 I .07 
H eliopora coerulea (Pallas) - - - 1 .31 - - I .07 
H ydnophora 111icroco11os (Lamarck) - - 1 . 16 - - - - I .07 
Mill epora dichotoma Forskaa l - - 1 . 16 - - - - I .07 
Montipora hojfmeisteri Wells - - l . 16 - - - .,,_ 1 .07 
Pa vona (Pse11doco/11m11astraea) pol/icata Wells - 1 . 16 - - - - I .07 
Porit es (Sy naraea) lw waiiensis Vaughan - - - - - I .62 1 .07 
Porit es (Synaraea) horizontalata Hoffmei ster - - - - - - I .62 l .07 

Tot als 181 632 320 161 1302 
Total species 21 65 45 28 86 
Total genera 12 24 22 19 30 
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. n but that were earlier found at Tumon Bay before the starfish predation were 
uo ' 
£uphyllia, Paracyathus , and Polycyathus. Of these three genera, two Euphy llia 

and p 0 /ycyathus, are more or less restricted to the reef flat, and Paracyathus is an 

abermatypic coral of little importance in terms of reef building. The high number 

Table 2. The following data summarize the number of genera and species 
for the major divisions of corals at Tumon Bay and Tanguisson 

Point reefs. 

Tumon Bay Tanguisson Point 

Hermatypic Scleractinians 
Aherma typic Scleractinians 
Non-Scleractini ans 

TOTAL 

Genera 

31 
2 
3 

36 

Species 

139 
2 
5 

146 

Genera Species 

30 91 
0 0 
3 5 

33 96 

of genera surviving A. planci predation, even though of low density, may be essential 

in the recovery of devastated reefs if diversity of seed populations is an important 

prerequisite. 
The number of species found on the Tanguisson reefs after A. planci predation 

is 34 per cent less than that at Tumon Bay. The number is red uced to 27 per cent 
if those species (Randall, in press) that are specific for the reef flat moat , which is 

well developed only at Tumon Bay, are discounted. 

COMPARISONS OF CORAL DISTRIBUTION BY REEF ZONES 

The percentage of coral coverage and the number of coral genera and species 

that were observed or collected from the various reef zones at Tumon Bay and 

Tanguisson Point are shown in Table 3. Specific and cora l coverage differences 

between Tanguisson Point and Tumon Bay inner and outer reef flat subzones are 

not due to A. p lanci predation. Differences in physical parameters and lack of a 

well developed inner reef flat moat, that retains water at low tide, account for the 

near absence of corals in these two subzones at Tanguisson Point. Some A. planci 

predation occurred in the reef margin zone at Tanguisson , but not to the extent 

Tab le 3. Tota l number of genera and species, and average 
per cent of coral cover by reef zones. 

Tumon Bay Tanguisson Point 

Reef Zone Genera Species % Cover Genera Species % Cover 

Inner Reef Flat 18 48 5.4 0 0 0 
Outer Reef Flat 16 37 14.9 2 2 0.1 
Reef Margin 14 26 26.4 12 21 22 .6 
Reef Front 32 98 49.1 24 70 20 .9 
Submarine Terr ace 28 73 59. l 24 47 0 .9 
Sea ward Slope 26 57 50. l 21 32 0.5 
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that coral distribution was greatly changed there. 

A. planci predation has caused some damage in the reef front zone. A 29 

per cent reduction in the number of species and a 25 per cent reduction in the number 

of genera has occurred in this zone. Similarly, the amount of living coral coverage 

has been reduced 58 per cent. Coral damage to the reef front zone is not uni­

formly distributed across it. The inner (shoreward) half of the reef front zone at 

Tanguisson Point has a near pre-starfish number of genera and species and percent­

age of reef surface covered by living corals, while on the outer (seaward) half these 

parameters have been greatly reduced. 

The number of species found living on the submarine terrace and seaward 

slope at Tanguisson Point is much lower than at Tumon Bay because of the exten­

sive starfish damage . On the submarine terrace the number of species has been 

reduced about 36 per cent whereas the number of genera has been reduced by only 

14 per cent. Even greater changes occurred on the seaward slope where 'reductions 

of 44 per cent in the number of species and 19 per cent in the number of genera took 

place. The total reef surface occupied by living corals on the submarine terrace 

and seaward slope averages less than one per cent of surface coverage at Tanguis­

son, whereas at Tumon Bay the mean per cent of coverage at each zone was 59.5 

and 50.1, respectively. It was in these two zones that A. planci predation was most 

intense . It was astounding to see such large areas of previously living coral killed 

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

COMPARISON OF CORAL SIZE DISTRIBUTION 

There has been a shift in corallum size in all reef zones where corals were killed 

by Acanthaster . This shift was less intensive on the reef margin and inner part of 

the reef front zones where starfish predation was light. At Tanguisson Point 87 

per cent of the coralla found in the submarine terrace and seaward slope zones 

were less than 10 cm in diameter, whereas at Tumon Bay 52 per cent were 

in this size range for the same zones. Reduction in coralla size in regions of starfish 

Table 4. Size distribution of corals at Tumon Bay and Tanguisson Point. 

Diameter range Tumon Bay Tanguisson Point 

in cm No . of coral s Rel. Freq . No. of corals Rel. Freq. 

0- 5 825 25 801 62 

6-10 863 27 323 25 

11-15 503 15 95 7 

16-20 298 9 28 2 

21-25 210 6 18 

26-30 216 6 15 

31-35 104 3 2 < 1 

36-40 51 2 6 < 1 

41-45 40 < 1 7 < 1 

46-up 193 6 7 < 1 

TOTAL 3302 1302 
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d tion is due to the small size of newly established coralla and the small size of 
pre aerating parts of older, larger coralla that survived the initial A. planci preda­
~gen Table 4 shows the relative changes in corallum size for all reef zones com­uon. 
bined. 

COMPARISON OF CORAL GROWTH FORM DISTRIBUTION 

Table 5 shows that the greatest changes took place in an increase of encrusting 
owth forms and a decrease in the corymbose and cespitose forms. Increases in 

gr rusting forms is to be expected, as newly settled corals usually develop first as 
encall encrusting patches before assuming their adult form. Also many small pat ­~:es have survived A. planci predation on larger massive coralla. Those patches 

Table 5. Growth form distribution of corals at Tumon Bay and 
Tanguisson Point. 

Tumon Bay Tanguisson Point 

Growth Form No. of corals Rel. Freq. No. of corals Rel. Freq . 

Massive 564 17 202 16 
Encrusting 457 14 788 61 
Foliaceous 17 1 5 < 1 
Flabellate 59 2 13 1 
Corymbose 673 20 42 3 
Ccspitose 872 26 232 18 
Arborescen t 587 18 9 < 1 
Phaceloid 2 < l 7 < 1 
Columnar 68 2 2 < 1 
Solitary 3 < 1 2 < l 
TOTAL 3302 1302 

appear initially as small encrusting areas as they overgrow the dead regions of the 
parent corallum. Corymbose growth forms are largely represented by various 
species of Acropora which are preferred food of A. planci and therefore were heavily 
preyed upon in the outer part of the reef front, submarine terrace , and seaward slope 
zones and selectively preyed upon in the reef margin and inner part of the reef front 
zones. Although selective predation of cespitose growth forms of Acropora took 
place in the reef margin and inner reef front zones, these forms have remained 
relatively abundant (Table 5) because of the presence of numerous Pocillopora 
colonies which survived A. planci predation in the same zones. 

RESETTLEMENT AN D REGENERATION 

At Tanguisson Point, starfish predation was intensive on the submarine terrace 
and seaward slope, and the resulting predation has left, in most places, less than 
1 per cent of the reef surface covered with living coral growth. 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: 
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(1) More intensive predation in these zones has left fewer seed populations of c 
to initiate coral resettlement and regeneration. (2) Less optimum coral gr0 
parameters occur at these two zones. (3) Low level A. planci predation is in eq 
brium with coral regeneration and development in these zones. ( 4) The stan 
crop of various seasonal species of algae is greater on seaward reef zones w 
corals have been killed by A. planci than it is on seaward reef zones where lux · 
coral development is found (personal communication with R. T. Tsuda). 
may prevent planulae settlement or retard and kill newly developing patches 
coral. Coral reef recovery of the Tanguisson Point fringing reef is covered 
more detail in Randall (in press). 
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