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CHAPTER I 

INTRODU eTlON 

Purpose and Scope of the Study 

Originally the purpose of this study was to determi.ne the species 

distribution of living corals, both hermatypic (reef-building s ?ecies) and 

ahermatypi c (nonreef-building species) on the fringing reefs (f Guam (Fig. 1). 

Preliminary field work for this study began in July, 1966, at .vhich time a 

general survey was starwd and corals \vere collected from all the major reef , 
environmcnts of Guam. This collection phasc, plus the taxon:nuy phase, \laS 

continued until July, 1970. 

In February, 1967, the sudden appearance of the (:ora1 e, ting "crO\vn-of

thorns" starfish, Acanthaster planci (Linnaeus), in Rbove nor mal populathln 

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 intl!llsificc tion of coral 

studies and collections in this region. 

During ihe summer of 1969 the scope of the work was ch~ . !lged to include, 

with the coral distr.ibution work completed at Tumon B1Y, a cicscription of tho 

first observed A. planei population explosion in this same re~ion. In addi :ion, 

large sections of reef ('ol'als along the remaining northwestern coast of Guam 

harl been killed by A. e!~l2.0 (Chesher, 19G9a, l%~)b) and thi. work was 

modified to serve as a basis of comparison for future reef re l~overy studies in 

the area of desi r ncLion. 

In ~f' pt('mber, HlG9, the Universit~' of Glwrn \\'38 awarded a gTant by ClO 
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Fig. 1. Fringing reefs of Guam; reef platforms are in heavy black. 
Map modified from Emery (1962). 
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reef pnl'HnlC?ters, including reef recovery, prior to the comp13tion and 

operation of a thermal steam electric power plant at Tang1lisf.on Point. R(~ef 

recovery data ob ained by the author, as a part. of this grant, was incorpOl ated 

into this work. 

The study, thu s, evolved into three major parts, \'{'ith the first descrihing 

the distribution of reef corals at Tumon Bay prior to c1epreda~ ion by A. plrnci; 

the second describing the first ohserved A. planci population ' !xplosion on \3Llam; 

and the third describing coral distribution aDd recovery at Tn 19uisson Point 

after depredation by!: .. : planci. Because reef environments a ; Tanguisson Point 

and Tumon Bay, where!2.... planc~ infestations had killed eora.13, are very 

similar in coral species composition and physical characteri. ·tics, the two 

regions were comparable. 

Re~iew of the Literature 

Little previous work has been done on the fringing reefs , If Guam with 

respect to coral distribution. Most of the studies involving fr CSE reefs ar') 

geological reports which deal mainly with various phy s ical pa : ameters of !he 

reef complex. 

Some coral collections were made on Guam and Saipan 1)j Cloud (1954 1959) 

during U. S. Geologic Surveys of the two islands. f. list of g~;11era compil )(1 

from this collection was made by Wells (1954). This Ust doe .. not discrim Lnate 

between G·...l!'1m and Saipall. The above collection is d\:!posiLed 11 the U. S. 

Nationn.l i\Juseum and was examilled durir..g the ('ourse <)f the i .. resent \\'ork. 

The fringing reefs of Guam were def5cri1Jed b.'1 Tracey (H:G4), who con lncted 

transect and other reef studies dllrin g: a geologic survey of th l ' island. Ph.\'S lUtl 

characteristic. of fringing; reefs at TUmon B~! y ano Tang;uisso:1 Point were 

similar 10 those reported on in this study. As far as could bf' determined, no 

systematic coral collections w(:1'e made during Tracey's \Vod; , but several 

genera were listed hy reef zones fro\11 "Reef Trnverse 2, at. T umon Bay." The 
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following genera were reported: (Roef margin) AcroJ>o~E:_' ~o~illopora, Fe via, 

and lVIiUepora; (Heef flat) Porites in the outer part, and Acropora, Pavona, and 

Pocillopora in th ' inner part. 

Other work on the reefs of Guam \vas done by Stearns (H to), Cloud (1951), 

and Tayama (19fi2). 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, channels thl'ough the frir.ging 

reefs, beaches, and rocky shores. 

Previous Aeanthaster planei observations on Guam were )ublished by 

Chesher (1969a, 1969b). These reports deal with A. Elane! p )pulation 

movements, densities, feeding behavior, relative coral pred:.: tion rates, 

control measures, and possible causative factors related to tJle sudden increase 

iJl numbers of the starfish in various Indo-Pacific reg-ions. Chesher's 

ob~rvations of A. Elanci began during the summer of 19G8, (ver one year after 

the first population increase of the starfish was noticed. The intent of Ch:: pter V 

of this report is to bridge the gap between Chesher's starfi sh observations and 

the firs t observed population increases of A. Elanci on Guam. 

General Descrip~ion of Guam 

Guam is the largest and most southerly of the fifteen smdl islands th, t 

make up the l\briana g-roup in the western Pacific Ocean. The island's ca: )i1..31, 

Agana, is located at latitude 13
0

28' N. and longitude U40~15' -~ . It is 48.3 

kilometers in length, and ranges in width from G. 5 ki1()meter ·~ at the narnlW 

central waist ncar Agana to 18.5 kilometers from Or01(' Poin , on the west to 

Ylig lb~' on the C[lst coast. The island has a land area of 5·H: squarE' kilOl-'lcicrs. 

The northern haH of Guam, that includes the study area, is a limestone 

plateau bordered on the coasts hy steep cliffs that ran~e in eL.! vation from more 

than 180 m at the north end (Ritidian Point) to le ss than GO m 3.t the centrally 

loeat ed , narrow waist (near Agana). The lirtH'stone is porOll~: and no stre:nns 
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argil1acerJllS limestones of the central waist region. The wes"ern and norflCrn 

coasts are bordered by fringing reefs, \vhereas the more windward eastern 

coasts Hrc burde: 'cd by cut benches and narrow terraces. 

Climate 

The following summary of climate ann rainfall data is cOl1densed from a 

report found in "General Geology of Guam II (Tracey, 1!l64). (Juam has a 

warm, humid climate that is mainly determined by its oceano ~aphic setting. 

The ishmd lies viithin the belt of west"ward-moving, wa-rm hunid air of the 

tropics, which is produced behveen the subtropical anticyclon ~s of the northern 

and somhern hemispheres. Variations in the weather are caused by cyclonic 

eddies or whorls that form coiltinuously, sweep westw~rd, an:l dissipate. 

'These disturbances may grow in size to become tropical storms or typhoons. 

ThJ. period from July to November includes the rainy months, January to 

May is considered the dry season, and June and December ar::l transitional 

months. The mean annual rainfall on Guam ranges from less than 228. 6 c~n 

in the lee of the mountains to more than 279.4 cm in the highE r mountain a ::-eas. 

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

Sea Water Ten~l.:?crature 

Sea water te mperature at Apra Harbor , over a 10 year p; riod, rangec" 

between 27.2
0

C ann 29.4
o

C. Months wilh :lvel'agewatcr tem}·eratures abcve 
o 

28. 9 C are July through October (Emery, 1962). 



CHAPTER II 

METHODS 

Coral Distribution Studies 

In any cor?.! reef study that involves quantification and zo'" al analysis of 

coral species, the field method to be employed to provide an [ccurate 

interpret8.tion of the species composition f)m:oulitered is a m3., or problem. A 

review of the literature describing cora 1 distribution on tropic al fringing reefs 

I'eveals that nearly as many methods exist as there are studie3. Almost all 

stu~ies involve the use of some type of transect lines or static ns that crosE. the 

reef at right angles to the reef margin. Methods vary from c, sual observa tions 

at different reef zones, with a list of corals observed from eaJh, to detail<.d 

mapping of all corals which occur withi n m easured quadrats 11,ade across 

various reef zones. The former method is less time consumi.1g, but does not 

yield quantifiable data. The latter method gives very detailecl data, but is 

extremely time consuming, and so limits the number of trans,!ct studies tInt 

can be m ade in a specific length of time . 

Tuman Bay and Tanguisson Point fl'ingin r; ree fs exhibit fa !rly distinct 

physiogl'aphic 7.ones that. run parallel to the reef m ~i.rf;ia, but uvcn so, a g;r3at 

deal of varia tion occurs within these Z Olles . Fa)' this l'ea~on, methods \Vel e 

selected that would allow several transects to be made and at 'he same time 

yield qua niiHabl c data representative of the species C'omposiii)l1 of the two study 

regions. 1..n view of the impending prl'd:l. tion by Ac:allth astcryjanci at Tun10n 

Day, a single Jin :.! transect method, which is fairl y rapid, wa ~~ tiRed there. 

The l'x tendt'd reef studies at Tangl.1 is s on Point will be con ~.inued for at tc'as t 
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and because coral growth rate studies involve rnappillg and nH asuring of srecific 

specimens over several time intervals, a station quadrR.t tran ,ect method was 

used. It \vould h: 'Ie been advantageolls to use tbe same transc ct method at both 

study locations, but. time limitations prevented the use of botl, methods at 

each Ioea tiOD" 

Tumon Bay 

During the Tumon Bay study 27 field trips were made. F:'om these field 

trips, 429 coral specimens, each with detailed habitat (lata, \\ere collected; 

physical and biological parameters were mapped and describe i; and six reef 

transects werp completed using the Single-line method. 1\\'0 ;ransect study 

locations \vere selected: the firs t at Na ton Beach, wher e thret transects were 

c0mpleted, and the second at Gognga Beach, where another tIl :'ee were 

complet'3d. 

Figure 2 shO\vs the location of the Naton and Gognga tram ects in relation to 

the various reef zones and to each other. The single line trm sect method used 

there involved the placement of a line marked at 10 m interva ' s across the reef 

section to be studies (Fig. 3). From each 10 rn sectio]' of the transect line the 

following types of data were recorded: (1) transect line sectie n number; 

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

(3) water depth at the seaward end of each ]0 m section divisi<ll1; (4) speciLc 

names of all corals that lay beneath the line; (5) the diameter )f the coralh m 

and the length of line section it occupiC'd; am1 (6) grm\' th fonn for each rec(lrded 

coral. Water depth was measur.cd on the reef flat by using a plastic meter stick; 

deeper sections of the reef were measured with a depth gauge as shown all the 

reef pJ'()fi1c (Fig. 4). 

During these studies at Tuman Bay, field note entries we'e made of A. p1an<:i 

activities. ThE' description of the population explosion at Tu mon Bay is a 

chronological summary of these observations. Population counts of A. t~~nci 

werl ! m:lck Ly sn(,r'!~din;l; O\'('r \' ariou ~? rc ('f /'ones ;LJ 11 (,ollnLi l ~f ' [he indi\'i.clu ll:~ 
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within visul-ll proximity. QuantaLive data was ohtained by usi! g the single Jine 

transect method at the reef front nem' the Nuton transect study area. 

Tanguisf;on Point 

Three permanent transects, using the station (ltlRc1rat mc .:hod, were 

established at Tanguisson Poi.nt. Figure 5 shows the location of these transects 

on the reef in relation to the various reef zones. Stations W0 "e established at 

10 m intf:rvals along the transects from the upper int.e}.'t.idal Z)fle to a depth of 

30 m 011 the seaward slope zone (Fig. 3). Depth meast:remen :s were determined 

by using the same methods as those used at Tumon Bay, as s ; iO\vn on the reef 

profile (Fig. G). Transect stations \V~.:re marked by driving a galvanized, 

double-headed masonry nail into the reef surface, to which a 30 em length of 

ped, plastic-coated copper wire was attached. Positive station identification 

wa!, 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 m"", were laid out by placing a port able wire grid at 

two positions around each transect station . At each transect 3ta.tion the 

sout.heast and northeast quadrats were arbitrarily given numb 31'S (1) and (~) 

respectively. Positioning of quadrat grids at each tnlDsect station was 

established by using an unc!er\vater comp3ss to find the north 'eference. l'rom 

each quadrat the following kinds of data \\'8re recorded: (1) tl' ? l1sect statio 1 and 

quadrat numbers ; and (2) specific name, gro\v1.h form, and di r .mcter of each 

living col':11 within the confines of the quadrat grid. 

Growl h Fonn and Siz.e Delerm~nation 

Th(> various coral growth forms differentiated follow thoS3 descriued by 

WeHs (195G). A eohllnnal' form was added which cliffc!l'cnti3.tes an intermediate 

mode of th>velopment bE'twcen the massive and ramOf'e forms. A subdivisbn 

of ramosc [orn.8 into c:orymbose, cespitose, alld arbol'eseeni modes of 
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A 

Fig. 7. Coral gl:owth forms. A. Massivc form of Eil\'i,l ?t~' li gcra. B. 
Encrusting form of 1Ylontipor~_ !~~!1)n l' i sJ~i, j hin Jayc l.' growing 
ovcr dead .bcroPill':J branches. 
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A 

B 

Fig. 8. Coral gTowth forms. A. Foliaceous form of Pociter. (S.) 
iW[lyamacns.is, plate-like m.-pansion from the base of n large 
coJony. B. Foliaceous form of Pavo.!::l cle~ s sata. 
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A 

B 

Fig. 9. Coral gTowth forms. A. Flabcllatc form of lVTillepO!3. platyphylla. 
B. Columnar form of Porites ~ ('o'~'exa. 



A 

B 

Fig. 10. Coral growth forms. A. Corymbo~; f' form of Acropora nasula, 
dorsal view. B. Side view of A. 
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B 

Fig. 11. Coral growth forms. A. Ccspitose form of Porites. ('ocosensis, 
dorsal view. D. Arboresccnt f01'111 of ~J.'?jJor!~ nobiJis. 
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A 

B 

Fig. 12. Cor~ll growth lorms. A. Phaceloid form of Euphyllia glabrescens. 
B. Sulitary form of Fungi.a !ungites. 
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The diameter of individual coral colonies was me? su red NUh a meter stick 

with moveahle trammel points. The colony diameter measur 0ment was made at 

the widest point 'lcross the corallum. If the colony shape wa ; not circular, its 

outline was sketched and several measurements of length am' width were 

recordeu. 



CHAPTER III 

DESCRIPTIONS OF THE STUDY AREAS 

For the purpose of reef descrip tion and coral c1istr ibutiOl ' studies, the reef 

platforHl <Jl1d slopes were dividcrl in to severa l zones and sl.lbz mes, based on 

those des cribed by Tracey (1964). These zonal reef divisior. : were based on 

various ph~: sical parameters such a s degree of reef surface (xposure at high 

tides, dCfP'ee of reef surface subrncrgencc a.t low tides , amOi nt of reef slope, 

and reef gTowth and erosional structures . 
• 

The biologic parameters have deliberately been omitted J rom the frinf5ng , 
reef descriptions of Tumon Bay and Tanguisson Point. This vas done bec;mse 

Chapter s IV and VI describe reef coral distribution by zones n detail, and 

because future workers investigating reef recovery would exp3rience difficulty 

in comparing struc1ures and descriptions of former Ii '/ing COl al reefs with 

those that have since been killed by Acanthuster planci, 

The northern limestone plateau, which borders both stud; ' areas, is v('1'y 

porous, resulting in a well-developed Ghybcn-Irerzb('rg fresh -water lens 

system, "'ater escapes continually along lTlOst sections of tIlt intertidal zones 

of both Tumon Bay and Tang1.lisson Point. This fl 'c sh water s ~epage onto he 

reef flat is particularly noticeable ,1 long s andy beaches at low tide, where it 

forms small rills, Emery (1962) m ea sured the fre sh water sdepage along a 

/17 m sec t ion of Gognr;a Beach ancI found it to be 42 ,;J Wers pe r second, 

Analysis of beach sampJcs from TU mon Rl\' and Tan guisson P0int by Emer .v 

(1962) ShO\\'5 that the sediments of this region are nearly ]00 per cent bioclclSlic 

material. This is due to the absence of rin'rs and st1'<'am8 emptying onto the 

l' 0 C'f flat s of tlll~ study :U'C'QS, 
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'IUmon Bjl'" F'ri!lging Reef 

TtlJn(J11 Uay (Fig. 2) is located along the northwest coast ()f Guam between 

Ypao Point alld I ijia Point. The fringing reef flat i::; a broad, crescent-shaped 

limestoY)l~ platform, 3510 m in length, m eas ured aim g the concave seaward 

margin. It is relatively uniform in width, rangi.ng [rom 460 11. at Gognga Beach 

to 480 III at Natoll Beach. According to Tracey (19G4), TumoiJ Bay was probably 

formed by large scale slumping. This slumping action would provide a wi~le, 

shallow platform upon which ,the Tumon fringing reef could dc/elop and explains 

the general ab~3cnce of wide reef platform ~ along othe r secthy,s of the northwest 

coast (Fi g . 1). At Ypao Point and Gognga Point, the fl'inging reef width 

narrows t o 50 m and 100 m respectively . At TltmOll Bay, in ;. beach to seaward 

sequence, intertidal, reef flat, reef mar'gin, reef fron t , subr:~arine terrace, 

a.nd seaward slope zones are recognized and described. 

~ 

Intertidal Zone 

This zone is the portion of the beach or shore that is cov'lred by water- at 

high tide and exposed at low tide. Limestone cliffs border th~) beach from Ypao 

Point to the Ypao public beach and from Gognga Point to Gogn ~a Beach (Fi:;. 2). 

At these t\\'o locations, plus a small patch of C'Illergcnt limes1.· )lTe located 

between Ypao Be ach and Naton Beach, the intertidal Z O~le eon ~. ists of bare 

lirncstol1(, with well-developed seawall indcpiations C'a.llecl "nij1s" (Fig. 13) 

along the m.ore exposed seaward regions. The remai nder of the beach con 3isis 

of uncOl tsolidated sand and coral-algal-mollusc rubble. The Inajor fractio .l of 

the sand portion from the unconsolidated beach material consists of 

fOl'nminifel'L1n te8ts, which (11'0 transporte d from the reef flat zone by wave 

action :.ll1d clll'n.mls. Fresh water seepage is common along t ile intertidal zone, 

especiall.\' \\'horc it is backed by limestone cli,rrs OJ' hl'~ldlands . 



Fig. 13. A "nip" at the base of a sea dUf, located about 2 m above the red 
flat level at Amantes l)oint. 
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Heef 1:0"'1:1 t Zone 

This is the flat limestone platform that extends from the .ntertidal zone to 

the wave-washed reef margin. At Tumon Bay, the ouler sea\'< ard part of t;1O 

reef flRt is p. lightly elevated in respect to tho inner shorewarl. section, and 

consequently , at low tide, is often exposed, while the inner p~ rt retains w['.ter. 

On this basis, the reef flat is divided inLo two subzonef--an O'lter reef flat 

subzone that is exposed during low tide, and an inner reef £lai subzone that is 

covered by water at low tide. TIle inner water mass is here <. alled 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 trar.sect to 350 m at Naton 
• 
transect. Unconsolidated sediments vary in thiclmess from a meter or more , 
neaT the beach, to a thin veneer of less than a centimE'ter nea" the outer r£'ef 

flat. Local areas of bare reef-rock are common, especially ' \'here this subzone 

grades into the outer reef flat subzone. Sand, gravel, coral- ;Llgal-molllls (' 

rubble, and small uouldel's make up the sediment composition . Sand and gravel 

are more common along the inner (shoreward) half, with cora l-algal-molll.sc 

rubble and boulders becoming more abundant as the outer reeJ flat is appr(,ached. 

The entire subzone is relatively flat, with a few crad~E , holet, low mound, of 

rubble, and shallow bowl-shnped depr essions, but the general relief is usu 'lIly 

less than 50 em. Figure 4 reef transect profile shO\vs the wa;er depth at high 

and low tides across the subzone. The dcpth range ac:::oss this transect profile 

is fairly uniform for the entire length of the Tumon Heef, with the exception of 

the dredged swimming area at Ypao Public Beach, which is al 'out 1 m deeper. 

The deepe sL \Va ter on tile inner reef flat occurs ut the rnid-poht, about 150 m 

from shore. 
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Outer Hed Flat Su.bzone 

This subzone:. of the reef flat is exposed during lower tide~; and is bounded 

on the shoreward side at low tide by 1110 impounded water of tI .e moat and on the 

seawarc:. side by the reef margin, which is constantly awash. Figure 2 shows 

that it vlries considerably in width. In the vicinity of the Nat·m transects 

(Fig. 2), it disappears completely because of a shallow chann . ~l that occurs 

there. Unconsolidated sediments are nearly absent over the l uteI' , seawal'd 

part of th jc:: region, except in small widc-ly scatten-d shallo\\f 1 ools where 

boulde rs, sand, and gravel accumulate. The inner, shorewa1 d part usually has 

scattered I:..oulders over the surface and, in some areas large boulder tracks 

(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 broken loose and 

worked shoreward by typhoon and other storm waves. A larg.3 accumulation of 
~ 

boulders have formed a small islet (Fig. 2) on the outer reef ·' lat bet·ween Naton 

and Ypao beaches. 

At low tide this subzone appears as a flat limestone pavem ent with very 

little relief except for shallow pools a few centimeters deep, '>cattered boLildors, 

and larger pieces of reef-rock up to a meter in height broken from the m m'gin 

and thrown up on the reef by storm waves. The snrface of til l: limestone 

pavement is usually covered with a turf-like mat of filc. mental '. s algae. 

Foraminifera are abuncbntly distributed throughout this algal mat and are :he 

main source of the buff-colored sand found over the red flat : ~nd beach. 

Depth of watc-r over the outer reef flat varies due l.O eleva tion differences. 

The reef section between the boat channel and tho shallow cha mel immcdir. toly 

seaward of the small islct (Fig. 2) seems to b e depressed in l'espcC't to red 

sections opposite YP::l0 and GOG"nga beaches. Since thel'l~ are .10 streams 

oppositE' or shoreward of these channels to ne,count for their e rigin, the 

depressed. reef section bet\veen them may be clue to :l local fadting or slumping 

of the rec'1' nlaq!~n :md outor red flat. 



Fig. 14. Boulder acc1l1l1ulatiol1p on the Tumon Bay inner ree"' flat where i t 
merges into the outer reef f1at. 

26 



27 

Several patches of remnant limestone, cornposed of solution-pitted 

pinnacles nnd knobs, arc found on the outcr rcef flat near YpU) Point (Fig. 15). 

This feature pro} lbly represents a former reef platform of hi ;her elevation. 

This zone is represented by the seaward edge of the reef t1at 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 crcst rises about GO to 75 em above the gencrt~l outel reef flat level 

(Fig. 16). This ::tlgal ridge diminishes in height ancI disappea; 's completely 

where the reef f1:.i.t widens east of Ypao Point. The algal ridg-u development 

along this section of reef margin is probably due to its more I.orthern exposure 

and subsequent greater s'.!rf and wave action. 

'. The reef margin varies in width from 40 to 50 m along Tt:mon Bay. The 

seaward edge is very irregular and is cut at right angles by sLort surge 

charmels 1 to 3 m wide, 2 to 4 m deep, and up to 30 111 in length. Some surge 

channels coalesce and fuse at their upper margin, forming cm ernous chamlels 

beneath the reef margin platforms (Fig. ] 7). Most of the cav('rnous channels 

open at intervals along the fusion zone, forming pools ~: nc1 ope 1 cracks (Fig. 18). 

JJl cross section. most surge channels are wider at the bottom than at the upper 

margin, ",hi ch may be due partly to growth :It the upper regiOJ sand abrasi)n at 

the base or floor, which contains large, rounded boulders. ]\lost boulders , 

however, do not show evidence of constant movement, heC3t1Sl- most are 

encrusted with red algae and small coral g;rowths. These bou iders are 

probobly mov(>cl about only during typhoons and storm~. Surge· channels are 

separated by lobate elc~\Tations called spnrs that slope seaward toward the reef 

front ZOlle. The upper ::>urf:wc of the spurs if, very irregular, with knobs, 

pinnacles, and cracks, and in lllany phll'('S is honeycombed wUh numerous 

interconnect ing holes. 



Fig. ]5. Hemnantlimestone patches. Solution pitted pinnacl;~s and knobs 
found on tile onter reef flat at Ypao Point. 
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B 

.F1g. 16. Algal ridge clevE'lopmcnl at Yp[\O Point. A. An obli rlue view of the 
algal ridge looking io\\'aru Tumon Day. B. An aeri ::tl view of A. 
The algal ridge is located within the breaker zono. Note tile 
prcsence of the \\'(-'11 devcloped submarine grooves <l :ld buttresses 
seaward of the algal ridge. 
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Fig . 17. Sllq~:(' channels (It YIJao Point. A. Oute r (s eaward) section of a 
surge channrl. :\Iaximum wid th is "hout :2 m . B. l nner 
(shoreward) section of L\. 
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Fig. 18. Cavernous section of a surge channel which opens al ,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, and pools. Shallow 

extensic,ns of the longer surge channels cut through t.he inner 11alf of this Z(111e 

and termina tc in small pools 1 to 2 m in depth. 

Reef :Front Zone 

The reef front represents the extreme seaward edge of th e reef flat 

platform, where the reef margin abrLlptly increases in depth (-1' degree of slope. 

This zone is cons tantly covered with water. The reef front i l:; composed of the 

seaware s loping extensions of the reef margin spur sand surg: ~ channels, which 

are here refer ;'ed to as the submarine buttresses and lITooves respectively. 

The point where the sLlbmarine buttresses and grooves terminate marks the 

seaward boundary of the reef front. Generally, the 6 rn subn~ arine contour 

(Fig. 2) coincides with the seaward limit of the reef front aIm g Tumon Bay . 

The reef front slope may be contiguous with that of the seawal d s lope zone, but 

at most locations along Tumon Bay these two zones arE' separ lted by a flaUened 

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 h'ansect location. Submarine ;rooves near the 

reef margin are 2 to 5 m in depth and commonly branch into s everal secon.lfll'Y 

grooves or channels. These· g-roovcs are wider at tiw botton .. than at tile te P ::lild 

are rela.tive l:v flat-·floored, with large rOllnd boulders, coars E' sand, and g .. [t\0e! 

scattered along their length. Some submarine gToOV(,S widen [Fom 5 to 15 m in 

diameter, ,vlih large boulders covering their 11oors. Submm<ne buttresses 

slope seaward from 10° to 15° and are extremely irregular 01 '. the upper sLlrface 

due to the pres ence' of coral-algal k110bs, bosses, and pinnacl~ s. At the 

seaward half of this zone, these variolls types of prominences may have a relief 

of as great a s 3 to 4 m. 
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Submarll1.c Terrace 20ne 

The first submarine terrace represents a noticeatJly flatt :;ned region when 

compared to the. eef front and seaward slope zones, wi.1ich at Tumon Bay 

begins at the 6 m contour interval and extends seaward to the 18 m contoUI' 

interval, where· a sharp increase in the degree of s lope mar k:; the beginning of 

the seaw~rd slope (Fig. 2). Coral knobs and pinnacles are atundant on thE: 

inner seaward half of the terrace, which gives its surface a t( .pographic relief 

similar to the outer reef front zone. Relief on the seaward h:.If of the terrace 

is genel',tlly less, ranging from 1 to 2 111, but oceasionally sc: tiered coral 

knolls and knobs may have a relief up to 4 m. A few shallow .;rooves, abol.lt a 

meter ill depth, are found crossing the zene at right angles aJ.d usually connect 

with dec'per grooves found cutting through the seaward slope. The floor of these 

ltrooves is covered in places by a thin layer of saJ.1d ancI gravt-l. A large 

frrrction of the sediments found on the terrace is derived from various species 

of Halhneda, 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 j ncreases in steepness. At the trans ect locations, t1 e slope rang ~s 

from 30
0 

tc 600 and averages 50 m in \-viclth. At the 30 to 35 J.1 depth, the ~lope 

flattens, forming a second submarine terrace. 'Width of the :3 ;3cond subma .'ine 

terrace was noi measured, but it probably corresponds to tho 32 m terraC fJ 

found by Emery (1962) in several reef profile sounding~; arouni the island. 

Grooves ~mcl V -shaped valleys, many of which are conii.guous .vith those 

mentionf'cl on the onter part of the snbm.Hl'inc t.errace, cut acr)ss the seaw:trd 

slope and terminate at the beginning of the second SUbJl1arine lerrace. Thc'se 

features :1l't' controlled by, and probably represent, remnants of a submer~ed 

groove and buttress reof front syst.em developed during a previous glacial ocean 

stand. Pvon thOll l~h the ctq~rc~ c of slop(\ is greater ihnn that o f the sl1bmari"1e 
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grooves of this zone. Distinct linear sediment tracks uan be -raced from the 

upper parl of the slope to the second submarine terrace below. Although depth 

of sediment;:; WrlS not measured at the second terrace, visual'lbservations 

made WWl SCU BA cqu ipment indicate a considerable accumuldion at the b~" se 

of the slope. 

Topop'aphie surface relief is much less on the slope than on the first 

submarine terrace. 

Tanguiss~~l Point :F'ringing Reef 

Tang-uisson Point study area (Fig. 1) is located north of 1 umon Bay between 

Amantes Point and Tanguisson Point. The fringing reef platf( rm along thi :3 

section of coastline is relatively narrow (Fig. 5) when compm cd with Tuman 

Bay (Fig. 2). It ranges m width from 70 m at transect A to J lO m at transect C. 
~ 

This section of the coast is bordered by limestone cliffs (Fig. 19) and the 

fringing reef has a westerly exposure to the sea similn r to th( northern p::n't 

of Tumon Bay. 

The description of the zones here is based on the same pl ysical parameters 

as is that of Tumon Bay. Distribution of coral in the above z(.nes is discUf sed 

in Chapter VI. 

Intertidal Zone 

ThE' intertidal zone bordering the tr,msed locatio1l3 is CC)'l1posed of ba 'e 

limestone, with the exception of a sandy section at Naval COl11 munication S, ation 

swimming beach, and another small sandy section between tn.nsects Band C. 

A.t tran~('ct B this zone is -10 111 wide and consists of li mestO!l(, ridges, kno~)s, 

and pinnacle-s, separated by numerous interconnecti.ng channe':s (Fig. 20). 

These channels are relatively flat-floored and at about the SHI:1e general IE ;'e1 

as the red fiat. The upper ha1f of the emergent structures is exposed during 

hi r.;h ti(h~ ~lrl d i s cl('e !'l ~' :-~n lutjoll-pit1c.'d " Hdid of the t'j-,H"l'gel1 : struct.ures 

r alll.';( ~ s from :1bout :1 niL'Lel' at the slloi'('\\";1rcl ~~idc to ~o cm on Lhe soaward .3idc, 
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A 

B 

Fig. 19. Aerial views of Tanf:,ruisson Point frin~ing reefs. j\. A view toward 
the south. Tumon Day is in the backg-rollnd. B. A view toward U1e 
north. NCS swimming beach is in the foreg;round. 
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Fig. 20. Intcrticial zone at Tanguisson }Joint, transect B. 
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where the s tructures gTade into the reef flat. Several small( r patches of .he 

above structul'l'S are also found near transect C. Unconsolid lted sedimen ~s 

are scarce ~dOllt the bare r.ocky regions, except for l()cal pat ~hes of coarse 

gravel and boulders. Sediments at the two sandy beach area::. are composed 

. ,,;..-., 
:':~-' 

mostly of sand , ,.','hich is largely composed of worn fc)'::aminif( ran tests. P,t low 

tide fresh water c~m be seen escaping from the interti(al zone and at sandy 

locations it forms small rills similar to those described by Enery (1962) at 

Gognga Beach. 

Reef Flat Zone 

Inner Heef Flat Subzone 

The inner reef flat subzone, unlike that of Tumon Bay, is poorly developed 

at transects A and C and is a.hsent altogether at Trans~ct B. During low tide at , 
transects A and C, a few shallow, irregular·-shaped pools and a depressed zon8 

north of tran::;ed C retain \Yater and constilLlte Lbe moat of th~' inner reef fjat. 

The floors of these pooh> are irreg\.dar and contain co::rrGe gn vel, boulder" 

and scattered emergent limes tone patches. At NCS Beach, W:lter is retain ed at 

low tide, but this is partly due to dredging and blasting and do ?s not repre~ ent 

natural conditions. 

Outer Ro::: ef Flat Subzone 

This suhzolle is more extensive than the inner red flat af:d repl'esents most 

of the reef platform' (Fig. 5) • . At transect n, where no inner l'cef flat oecu 's, it 

extends from Uw reef margin to the intertidal zones and is GO m ,vide. At 

tranSf.:'cts A and C, the ::;UJ)7.011l! width is -J 0 m alld 70 rn n'slwc:tively. 

At low tide, the O},:posccl platform is a flat p:lvemel1t with very little re~icf. 

A few sn1 :111 shallow pools (10 to 20 em 'decp) are widely scaU( reel over the 

surfaee. Sl'dimt:nt.s nl'e searce and acC'un1'lhtc only in the smJ.ll scattered 
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....... "-
Tbe reof nUlrgin is slightly elevated, about ao em above he outer reef flat 

level, and forms a low' , poorly-developed algal ridge, howeve '~, algal ridge 

devclopn1C'll l is gTeaLer at transect B. Observations imm r:dia1ely seaward of 

transect B shm" th:-tt the deg-ree of reef front slope is less than at transectf: A 

or C, c2.using grt:ater wave agitation, thus enhancing algal ric:ge developm,mt. 

The reef margin \vidth is fairly uniforrn and, at the transect locations, ranges 

from 20 to 20 m. Surge channel development and other featm':"!s of the reef 

margin 3.re similar to those described for 'lumon Bay. 

Reef Fr.mt Zone 

The reef froni at the Tanguisson transect location is quit( similar in all 

re~pects to that described at Tumon Bay, with th e exception of submarine 

buttress development. At Tanguisson t.he buttres ses are similar in size arcl 

degTee of seaward siope io those at Tumon Bay , buL the uppm' Sllr [ace has a 

reduced deve10pmeni of coral-algal knobs, bosses, and pinll ades. Reli('f ')[ 

these fea tures is as great as 3 to 4 m at Tumon Bay, whereac: at Tanglli.ss( n it 

seldom is over 2 m. Reduction in size or developmcllt of th e ~ e prominenc 38 

gives the reef front at Tanguis son a smoother, more r eguiar mrface. Red 

front width ranges from 70 m at transer.t A, to 5 0 m at trn.l1scct C. 

Submarin e T errace Zone 

This /.one ranges in width from 40 111 8.t tr:1llscd C, to 11') m at tralls( ct B. 

The sho]'e\','ard m:1.1'gin of this zone begins at 1.110 G meter ('ont mr similar tJ 

Tumon Bay , bu i the seaward margin, \\ here the steep ;, e:1.\': "1)' ,:l slope beg'in 3 , is 

loca ted a t the S to ]0 m contour. Relief of the surface feaiur 's ranges from 

1 to 2 111. O('ca ~ional coral mOllnds or pinnacles D.iLaill a relid of 3 m. Shallow 

cha11lwl s np to a meter in width ::md depth ('ut across the surf;lce at the same 

10C';\ i,)I1',. T!w 111 !l.l01' di i"CI'1' (" H I.: i ) ';.' !\'. ( ' t'.j i l k ' :-'U ll! ll ;lriIH' if.'1'1' , ! (' L':-l at Tumo.l n;!.\ 

and Tallt,1.1 i s ~~on Point is that the former has a grc:ltCl' relief (. r surfacl' 
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structures sueh as coral-alga] knobs, bosses, pinnnclcs, and shallow grooves. 

Reduced development of surf:tce features gives the terrace su!"iace at 

Tanguis30n a mOl e uniform, flattened appearance. Sediment: are found in 

localized patchC's, in holes, in cracks, anel in Hhallow cha11no>.::;. These 

sediments ('ons i st mostly of rounded boulders, coarse sand, ; nd gravel. 

Seaward Slope Zone 

At the seaward margin of the submarine terrace, the cleg. 'ee of slope 

abruptly inc:r0:1ses and sharply differentiates the sea\"'1.rd 8]01 e from the 

terrace. DegrC'e of slope is greater at the Tanguisson study ~ rea than at 

Tumon Bay. \\ idth of this wne at the three transect locatiom averages 60 m. 

The steep seaward slope flattens into a second submarine terJ ace at about the 
• 
30 to 35 m depth. This second terrace probably corresponds to the 32 m 

~ 

terrace found at Tumon Bay. Other characteristics, such as sediments and 

surface topographic features are like those described [,)1' the ransect 

localities at Tumon Bay. 



CHAPTER IV 

DISTRIBUTION OF CORALS PRIOR TO THE ACANTHASl ER PLANCI 

POPULATION EXPLOSION AT TUMON BAY 

Coral dis tribution at Tumon Day is based upon specimen ( ollections, field 

observations, and transect data from Naton and Gognga reefs. By April 4, 

1969, a total of six transect studies of the reef flat, reef mar;:ins, and reef 

froni zones of norther n Tumon Bay were completed prior to"~. planci 

depredation of reef corals. Numerous coral collections were also made during 

thi!? per :'od of time. Another set of transect studies was origi lally planned for 

the mor8 windward southern half of Tumon Bay (Fig. 2) , but upon investiga.tion 

during No\rember, 1968, it was found that ree f cora Is of this 1'( gion were alr eady 

heavily damaged by A. planci. Fortunately, fairly complet.e (oral collectiuns 

and reef f1'ont descriptions \-vere made in this region clu~'ing July, 19G8. 

A check-list of corals observed on the transects and colle cted from tlli3 

study arcas is compiled in Table 1. The classification of the '3c1eractinian 

corals listed in the table follows that d(-n;eloped by \\Tells (195(:). The table 

shows that 150 species representing 36 genera were collected and observec . 

Of the total number, 143 species representing 31 genera are l,ermatypic 

sc1eractinian corals, 2 species representing 2 gellera are ahormatypic 

sc1eractinian corals, and 5 species representing 3 genera arc nOl1scleracti (lian 

corals. Th(' number of ahermatypic sclerar-iinian corals c.:olll'cled or obsen"ed 

at Tumo)) Bay is low beC'au3c collections and (liJservatiunR we: e not made t,) 

depths g1'cat('r 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. ] 

Genus Stylocoeniella 

Class ANTHOZOA 

Subclass ZOANTHARIA 

Order SCLERACTINIA 

Suborder ASTROCOENIINA 

Family ASTROCOENIIDAE 

Subfamily ASTROCOENIINAE 

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 



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 Pocillopor a 
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 
'"' Tanguis son 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) 

43 

* 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, mF; 1134, ORF 
# Tumon Bay - IRF, OR F 

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

Acropora as per a (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 nasu ta (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 
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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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Table 1 continued. 

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 
If Tumon Bay - ORF, RM 
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Montipora monasteriata (Forskaal, 1775) 
if Tumon Bay - RM, RF 
if Tanguisson Point - RF 

Montipora patula Verrill, 1869 
* Tumon Bay - 844, 845, 846, 847, ORF 

Montipora planiuscula Dana, 1846 
* Tumon Bay - 206, ffiF 

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) 
if Tumon Bay - RF 
if Tanguisson Point - ST 

Montipora verrilli Vaughan, 1907 
* Tumon Bay - 647, 648, 649, RM; 527A, 1357, RF 
if Tumon Bay - RM, RF 
if Tanguisson Point - RM, RF, ST, SS 

Montipora verrucosa (Lamarck, 1816) 
if Tumon Bay - RF 
+ Tumon Bay - ST, SS 

Montipora sp. 1 
if Tumon Bay - RF 
if Tanguisson Point - RF, ST, SS 

Montipora sp. 2 
if Tumon Bay - RF 
if Tanguisson Point - RF 

Montipora sp. 3 
* Tumon Bay - 1253, RM 
if Tumon Bay - ffiF, RM 
if Tanguisson Point - S T 

Montipora sp. 4 
if Tumon Bay - RF 
if Tanguisson Point - RF, ST 

Montipora sp. 5 
if Tanguisson Point - RF 

Montipora sp. 6 
if Tanguisson Point - RF, ST 
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Genus Pavona 

Table 1 continued 

Suborder FUNGIINA 

Superfamily AGARICIICAE 

Family AGARICIIDAE 

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 
* 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 

Gen'Us Coscinaraea 
Coscinaraea columna (Dana, 1846) 

# Tumon Bay - RF 
# Tanguisson Point - RM 

++ Tanguisson Point - SS 

Genus Cycloseris 

Superfamily FUNGHCAE 

Family FUNGITDAE 

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 fungi tes var. incisa Doeder lein, 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 
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Genus Goniopora 

Table 1 continued. 

Superfamily PORITICAE 

Family PORITIDAE 

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 

Ge~lUs 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 
+ Tumon Bay - ST, SS 

Porites (S.) horizontalata Hoffmeister, 1925 
# Tanguisson Point - SS 
+ Tumon Bay - ST, SS 

Porites (S.) iwayamaensis Eguchi, 1938 
* Tumon Bay - 234, 1RF; 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 

Ganus Favia 

Suborder FA VIINA 

Superfamily FAVIICAE 

Family FA VIIDAE 

Subfamily FA VIINAE 

Favia favus (Forskaal, 1775) 
* Tumon Bay - 258, 259, 1364, 1365, 1367, RF; 1366, ST 
# Tanguisson Point - RF, ST 
+ Tumon Bay - ST, SS 

51 



Table 1 continued. 

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, R F 
# 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 

52 



Table 1 continued. 

Goniastrea retiformis (Lamarck, 1816) 
* Tumon Bay - 49, 94, 95, 328, 329, 330, ffiF; 612, 613, 1368, RF 
# Tumon Bay - ffiF, ORF, RM, RF 
# Tanguisson Point - RM, RF, ST 

Genus Platygyra 
Platygyra rustica (Dana, 1846) 

* Tumon Bay - 37, 38, 235, ffiF 
# 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, ffiF 
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 - S T, 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 
# Tanguisson Point - RF, SS 

Genus 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 

Genus Galaxea 

Family OCULINIDAE 

Subfamily GALAXEINAE 

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 PE CTINIIDAE 

Genus Echinophyllia 
Echinophyllia asper Ellis and So lander , 1786 

# Tanguisson Point - 88 

Genus Paracyathus 
Paracyathus sp. 1 

Suborder CARYOPHYLLIINA 

Superfamily CARYOPHYLLIICAE 

Family CARYOPHYLLIIDAE 

Subfamily CARYOPHYLLIINAE 

* Tumon Bay - 640A, RM 

Genus Polycyathus 
Polycyathus verrilli Duncan, 1889 

* Tumon Bay - 1386, ORF 

Subfamily EUSMILIINAE 

Genus Euphy Ilia 
Euphyllia glabrescens (Chamisso and Eysenhardt, 1821) 

* TumonBay-47, 48, 205,316,333, IRF 
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Genus Heliopora 

Table 1 continued. 

Subclass OCTOCORALLIA 

Order COENOTHECALIA 

Family HELIOPORIDAE 

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

Gehus Millepora 

Class HYDROZOA 

Order MILLEPORINA 

Family MILLEPORIDAE 

Millepora dichotoma Forskaal, 1775 
if Tumon Bay - RF 
if Tanguisson Point - RF 
+ Tanguisson Point - S T 

Millepora exaesa Forskaal, 1775 
if Tumon Bay - RF 
if Tan guisson Point - RF, ST 

Millepora platyphylla Hemprich and Ehrenberg, 1834 
* Tumon Bay - 141, 519, 520, 1177, 1205, 1375, RM; 527B, 

546A, 1157, RF 
if Tumon Bay - ORF, RM, RF 
if Tanguisson Point - RM, RF 
+ Tanguisson Point - ST 

Genus Distochopora 

Order STYLASTERINA 

Family STYLASTERIDAE 

Subfamily DISTICHOPORINAE 

Distochopora violacea (Pallas, 1776) 
* Tumon Bay - 551, RF; 460, 461, 462, 463, ST 
if Tumon Bay - RF 
if Tanguisson Point - RM 
+ Tumon Bay - ST, SS 
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Table 2 lists the frequency distribution of coral spec:.ie3 that ( cCLlrred by reef 

zones orl Naton and Gognga reef transects. A tota 1. of 1.03 species representing 

32 genet'a W('1'(, ( ')served on these transects. 

Figure 2] shows the distribution of genera and species b~ 10 m transect 

section/; ~Ind by reef zones. Zona] distrilmtion of ('()r~l l s at G!lgnga and Nal.Ol1 

transects was s imilar in number of genera and species, with i,he exception of 

the outer reef flat ZODe at Gognga, which had 6 species and 4 ~enera and two 

transed sections without corals. In contrast, the outer reef Llat zone at 

Naton h:l.d a muxi n1llm of 13 species and 8 genera and had son e corals in all 

sections, The low number of coral species at the Gognga out )r reef flat zone 

is due to the exposure of t.his zone during the lower lides, wh'~reas at Naton 

this zone is slightly lower in elevation and is usually covered with water. 

Int'crtida l Zone (5 meters wide) 

No living ('orills wer e found in ihis zone at the study regi >n due to reef 

surface exposure during Jaw tides, although on the windward ,;ide of the 

island, near Catalina Point (Fig. 1), raised bench p001s locat3d several meters 

above high tide level contained living corals. Several 3ectiol)3 of coastlinE ' with 

similar pools are found along Tuman B::ty at Saupol1 Point and Amantes Point 

(Fig, 1) , but her e , because of the semi-\vinclward orie'ltation of the shore : tho 

pools are not. cons tan1.ly awash as they ar c at Cat..'llina Point. 

Heof Flat Zone (4 60 to 480 meters wide) 

Based on reef t:Ll.dace exposure during low tides, this ZO; 10 is subdivided 

into inn(\ )' and outer reef fbi suhzones. 

Inner Hod Flat SlluL,one (350 to 380 meters wide) 

The shoreward 220 m sect ion of this subzone is, in most places, ncar 1y 

barren ( ,j' (·OJ 'll s . Li \'in;'· ('dr:d covcrill~ HIe red :;lld; l~c vf th is !:i cction 

(Fig. 2 :~ ) siw\vs a ral1 ~;e o f fro l11 0 to fi jlCr cent. The l:e(\f su " bee is 



~mne of Coral 

Table 2. Frequency distribution of coral speci"es at the combined Naton 
and Gognga transects, Tumon Bay, by reef zones. 
[Species are listed in order of decreasing frequency 

of occurrence when all zones are combined. ] 

Ililler reef 
flat 

Outer reef 
flat 

Reef 
margin 

Reef 
front 

All zones 
cow lllilecl 

No. of Relative No. of Relative No. of RoLative No. of Relative No. of Relative 
coralla per cent cora11a per cent cora11a per cent cOl'alla per cent cora11a per cent 

i\C!'()pora nasuta 
i\ ~·l.-· ()pora aspcra 
P() ~:: i llopora dami.comis 
i"-C L" Jpora acuminata 
.. Ps~n~ l mocora contig'Ja 
P c ci llopora \' 81TllCos a 

G. !";,: ;u3tren. retiJorln is 
F( r i los sp. 1 
A" "' c:pora nana 
1) :- ... ~ ~ (~S IL~tea 

j\1 n: i;')ora verri Hi 
Ga j :Jxea hexagonalis 
Le!)tctstrea purpurea 
J..' o .. 'I .let C) tc:~li6c .1. Lt 

Ac1'o;)ora surcuJosa 
Pori tes lobata 
Leptoria gracilis 
Pa vona cIa \lUS 

.t"~'_ i ' \J;,O.L·a co .. Yl1ibos a 
2\Ti ilc.i)Ora platyphylla 

5 .79 
268 42.61 
133 21.14 

0') 
Vf1 14. 79 
62 9.86 

7 1.11 

2 ~ 32 
21 3.34 

106 18.96 255 
85 15.21 
41 7.3:3 19 
86 15. :3 8 
99 1'7.71 5 

40 
41 7.33 11 

2" oJ 

43 
39 6.98 

'7 

1 
2 
~ 

v 

1 .18 10 

1 .18 4 
3 
2 

:3 .54 15 

49.32 53 3.32 419 12.69 
353 10. 69 

3.68 193 5.84 
179 5. ·1,2 

.97 166 ;).O:j 

7.74 93 5.82 133 4.03 
2.13 56 3.51 115 3.48 
4.45 69 4.32 92 2.79 
8.32 43 2.G9 88 2.67 

26 1. G3 86 2.60 
1. % 76 4. 76 s:{ 2.51 

.19 77 4.82 78 2.36 

.39 73 4.57 75 2.27 
,f .,.~ " n ., ... 

.vu v..J ""X. v .. .w ...... .J..v 

1. 93 57 3.57 68 2.06 
55 3.44 55 1. 67 

.77 41 2.57 46 1. 36 

.58 42 2.63 45 1. 36 

.3~ 37 I) "') 
_. t,.)_ 39 1. 18 

2.90 19 1.19 37 1.12 c.n 
00 



Table 2 continued. 

Name of Coral 

Poc i llopora setcnelli 
Porites (Synar~.ca) 

i\\ :Jyamaensis 
1-'a ': una varians 
::>,1 l! lcpora exacsa 
AU'f)pOra sp. 1 
P(lr:: llopora l1l0anclrina 
:\'iu.1tipora sp. 1 
F,l\' ites complanata 
Gr)i'iastrea pan"istclln. 
r)(jc! llopOl'U 'CydOllXi 

.::.,:.','kphora monlax 
,,\cr ojJora occlia ta 
.:\C"!."uI)Ora llU111ili.s 

An'npora smithi 
Cyu:lastrea sp. 1 
Acanthastrea cchinata 
? n\'ia pallidn. 
F c,\'ona decussata 
PH \'Ona (Polyastra) sp. 1 
Acropora abrotanoides 
j:'c 'l'lles ausLralienSls 

Inner reef 
flat 

Outer reef 
flat 

Reef 
margin 

Reef 
fTont 

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 cOl"Qlla per cent corall~ :K'r cent 

16 ;i.09 21 1. 32 37 1. 12 

34 2.13 34 1. 03 

3 .54 2 .39 25 1. 57 30 .91 

29 1. 82 29 .88 

3 .58 23 1.'14 26 .79 

5 .97 21 1. 32 26 .79 

25 1. 57 25 .75 

1 .19 21 1. 32 22 .67 

5 .97 16 1. (lO 21 .6-1: 

21 1. :32 21 .64 

1 .19 20 1. 25 21 .64 

6 1. 16 14 .88 20 .61 

18 1. 13 18 .55 

18 1.13 18 .55 

17 1. 06 17 .51 
., I ' 1.. 00 ., f~ 4~ . , 

1 .16 3 .54 12 .75 16 .48 

10 1. 59 6 1. 07 16 .48 

14 2.50 1 .19 15 .45 

1 .19 13 .81 14 .42 

14 .88 ]4 .42 

c:." 
to 



Tahle 2 continued. 

~?_me of Coral 

P Drites (Synaraea) convexa 
Aer'Jpora vallida 
.Y[c ntipora conicula 
.\Tc-n tIpora. verrucosa 
P ; eJ lygyra rustica 
r le~ i. a.strea vers ipora 
:\ ~(.m tipo1'a fovcobta 

,-\(:1'Op01'3 palmc rae 
c -_ ]1 hastr ca 8 C1'3 ilia 
:;)nrites cocoser~s i s 

~- ' _\ · L·coe~1i clla ar ma ta 
l~ · · ·. ;1:ophora microconos 
}> . ~· ty gyra sinensis 
~~ . ·· :.'Jnmo t.!(n· a r..ierstras zi 
:.-':";cm mocor a pr oLmdacella 
A (,l' opora syringoc1es 
:~ .":'~: :' :l sp ~c~~~ ...... 
::'ITontipora sp. 2 

Fncillopora brevicornis 
r\ S treopora g-racilis 
L,)hl)phyllia corymbosa 
~. ~ :,1 :j)cra ~" off~~ic ~ t :c~: i 

Y r/iltipora monasteriata 

Inner reef 
flat 

Outer reef 
flat 

Reef 
margin 

Reef 
front 

All zones 
('ombined 

No. of Relative No. of Relative No. of Relative No. of Relative No. of 
coralla per cent coralla per cent coralla per cent coralla per cent coralb 

Helative 
per cent 

10 1. 59 

6 .95 

2 
2 

2 

5 

1 

.36 

.36 

.36 

.89 

.18 

2 

7 

2 

1 

2 

1 

4 

1 
2 

.39 

1. 35 

.... 0 · ,).., 

10 
• v 

• :39 

.19 

.77 

.1!:, 

.39 

14 
13 
1:3 
13 
13 
11 
13 

5 
12 

8 
10 
11 

7 

9 
11'\ -
10 

5 
9 
9 
8 
7 

.88 14 .42 

.81 13 .39 

.81 13 .39 

.81 13 .39 

.81 13 .3D 

.69 1~~ .39 

.81 1~~ .39 

.31 12 .36 

.75 12 .3G 
12 .36 

.50 12 <l (. 
•. ) .... 1 

.6:3 11 .33 

• G9 11 .33 

.41 11 . :33 

11 .33 

.56 10 .30 
~ ') 11'\ . ~t1 

.63 10 .30 

.31 10 .30 

.56 9 .27 

.56 9 .27 
, 50 9 .27 

.44 9 .27 
Cl 
0 



1'a')1e 2 continued 

Inner reef Outer reef Reef Reef All zones 
flat flat margin front corr..bined 

~8.me of Coral 
No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative 
coralla per cent coraHa pe:::' cent coralla pel' CGnL cordIa per cent coralln r~ cr cent 

Pl ~si astrea sp. 1 1 .J9 8 .58 9 .27 

Al'l' opora mU:T~I.yensis 1 .20 ~ • t14 8 .24 I 

G: .!Rxea fascicularis 1 .18 1 .19 6 .38 8 .24 

1-;'_ ~ io[lora cocrulca 1 .16 1 .18 6 . :18 8 .24 

?l loD -ipora tubel'Cll los a 8 .50 8 .24 

G'Jl1 ' OpOra sp, 1 2 .32 5 .31 7 .21 

L ~' i /.astrea sp. ] 7 .44 7 .21 

L n '; 'j)hylliQ costata 7 .44 7 .21 

P r;.':ona (Pseudocolumnastrea) 
pen ieata 3 .58 4 .25 7 '>1 

.~~ 

_\'(: t'upora brGeggemmmi 6 1. 07 G .18 

l\(' ["<)ora hystl' lX 6 .38 6 .18 

C() S(' L;1~!ra ea cplumna 6 . ~~~8 6 .18 

S,,'1' , : ' ~(;po~_'a hystl'ix 6 .38 G .18 

P ;-5 ;lmmocorn (Stephanaria) 
i.d =: ~:1:nensis 6 .38 G .18 

;';1 ;i.elJU1'a d iL;;wwnl<'_ r.: ,:~ (\ 1 q, 

Por ites compressa 3 .48 3 .54 6 .18 

A .... trL'opora myriophtn.alma 1 .16 4 .25 5 . ]6 

P:J. \'(Jl1a (Polyastra) planulata 5 .31 5 . 15 

Pc.; c.i llopora danae 1 .19 3 .19 4 " ~" I') 'I... 1 • ~ , " 
/~~ ..... tl})orn. v(rr~lll~d~a 3 .19 3 .J .09 

G( \l~!(JPora sp. 2 3 .19 3 .09 
CH 
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Table 2 continued. 
.... 

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

~ ame of Coral 
No. of Relative No. of Relative No. of Relat ive No. of Relative No. of Rela tive 
cOl'aHa per cent cora11a per cent coralla per cent cOl'alIa per cent cora11a per cent 

LE' )toria phrygia 2 .36 1 .06 3 .09 

:i\lnntipora lobulata 2 .36 1 .19 3 .09 

IX:<ichopora violacea 3 .19 3 .09 
r C' lli'1opora lamellosa :3 .19 3 .09 

:\10!ltipora sp . 3 1 . 16 2 .39 3 .09 

P '.>{'ites annae 3 .48 3 .09 

Lin loastrea heliopora 3 .19 3 .09 

F,l Yl ,~:' ia fun gites '1;).1'. styUfera 2 .13 2 .06 

1\' ; '.)po1'a cuneata 1 .18 1 .03 

A'.: r Jpora sp. 2 1 .06 1 .03 
y ;. , l ! t;'S abdita 1 .18 1 • O~) 

L :'ptoseris hawaiiensis 1 .06 1 .03 

I ': :"<()seris incrustans 1 .19 1 .03 
~~ , \- :,;:(t (Polyastl' a) obtussata 1 .18 1 .03 

r · ']'; 'co s sp. 2 1 .06 1 .0:3 

;" ~!~' l :.1pora sp. 4 1 .06 1 .03 

P '-' ,d ll mOCOl'a exesa 1 .18 1 .03 ..L 

:- .. ~ .. -I. .-:11i10 C8I' t...+.. (:':::t...s ivsc::is) 
[! ~limeana 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 1l. 14 18 32 32 
O'l 
t>:l 
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Fig. 21. Number of genera and species per 10 m transect section at Naton 
and Gognga, Tumon Bay. Each column represents a 10 m section 
of the transect. Shaded area indicates genera; un shaded indicates 
species. 
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Fig. 22. Percentage of reef surface covered by living corals at Naton and 
Gognga transects. Each column represents a 10 m section of the 
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charaderi:t.ed by 'videly scattered coral colonies, consisting nainly of brol :en 

fragmenls that have been worked shoreward by storm waves fJ om more 

extensive, living 'eds found growing farther seaward ncar the outer reef fl.tt. 

Porites ~l:lca (Fig. 23), due to its massive si.ze, if> abr.mt the, nly coral found 

in this section wIth any clegTee of stability during storms. Another factor 

accounting for the paucity of living corals within this in'Jcr baLd is the presence 

of unconsolidated sediments that are relati,"ely unstablc and that prevent coral 

planula settlement. Most new colonies that do manage to settle, do so on 

larger pieccs of ('oral rubble o r boulders that arc more stable. 

The seaward 150 to 180 m section of thi.s subzone is consi :1erably different 

from the shorewDrd 200 m section, particularly in the percentlge of reef 

surface coverecl by living corals. Planula settlement is enhanced by the 

pl'esence of large areas of bare reef-rock, mounds of coral-a gal-mollusc 

rubl?le, boulders, and a reduction in the quantity of unconsolidated sediments. 

A sharp increase in percentage of coral cover, from a maxim'lm of nearly 

5 per cent for the inner 200 m section to 57 per cent for th,e Ol ter ] 50 to IE 0 m 

section, is found . This sharp increase in percentage of cover .s not repres 311ted 

by a relative increase in the number of species (Fig. 21), but is due to the 

greater density of Acropora §:~per~ and .:~~_ropora acu~"0: ·,!!-ata. rhese two spf'cies 

form large arborescent (staghorn) thickets, 1 to 20 111 across {Fig. 24). A ~so 

abundant in areas between and intermixed with the abOVe thicluts are finel} 

branched colonies of Eocillopor~ damicornis anel ?sainmocor~, contigua, less 

common arc large corals of massive and anastomosing 1'am08 ~ gTowth fOri 1 

\vhich produce low convex, hemispherical, and circular flat-h'pped colonie 3 

callc·d microatol1s (Fig. 25). These larger coralla attain di::uletcrs up to 

several meters , but are limited in upwn.rcl g-rowth by tJ18 depth of the moat 

during low tides. In o1'Jc1' of their abundance, they arC' 'porit. ~ s lutea, Porite s 

co,S'osensis , QOl~~ :.1 sh·C':1 retifo~,~iE~, Por ites ~ni1ae~ , and Porites compressa. 

The above corals actually cover only a small percentage of tlll.: reef surface 

\,-hen Cn!!l i' ;lrcd in (,OV::'I':'l~;C' b.\ the al'b() ! '(' ~;('t: lll ~~:.:.'.:: i.?:"'J~;~ . spc·(." ' S , hut t.he.y ;l re 

c()m~picut>l1s and abundant in some sitcs. /\ parti('ularly i'id~ ::1'owth of 



Fig. 23. Large massh'e colony of Porites lutea found on the ;nner section of 
the inner reef flat. 
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Fig. 24. A thicket of Acropora acuminata (staghorn) :l')Out 1 ill across. The 
colony is located on the outer (sea.ward) section of tile inner reef 
flat at Tumon Bay. 
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Fig. 25. Large microutolls of POl~ites lutea on tIl(> inner reel flat at Tumon 
Bay. The larger colony is about -1 m across and 20 to 30 em higl. 
Only 1he margin of the colony is li\ ing: the upper su dace of the 
colony is dead becau se of exposure at low tide. 
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p~~ ~ecn~~~ta and other corals is found along the limestor e cliff at Govnga 

Point. Other regions with local concentralions of corals, other than Acropora 

species, are Ioe--ted between GOgllgu and l' aton tram;eels and the area seu'vard 

of the dredged swimming zone ~t Ypao Be~lCh. 

Conspicnous mounds of .{-\cropora rubble, interspc:r~E'cl m lOng luxuriaI"t 

living patches, are formed when storm \1"lVe8 transport large quantities of 

coarse sediments and cover entire arbol'f~ scent patches. During a tropicaJ 

storm that occurred durjng November, IDG7, numeruus patcheS of Acropol'a 

uspera 'lntl r\<:,'_~!J2.?~ £lCllminata were partially to completely ~overed with 

coarse sediments and many were killed. Growth rates of the;e arborescent 

species t5eem to be high, judging from observations of axial f)lyp regeneration 

which occurred \vithin a few weeks (0.5 cm new growth) wher ~ stem tips \vere 

broken by this storm. Fast growth rates, plus recovery of t1 e unburied branch 

tipf', e}.1)lain the presence of living coral patches inter.3perse,l with dead mounds 

and a general dominance of these species in unstable substrate environmellts. 

Table 2 lists a total of 18 species representing 11 genera that were 

encountered on the inner reef flat subzone portions of the Gop nga and NatO.l 

transects. The total nnmber of corals from the inner reef fle t is increasf d to 

48 species and 18 genera (Table 1) when a general coll'3ction ,)f specimens from 

this zone is included. Relative frequencies of coral specjes Jeom Table 2 

indicate that four of the 18 species from the inner rec[ flat,!. eropora ~sp"ra, 

Pocillopora damieornis, Acropora aCL~.!2!inata and Ps~ramocOl a contigua, 

acconnt for 88 per cent of the G29 colonies encountered on the transects. Four 

of the ] 8 species were each represented by only one colony. The greatest 

number of genera :lnd species c)l1c0untcrecl on anyone transec t section of the 

reef fla l s ubzone- (Fig. 21), was G and 10 respeeti\rely at Nakn transect. 

Outer Rf'cf Fl~lt Suhzone (SO 10 ]30 meters wide) 

Due to reef surface e: pOSllre at low tidc', this subzone is conspicllously 

h ~\r r'eJl oj t' : lI ' ~tl'; (Fir.; . :>(l ), ('"\('l'pi \\'lW l' (' it ;;r':Hh·s jn:~) {-he in ) ('1' r ee r flat '1m! 

ill !-'("ltlell'd :;ha!tu\\' 1:1.'1.' 1' pooh; . ;\t l~() r.~ ll ~);a 11 an '.h' CL, tile por · ~entaf.>;0 of cOt'ab 
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Fig. 2G. Barren outer reef flat, at Ypao Point during low tide , 
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covering the substratum (Fig. 22) drops from a high of 37 1'0.1' the inner red 

flat to a J ow of 7 for the ou tor reef flat. Two transect sections (45 and 46) 

at Gogng;l had llO ii.ving corals present:. Gognga transect is m ore typical 0 : 

outer r('(" 1' flat coral distribution along Tumon Bay than is N3L·)l1 transect. At 

Naton transect, the reef floor is slightly depress(;d and a small shallow ch:111ne1 

cuts across the outer reef at the study area, whieh in(,reases the water depth 

there. The slightly ueeper wator and increased cnrrent, due to water mOV f~ment 

in the channel, enha nce coral development of this zohe. This rich coral growth 

at NatOli give s Fig. 22 a h'ilobed appearance and explains the major differences 

between the two transects. 

Acropora aSi"2..81'a and Acropora acuJninata patches are COl nmon 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). 

Inth'sperced among the Acropora beds are shallow pools which contain abundant 

colonies of Acropora nasuta, Gonias tr ea retiformis, Pocillop )ra damicorn is_, 

Porites l.uj,ca, and Psammocora contigu~. Less common are scattered colonies 

of Acropora bl~~egg-emanni, Pavona dectlssata, PH.VOil~ i?olY~l , tra) sp. 1, Hnd 

Psammocora.. profllnc.iacella. Small encrusting patches of StyJ )coeniella ~l2. '21ata 

are common in small cavities and on the bases of hi rgc·r cor a · .. The centrl1 and 

outer part of this sub zone is a pavement-like platform along nost of Tumo 1 Bay 

and has broad rcgions where corals are abs en1 , Stunted b'l.'O\\ ths of POl'it~ ~.lLltea . 

Kavia Q3]lidf.!..., ::md Gon!astrea ~~tiforrn}s occum' the margins of widely sca .- Lered 

pools, a few centimeters in depth, over the celltl'n 1 ret;ion. These pools a 1d 

their inconspicuous corals accollnl for the low number of species (Fig. 21) and 

low percenta ge of coral (Fig. ~~ 2) covering the reef surface fo' transect sections 

<11 through 47 at Gognga transects. 

Table 2 lists 29 species l'Pprescnting 1-1 genera from the outer reef fbt 

subzone. Ei~~ht specieR wero eollec1 cd in this Rubzone that we're not represented 

on the tr ansects, which increaRe s the total numher of species to 37 and of 

P;,-'ll C'J'[[ 1(\ lG . 



Fig. 27. Large flat-iopped th icket of AcroJ~ aspe~"i~ with th~ dead upper 
surface exposed at 1m,-: tide. The COlOllY is located fin the outer 
reef flai where it merges into the moat of il1<' inner :-eef flat at 
Tuman Bay. 
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Four hundred eighty four coral colonies weee recorded or, the outer re ·.3f 

flat at Na ton tr ansect (Table :~), whereas at Gogllga tr D.l1seet (j lly 75 colon ius 

were re ~ ordcd il : the comparable area Cfable 4). The '!arge rl' lmber of cor 11 

colonies c l1l'ollntered at Na ton transect was to be expec t.ed bee -!.Use of habitat 

character i:5 lics which are similar to thos e found on the inner I'eef flat subz')ne. 

Another fa~lor which increases the num ber of co]onie~; occurr ng there is 

fragmentation, clue to strong wave action, of ramose species (;f Acropora !2asuta 

and PSaJl.1n10COra contigua. The deeper water at. the outer red flat at Naton 

enhance.s c0ll tinucd growth of numerou s fr agments, whereas a Gognga mar,), of 

the fragments aH~ transported to the expos ed part of tl 8 outel reef flat whc're 

they are killed by exposure at low tide . 

Coral diameter at Naton outer reef flat trans ect is simila :' to that found on 

tl,1e inner r0ef flat tTal1seci (fable 5), whereas at. Gogl1ga oute} ' reef flat tn!11sect 

cor~al1a size decreases considerably Crable 6) . Decrease in cJrallum size is to 

be e}..'Peeted because of the decrease in the number of I f~rge :1r )orescent stC' ghorn 

patches that occur on the wave-washed outer ree f flat (Table ::- and -1). 

Ree(Margin Zone (40 meters wide) 

This zone is constantly awash, even during the lO'.\·est tid,;S, and is the 

region of gTeat.est water agitation. It is sharply di s criminated from the ba )~l'en 

outer reef flat by an increas e in the number of coral species [er transect 

section (Fig. 21), plus a similar increase in 1118 perccmtage o t living coral:; 

covering the reef surface (Fig, 22). Transition in to th ' s 7.one at :r\aton is lot 

distinct [IS is that at Go:?;nga , but luxurian t coral growth in a s .~ries of reef 

margin pools increas('s t.he coral co \'erin g the reef surface frum 4.0 per ce,it fer 

the outer l'(\cf flat to a hi gh of 52 pcr Cl'nt for the r eef margin (Fig. 21 a.nd 22). 

T}rrcc distinct. habi ~~ll.s fou nd in this zone are the well-Jig'! tecl, upper sdda.ces 

of lobatp spurs that separate surge ckmne ls , th l! open surge ('ha.nnel walls and 

pools, :md the pOl)rly-lif~hted, cavernous sections of surge ch , ~nnels and pools. 



Table 3. 

Growth 
form 

Massive 
Encrusting 
:roli~l.ceous 

FI~;'}811ate 

Cu",',-mbose 
C ~ . " pitose 

Arbc.,rescent 
Ph.;lceloid 
C() ~U 811lar 

Sol;tary 

T o tal 

Distribution of coral growth forms by reef zones at Naton Transects , Tuman Ba.y. 

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

No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative 
coralla per cent cor;:tlla per cent coralla per cent coralla per cent cOl'alIa pet' cent 

18 5.1 44 9.1 38 9.3 170 23.8 270 13.8 
2 . 6 12 2.5 37 9.1 121 16.9 172 8.8 
2 .6 3 • G 0 2 " .. ) 7 .4 
1 .3 4 .8 10 2.5 25 3.5 40 2.0 
5 1.4 123 25.4 203 49 . 9 148 20.7 479 24.5 

119 33.9 132 27.3 119 29.2 186 26.1 556 28.4 
20-1 58.1 152 31.4 0 30 4.2 386 19.7 

0 0 0 0 0 
0 101 2.9 0 2~ 4,1 4 ~ 2.2 
0 0 0 3 .4 ' J 

oJ .2 

:5 5 1 . 100.0% 41:>4 lUu. U10 4ui 1UO.070 l.l't 
.. - ,.-
.lVV. V70 .l:1UO 100. v~c 

-'l 
~ 



Table 4 . 

Growth 
form 

}l:-'_s sive 
En('Yusting 
-F(:~i8 ceous 

Fl:!he llate 
Coev mbose 
CL'~ i } itose 

Al'i lores cent 
P~' ~Il'(;loid 

Colu !"'mar 
So~itary 

i omi 

Distribution of coral growth forms by reef zones at Gog:nga Transects, Tumon Bay. 

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

Ko. of Relative No. of Relative :Ko. of Relative No. of Relative No. of Relative 
coralla per cent cor alIa per cent coralla per cent coralla per cent coralla per cent 

23 8.3 34 45.3 1 .9 236 26.7 294 21. 8 
0 0 16 14.5 269 :~O. 5 285 21.2r 

8 2.9 2 2.7 0 0 10 .7 
0 0 0 19 2.2 19 1.4 
0 0 48 4:1.6 146 16.5 U>1 14.4 

87 :31.3 21 28.0 45 40.9 163 18.5 31G 23.5 
160 57.6 18 24.0 0 23 2.6 201 14.9 

0 0 0 2 .2 2 .1 
0 () 0 25 2.8 25 1.9 
0 0 0 0 0 

:t, --i (j lUU. Vile '/0 lUU. UV/e 110 .lUU.070 1;0') .lVU.V-/e .l0<!O .lVu. vie 

-l 
<:J'l 



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

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

D ~ im~ eter range 
in em t'o. of Relative No. of Relative No. of Relativ8 No. or Relative No. of Relative 

COl' alia per cent coralla per cent. coralla per ceni coraUa per cent cOl'alla : ' 01' cent 

0-5 65 18.5 100 20.7 107 26.3 207 29.0 ,:1:79 24.5 

6-10 126 3G.9 169 34.9 122 30.0 150 21. 0 567 29.0 
11-15 51 14.5 89 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 · , 
:31-35 2 .6 9 1.9 4 1.0 15 2.1 30 1.5 
3G-'iO 4 1.1 5 1.0 4 1.0 12 1.7 ')~ 

~;) 1.3 
4] -45 2 .6 4 .8 2 .5 12 1.7 20 1.0 
46-60 1 .3 4 .8 2 .5 6 .8 13 '7 · . 
51-60 9 2.6 n 1.4 1 C) 9 1.3 26 1.3 , . '" 
61-70 0 2 .4 0 3 .4 5 · 3 
71-80 0 <) .6 0 4 .6 7 .4 '-' 

81-90 4 1.1 3 .6 1 .2 2 .... 10 .5 .. ~, 

91-100 4 1.1 n .4 0 3 .4 9 .5 '" 
101-J50 7 2.0 3 .6 0 2 .3 12 .6 
1.5 .i -2vO ':i: 1.1 '± • (:j V 0 .4 1.1 • t> 

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 .3 0 0 0 1 .1 

':;:'utal 351 100.09f, 484 100.0% 407 100.0% 714 100.0% 1956 100.0% 
-.:) 

Cl 



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

Inner reef Outer reef Reef Reef All zones 
flat flat margin froni C('111bir:ec:! 

Di~~rn cter range 
in cm No. of Relative No. of Relative No. of Relativ'~ No. of Relative No. of :Relative 

coralla per cent coralla per cent coralla per cent coralla per cent coralla ;;;:.~r cent 

0-5 57 20.5 29 38. i 33 30.0 "FJr-..,~o 25.6 3-1:5 25.6 
(i-l0 79 28.4 21 28.0 36 32.7 1GO IS.1 296 22.0 

11-15 46 16.5 11 14.7 27 24.5 12:3 1:~. 9 207 15.4 
1G-20 21 7.6 2 2.7 4 3.6 89 10.1 116 8.G 
21-25 11· 4.0 4 5.3 5 4.5 G7 7.6 87 6.5 
~G-30 14 5.0 2 2.7 5 4.5 G8 7.1 84 G.2 
:)1-35 6 2.2 4 5.3 0 G4~ 7.2 7-1 5.3 
a6-40 4 1.4 1 1 .) .v 0 21 2.4 26 1.9 
-11-45 3 1.1 0 0 17 1.9 20 1.5 
·1 6-50 4 1.4 0 0 18 2.0 ..... 1") 

t,.1.J 1.6 
G1-GO 2 .7 0 0 13 1.5 15 1.1 
Gl-70 2 · 7 0 0 ') .) 5 .4 ") •• J 

71-80 5 1.8 0 0 5 .6 10 . 7 
31-80 0 0 0 :5 • G ;) .4 
91-100 4 1.4 0 0 -± .5 8 .6 

101-150 7 2.5 0 0 2 .2 9 .7 
.l ::)l-~uO 2 · 7 0 0 2 .2 4 .3 
201-:300 8 2.9 1 1.3 0 1 .1 10 . 7 
301-400 1 .4 0 0 0 1 .1 
401-500 0 0 0 0 0 
501-1000 2 · 7 0 0 0 2 .1 

Total 278 100.0% 73 100.0% 110 100.0% 883 100.0% 1346 100.0C}(. -J 
-J 



The m(J~t common corals found on the upper surface of th 3 spurs were: 

Acropora corymbosa,~. ~ana, ~ ~lJlsnta,~..! occllata, !:_. pdmerae, 

A. surculc:~a; G(l 1i~l~!a retiformis; J\'T iI1epora plnt;v.uhylhl: Eocillopora 

!lleandrin :~_, P. sctchelli, and~. verru_~~. Growth f(lrms c ' most coloni ·~s 
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in this habitRL of agitated water arc ru mos e and encrui-iting (T-lble 3 and 4). 

Ramose c010nics are usually prostrate forms \vith stout, clos 'lly-set branches 

and broad, encrusting bases. An exception to this gTowth for.n adaptation is 

Acropora ~an~, which is a fragile, branched, cespUose speci L ~s that thrives as 

well as the stouter branched species found associated \I.-ith H. Encrusting 

Millepora pJatyphylla colonies sometimes cover extensive arc 1S of the spur s 

and, \\'hr~re well developed, the upper parts of the colony forn fIabellate plates 

that anastomose into a honeycombed pattern. Also COl1SpiCUOi s on the surface 

of spurs are Acropora 1)a1111erae colonies, which form broad (ncrustations with 

mammalate projections up to several meters in dhnneter. l\bssive colonies 

form either low convex mounds or more commonly d.evelop in 0 aggregatio~ls of 

irregular knobs and cuneate clumps. 

Common corals found associated with the open surge chm nels and pool s 

were: AC12opora abrotanoides; Favia palljd~, F. stelligera: QJniastrea 

retiformi s , G. parvistella: Leptoria gl~1Cilis: Mil]~o~:~ plat.Y,!Jhylla: Monti >ora 

verrilli: Pa\'~n~ cla\,lI~; Pocillopora se~helli, and _~. \,erruc( sa. 

A few colonies of Ga l:::1xea hexag[)n8.ll~, ~~gcil.!.5'P2T~' !?re~j.' ~ornis, Pocil.?pora 

damicOl'!li~, and PsammoC'~ya coniig:u. ~~, 'which are normally f;_lUnd in less 

agitated water habitats, are found in some oJ the lar ger reef l1a~'gin pools. 

Growth forms of corals arc similar in surge channel h:lbitats :0 those growing 

on the upper surfacc of the> spurs, howe\-er, fcwer ramose co·.onies of 

C'orymbosc growth devclopment arc fO!lne!. ,\n increas e in cne rusting and 

massive colonics \\-as obs 0rved. Growth forms in Op011 pool Llbitats are s ,milar 

1.0 those found in thc quieter, dceper water of the reef front. Branches of 

ramose forms are less stoutly developed and morC' laxly set :md massive forms 
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Fewer corals are found in the caveenous portions (,f SUr[;!! channels an::! 

pools than are found in the other reef marf,rJ.n habitats. The rr:ore common 

corals found in tl .. S habitat of reduced li p;ht intensity wc:re: Lr!ptoseris 

hawaiien::,is ; E~"yQna ill'H.'ndocolumnas trC'a ) p olli<.:ata., r .. (Pol, astra) planubta; 

Porites sp. 1: psammocora 1~haim(' r1n.Q., ~. nicr~:!}~'tszi; rl, ld StylocoeniclJa 

armata. 111e majority of corals found in this hRhitat are of en.Jrusting, or more 

rarely. foliaceous growth form. The upper sur face of spurs, open surge 

channel walls, and open pools contain srnaH cavities m~d holef . These 

microlu:bitais of redu ced light have species compositio:1S sim lar to those li sted 

above for the cavornous regions of s urge ch:umels and pools. 

Corallum s ize dis1..!.'jbution (,fable G and 6) for the reef m~ rgin is similar to 

that of the ou tel' reef flat. Generally, coral colonies tend to 1 e small. with the 

e'xcepiion of some species of Mor~.!:.!p.9r~, A~ropor::.!-., and Mille;>ora., which 

lochny may form spreading encrustations s everal meters in diameter. Table 2 

lisis a total of 44 eoral species representing 18 genera that w ~re observed on 

the reef margin portions of the Gognga and Naton transcct~. Nhen the corJ.ls 

that were collected from the reef margin zone but were! not ol:.served on th<3 

transects are added to this list. the total is increased :0 60 species and 21 

genera. 

Ree.f Front Zone (GO to 80 meters widC2.2 

Thi s ZOlle is not well-known in most coral distr ibu tion sl1 .dies and not 

represented in most coral colleetions becaus e of the h igh sor1' and agitated 

water fou neI there. The long duration of t.his study aUmvect fairly complete 

collections to be made in this zone during occasional periods ,)( calms and 

ahnormal winc1 direction from the south or southeas t. For th ~ s zone, Naton 

and Gog11ga tran ~ cct s m'e very similar in respect to number c f genera and 

specics per tr:lll s ect section (Fi~. 21), pcrccntnge of ree f surface covered by 

livjn~ corals (Fig. 22 ) , cornllum si 7. c distrihution ('1':11.110 [) aNI G), ~;ro\Vth 



is optimum in lhi~ zone, and at bolh tran'>ects livinv, cora.l 00\ ering the red 

surface r:Jnges betwecn 05 and Sf) pcr cellt per trans('ct line f3l!ction. The 

highest numher (I ' species and genera for thi s ;wne per transe::t section was 

46 speci (-' ~:, a t Gognga (linc scc. 52) mId 21 genera at i,Taton (Ii: e sec. 53) 

(Fig. 21) . Frmn Table 2, the total mllnb (~ r of spccin :=-; from tJ e entire reef 

front zone was 84 species, representing ~j2 genera. 1'::;b18 1 f hows that 

including the corals that wore oollected v:Hh those ohserved 0 11 the transect 

raises the tota l to 99 species, with no change in the number o. genera. With 
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the excep ti on of the Acropora a s pera anel Acropora ~~~mjl1ata, thickets found 011 

the reef flat zone, corals reach their gT eatest size ill this zCJn 3. Species such 

as AcroJ~ ~brot;:m() i cl e s, A. smithi~ Co~ c:inarHC~. £<2}umna ; ! 'iploastrea 

heliopol'a ; Favia stelligera; Goniastroa retiformis: Lobophylli ~ costa1;;,.1.; 

Millepora platyphylla; Montipol'a verrili; Pavona ~}avusj Platjgyl'a rustica : 

Pocillopora eydouxi ; Porites australiensis , P. (S.) co~~, :.:. lutea, 

P. (S.) iv,a>'amaensis; and Psammocora (S'l togi~nc~8j.~ eoml 'lonly attain 

din.mete.r:'s of 1 m or more across. rvIillepora platyphyJ1a forns columnar 

pillars several m eters across and up to 3 m in heigh L a t the s 3award marg ~n 

of the reef front. Large colonies of Porites is.) h':aya'11aensi3, Porites luLea, 

and .?Ol'itcs (S.) convexa form the nucleus of large hemisphercal mixed cern.! 

mounds and knolls 2 to 4. m in diameter and height. These co:,ul1mar pillars, 

mounds , and knolls give the r,eef front surfa ce mo~: t of its irr,~gular topogr 1.])hy 

and are a) s o indica tors of an older gTo\\·ing reef platform. G10wth forms ae 

similar for b01h transects (Table 3 and .!), and 8hmv a distinc ~ increase in the 

relative frequency of encrusting and massive types. 

The wave agitaled sec tions of the reef marg-in and shorm\ ard half of the reef 

front, wh (,1'e strong surge (;urrcnts OCClll' , COllstitute a dist.in( 1. habitat for 

sC\-Cl'al specie;:; of corals that were found in no oiher zones. r_:orals found 

exclusive ly in this ngit:ltcd water zone :l l'(~ A~'opora rlbyotano tdes, A. hystri~:, 

~. mon1i.~l\los~1. , A:, murrayensis, A: pa1J]2.~-, .!l.. slnilhi, i :cropora sp. 1; 
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acroporoid species . The shorewaru half of the reef front is, ,trangely, th:; 

principle habitat of some of the most fragile cet~pitose clumps of corals such as 

AcropOI a ~, .:. __ . :,yrillgodes,~. hys trix, ancl A. ~:ray~;is. These corals 

grow bes :cl c other corymbose acroporoicl spec ies snch as Aer 'pora hllmilif_, 

that respond to s trong water moyernent oy the development of 3tout polygonal 

branches whieh develop from a thick encrusting basco 

Subma.riJlc Terrace (70 meters wiele) and Seaward Slope Zone (70 meters wide) 

SCUBA obs ervations of the submarine terrace and seawaJ d slope zoneB 

were made in the transect locations, but no sys tematic collee. ions or transect 

studies w e l 'C made beyond the reef front. _Poritcs ~J i~l ar.laensis and 

Porites .b"-.:.l convcxa steadily increased in density and were th3 dominant corals 
, 

on the outer part of the submarine terrace and down the seawcrd slope to 35 m. 
~ 

Other corals commonly observed in these zones were large fJabellate colories 

of HelioE-ora ,£.oerulea, eolllmnar clusters of ~;anllnocora i~:.-' togianensis and 

Coscinaraea column~, small rounded colonies of Astre0pora t racilis, small 

encrusting patches of Leptastrea sp. 1 and Favite~ complan at.::.. large 

arborescent colonies of Pocillopora eydouxi, A~opora palifer i!:., and Pocill(~i?.?_ra 

verrucos0:.. laxly branched colonies of St?lophora ~~oI'(Ltx, irr~gular nodulr r 

aggregations of Favia s1elligera and Pavona cla~_, large donie-like grOWt lS of 

Diploastr e:1 heliopora (one colony greater than 3 111 in t; iameie::-), and thick 

papillate encrustations of Montipora VE'rrucosa. Down the seaward slope, 

conspicuous colonies of large pedicellate colonies of_6~:ropor~ . rambleri, 

A. kenti. and A. ravnel'i were fonnd . At the 35 m depth sever al foliaceom _ _ __ . _ __.A..---

colonies of Pach.yseri~ speciosa and Lept()~eri~ ~~~~ustaJl~ \\'81'e observed near 

the base' of large ovcehanging projections of PorilC'~ 1:'2-.:1 h~j'i , ontaJata. Small 

encrusting patches of Porites .@;lbawaiier!!;is are common in cavities, holes, 

and on the unders ide of large spreading coraJ colonies. 



CHAPTEH V 

DESCHIPTION OF THE ACANTIIA STER !,Lr'\~CI (Lli',NAEUS) 

POPULATION EXPLOSION AT TU1VI() ~\j BAY 

Acanth 8 st~T.l?Jancj (Linnaeus) is an active preclatm' that c ltacks reef corals 

by attaching its arms ,over the living portion of the cOl'allum , 'ith its tube feet. 

The gastric SHG if, then everted through the mouth and Epread Oler the coenosarc. 

A similar fceding process was observed by Mortensen (1931) :n Java and 

Goreau (1963) in the Hed Sea. , 
, Systematic coral collections have been made from variouH reef habitats 

from early 1966 to the present. During 1%6, the sta.r fi sh A, planci was seen 

sporadically; only rarely was more than one observed un any field trip. S-,nce 

the early part of 1967, the number of A. plane! obser '[,~d per field trip (Fis- 28) 

increased rapidly from three to five individuals seen (hiring l'ebruary, 19(;7, 

to se\'eral hundred seen during ,Tune, 19G8. 

It was found that in regions with normal popul:1tions, A. ;Jlanci is usu:Jly a 

nocturna l fe ed I' and is secretive at other Limes, being found 'luring the clr ytin1e 

in hole e , cracks, ann on the llnoerside of horizontally spread'ng coral col()nies. 

Goreau (1963, p. 26) notes the same behavior ,in tIw Hed Sea :md states, "The 

failure of most previolls ilW(:' fi tigators \vor king in coral reefs of the Indo-

Pacific: area to report on extensive coral des truction 1J)' A('~~ haster plnnci, 

even though thc· s pecies occurs througholl t the area, may be c.\ w partly to the 

fnct that it is a nocturnal preuator, anel its effect may not be '-;0 noticeable in 

area;:; of m ore intense reef-contl gTowth." At Tumoi1 Bay, however, when the 

populations lwgan to increase, the starfi:;h cOlllcl be s(~cn rno\ ing about anel 
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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 _Ac:anthaster toward cora11', coup '.ed with their 

population cxplosion, has resulted in the death of nearly 100 rer cent of the 

reef-forming eOl ds on parts of the submarine terrace and selward slope ::ones 

at Tumon Bay. Formerly the reefs on the lIorthwest coast of Guam possefsed 

very ]m:uriant Goral gTowths, both in the p(J}'centage of living coral covering the 

reef surf[I(!(' and the number of species foand. Dnring a receilt geological 

survey of Guam, Tracey (19G'I) also noted that this secUon of the coast sur-ported 

rich coral growth l' . 

Acanthastcr Planci Obs(>r\'ations at Tumon Bay ----- ~ 

At Tumon Ba:v, 42 species of coral were observed during; May, 1967, from 

several reef margi n and reef front pools (Naton trans(' ·...:i secii ons 52 and 5:» 

prior to the A. Elanci pOi.)ulaiion increase . The walls of thes( ! pools were , 
covered \vith 80 to ~)O per cent Jiving corals . A resurvey of t1.e same pooln 

made in November, 1968 , reveded les s than 10 per c ent. of tre walls covered 

with living corals. Only 12 living species of corals were four·el in the pool ~) at 

the time of resurvey, In oreler of their abundance, th e corals observed were: 

Millepr)l'U platyphylla, Poci1.10pora verrucosa, !-Jeliop_?!,'a ~ocrulea, Poc:i11< pora 

setchell!., GoniastEea retiformis, Po~!es sp. 1, .!\cE0!or~_~.~~ · culosa, _Acropora 

nasuta, lVIilJepora ~ichotoma, Pocillopora eydC)ll~., Po!~illop01'a elegans, a 1d 

St:y~~('niel.la arm;:o,ta. 

Based on field observations and trans ('ct studies , the fl'ir.ging reef at 

Tumon Bay has undergone the following staJ,'('s of./2.. E.~anci pr cdation. 

Normal Density Stage 

During eady 1966 norma] coral growth and density was o!)served on U e 

reef flat, reef margin, l'c<.'f frunt, anel submarine terrace zones. An 

AcantJl;:1.:?.~{'r was observed Jlll~' 1f), 1906, on the reef front on a large Pori1es 

head, but there wns no noticc:1hlc coral danwgC', No obs ervntions were m:lcle 
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Infestation Stage 

From latc J 9G() to ,June, 1967, an inc.:rcase in tho r,llmber of Acanthaster 

was observed on 'he reef front and submarine terrace i~ones. They were vnly 

occasion,illy seen on lmy other reef zone at this time. UsualL{ three to fiVd 

starfish were fonnd lo('alized in s everal small seati:E'1'ed patd-es, 10 to 20 m 

in diameter. Within these scatternd patches, an estimated 2E per cent of 1he 

corals were dead and had a !~::,]eached" wh i Le color. The star :ish were not 

feeding during the daytime and were observed only afte.:- a SC2 rch was made in 

the vicinity of t he; dea(\ white cora 1s . 

From the summer of 19G7 to April , 1968 , the nnm!)er of ;tarfish obser ved 

increasod c,)nsiderably and localized eon l.l damage was more Jbvious. White 

patches of corals with larger numbers of Aeanthaste>l~ were observed more 

ftequently along the northern half of Tumon Bay. Severalloc,ltions seemed to 

have concentrations of starfish. At Bijia Point, on Oct.ober 2 t , 1967, a 

concentration of 25 starfish was observed on the reef h 'ont an,1 submarine 

terrace zones. Many corals were freshJy killed and others pc ssessed a green 

coat of filamentous algae. A second large patch of de~'iCl coraJ 3, 50 m wide, 

was fOUlld on April 4, 1968, about 100 m south of Naton transect, where th(~ 

reef front zone intergracles into the submarine terraco. The ;. tarfish were 

concentT ated around 111e perimeter of the patch and \\,(:,'8 aetiv ~ly feeding d;!ring 

the mid--tl:l.y. No actual count waR made of the num Ix)l" .)f star 'ish present, but 

it was estimated to be considerably lal'ger than the 26 counted at Bijia Poirt. 

Population Explosion Stage 

On June 1, 1968, the same region south of Naion i)'~Hlscct was revisited. 

Hundreds of Acn nthai~ter were obs crv(>o on the reef fr )llt and ~ ubmarine terrace 

ZOlWS. The infestaLiCll1 was locaJizE'd to several strip ,,; :30 to 5) m wide, which 

extended from the bre>aker region of 1he ),0c[ front zone to a point 150, m 

seaward in the submarine terrace zone. This was the farthes t point seaward 
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per cent of the corals were dead. Greaks t densities or Acan1haster were --- -

observed at the Jiving coral contaet zone along both sides of tli e infested bands. 

The centrnJ port; ms of thc infested bands had ~;cattercd clust(;rs of starfis:l 

feeding on the few remaining patches of living corals. The A. anthaster WEre 

at this time feeding and active ly moving about: nt all times of 1he day. A 

hemispherical colony of Pori i!~ s lut.e::"., ] 111 in diameter, had ( ight starfish 

feeding OIl iis surface at tl1C same t.ime. The reef mm:-gin anc inner part of the 

reef front were relatively uninfested, although these ;(.one5 co ltained dense 

coral g1 O\vths . 

By November, 1968, several sections of the reef ft'ont ar d submarine 

terrace a long Ttl 111 on Bay, about 300 m wide, were found with 80 to 90 per cent 

of the corals dead and coated with various spccies of algae. ':hese extensive 

dead regions were formed by coalescence of the expanding strips of infestation 

described above. Acanthaster were most abundant aiollg the Hving borderR of 

the dead regions. The central portions of these large dead aI'eas contained 

some small living patches of coral, especia Jly on the upper 51. rface of cor:.tl 

mounds, knolls, and pinnacles. Patches of living coral werc more numerous 

where the reef front gTades i.nto the reef margin zone. There was considerably 

more starfish predation in deeper reef arc-as with les s water novement, than in 

regions of strong surge currents and water agitaLion. 

The reef front and submarine terrace 7.0)1('8 of N:i.hn and Gognga h'alU ects 

became infested with A.canth,!J~ter in January and Febl'tlary of 1969. Fortu lately, 

the transect studies of the reef front were completecl l ldore s .. arfish infest ;tion 

changed the ol'iginal coral distributions there. Studies of the remaining reef 

zones to be carried out at the transect loc:ltions were rapidly finished, espC'cially 

on tJ)(' reef m:l1:gin, before the starfish precbtioll could alter he coral spedes 

composi1 iOll 010l'C'. The recf margin was not hcavi ly infested at any time c;ur ing 

thc rCl1laimlc'l" of the transect study. In th(' reef lWll'gin zone, seven starfish 

were found concentrated on a oinglC', large arborescent eo]on~ of Acropora 
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observations of this stagE' are fTom reef flat :lanes ner-G' the N lton and Gog' lga 

study areas. No Acanthaster. were found in these zone:3 at the Gognga transects, 

but a total of fivc were observed at the Naton t.ransects wherc deeper water and 

a small channel enhance the movement of starfish onto the TE-A flat zones from 

the reef front. 

Migration Stage 

On April 4, 1969, a single line transect was pla-ced acro~- s the reef margin 

and ree:': fr ont. zone at. Cognga transed and all s t<irfish occurr ng within viE-ual 

proximity of it wore counted. A total of only se ven .t\c;~ntJ~·u,_~ ~r were obser ved 

by usinh this metnoc1, hut at this time 80 to 90 per cent of the corals found in 

these zones were dead and most of the starfish had since mov od out of the 

r'egions of dead corals into other areas of rich coral growth. Observations at 

several places along the outer reef front and sllbmari1H~ terr a - ~ e of Tuman Bay 

revealed extensive coral damage, GO to 90 per cent kilJed, bu : large 

concentrations of star fish were not found. 

Chesher (196%) reported a large starfish popuJatiml in SI.'ptember, 1968, 

north of Tuman Bay at the Double Heef (Fig. 1) and a s:.J.bsequ _mt kill of 88(j 
2 

starfish by divers from 90,000 m of reef surfa(;e at t1.at loca lity in Noven ,.ber, 

1968. Migration out of 1\Ullon Bay area of some starfi.sh mus t have taken )lace 

before Spring, 19G9, or possibly sC'v(Tal popuh tion c"plosion ; occurred w thhl 

a short period of time along the northwest coast of Guam. Possibly a 

combinr,iion of both of the above took place alollg this C:0astlin· ~. 

Concludin g ~otes . 

During the course of reef studies at Tuman Hay, it was ohserved that coral 

attacked by !~. pl~I I~~ usually undergoes the following ('hange8 - (1) the coral 

surface occupied by tho starfish turned a pale tall to white cohr; (2) a thicl~ 

mu CllS -Ji ke s lime was s('cretccl from the a ttacJ.~ ed portions: (~3 1 the denuded 
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attacked rq)on of the coral did not Beem to 0(,CU1'; (5) filamen ~()us algae, tlsual1y 

macroscopic blue-gl'cens, were the first organisms to beconw established on 

the freshly killed areas of the corallllm; (G) filamcntou8 algao were usually 

followed b\' a succession of other algae, depending UpOJ:i. the r ef zone or SE ason; 

or (7) the dend cOl'aJ may be encrusted by the sllJ'viying corah-, such as 

MillepoJ'a or :i"TontiJ2.C:.!.:.~ species. 

Observcltions at Tllmon Bay indicate that the quiet water (f the submarine 

terrace zone is usually the location whol'o A.' rlan~ populatio,;s first appenr 

and incrchsC' in Humbers. The increasin~ population then exp:, nds seaward to 

the depth limit of reef corals and shoreward to the agitated W~ tel' of the reef 

margin zone. When the corals are kmed with.in these limits, the population 

moves parallel to the reef edge, commonly forming se,"eral 1< ng sinuous herds 

which were also noted by Chesher (1969a). If the starfish pop'J.lation is 

con'tained by local barriers such as reef .;;ections with dead cccals, feeding 

pressure may cause them to move to unfavorable habitflts SUell as the reef 

margin. 



CHAPTER VI 

DISTIUBUTION OF COHALS AF'TEH ACANTHASTER PLANCJ 

POPU L .. I\ 'IrON EXPLOSION AT TANGUlSSON POHT 

Coral di s tribu tion at Tang;uissoll Point (Fig. 5) is based u!,on data from 

three transects. general field observations , and some :,pedm' !n collections. 

Extensive systennUc coral collections were not matle at t.he T mguisson study 

region becauRe a similar species composition was collected at Tumon Bay. 

T~1e only corals collected at Tang"llisson Point were those that Jould not be 

ide~tified in the field. those that represented new growth form:;, or those that 

were not previously collected at TUmO!l Bay. Field work for he study was 

started at Tanguisson during September. 1869. and was contIn Jed until 

July. 1970. 

At the Tanguisson Point study area, Acant!1aster 121:mci in :estation of the 

submarine terrace and seaward slope zones took place sometime between 

June, 1968, and September, 19G8. Predation of corals by stadish in these 

zones has resulted in major changes of the ecos~Tstcm. The IT ost obvious 

change in the ecosystem has been the deat h of many f1'a111ewor ]: and reef-bu :lding 

corals. Many other less obvioLlS successional changes ::ITO ah'o taking plae 3 

there. This study will, hopefl!lly, establish a level of reef rec :overy, at least 

for the corals, and establish a bflseline for future coral invesL gations planlled 

in this area. 

Table 7 lists the fr('(!lIcncy distribution o f coral spt>cies ohserved on th2 

transects by red z :mes. This taule shows that: SCi species rep .:.'esenting 30 

genera occnrred on the three tnmseets. Combining the numbe r of species shown 



Table 7. Frequency distribution of coral speci'es 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 reef flat sub zones were omitted because only 
two spec ies with a fr cqucncc of occurrence of one O:lch were fOll nd there. Thc8 ~' two 
species a re indicated \-vith the symbol *. ] 

Reef 
margin 

Reef 
front 

Submarine 
terrace 

Seaward 
slope 

1\1 1 zones 
combined 

Name of Coral 

G~daxea hexagonalis 
GOlliastrea retHormis 
l''l./: a stelligera 
f>:i'.I.'na varians 
P ... J{.'illopora verrucosa 
F:J.\ ia pallida 
=\; (':l tipora verrilli 
';;;,1'ites lutea 
L'.' j ·,t:: '.strea PGrpure~'!. 

L'-'l-,~oria phrygi:=t 
/I.crmthash"ca echinata 
Lcptoria gracilis 
:.1: :~i.':ijl!l a V~a.tJ' J-'11,Y 11", 
/\,t..ropora hystrix 
;"I i ilepora exaesa 
!\Tontipora sp. 1 
P;-;nmmocora nierstraszi 
c: ~ l :~strca ~)a ·i."·\.·i:;~clla 

l ' ::-.' i tcs complanata 

No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative 
coralla per cent coralla per cent coralla per cent ('o1'a11a per cent cOl'aUa per cent 

6 
1 

12 
1 
1 
2 

" " 
1 

Iv 
7 

2 

8.11 
1. 35 

16.22 
1. 35 
1. :35 
2.70 

4 .05 

1. 35 
16. ii .i 
9.46 

2.70 

85 
69 
39 
1" .:> 

21 
18 
31 

B 
4 

16 
24 
20 

!1 

9 
5 
6 

10 
" "" 
6 

15.60 
12.66 

7.16 
2.:39 
3.85 
3. :30 
5.69 
1. 65 
.73 

' ) ()A, ........ , "'-

4.40 
3.67 
1. Go 
1. 65 

. 92 
1.10 
1. 83 

~~ 

• t) I 

1. 10 

4 
2 

20 
39 

S 
18 

7 

17 
16 

9 
1 
1 

10 
6 
2 

11 
4 

1. 67 

.83 
8. :13 

1G. 25 
2.33 
7.50 
2.92 
7.08 
G.G7 
') ~~ 

,,). ,;) 

.42 

.42 

4.17 
2.50 

.83 
4.G8 

1. 67 

1 

1 
4 
1 
8 
8 

3 

1 

1. 75 

1. 75 
7.02 
1. 75 

14.04-
14.04 

5.26 

1. 75 

90 
77 

GO 
52 
4.2 
41 
40 
36 
28 
28 
25 
22 
19 
16 
15 
15 
14 
13 
11 

9.80 
8.39 
6.54 
5.GG 
4.58 
4.47 
4.36 
3.92 
3.03 
:3. 05 
2 "'? . ,~ 
2.40 
:<::.UI 

1. 74 
1. 63 
1. 63 
1. 53 
1. -1: 2 
1. 20 ~ 

o 



Table '7 continued. 

Reef Reef Submarine Seaward All zones 
margin front terrace slope combirv::d 

~ame 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 cOl'alla per cent cOl'alb :::er cent 

Acropora murrayensis 6 8.11 4 .73 10 1. 09 
AC l'Gpora nana 7 9.46 3 .55 10 1. 09 
;\cl'opora nasuta 4 5.41 6 1. 10 10 1. 09 
P ill.'(Jna clavus 8 1. 4 7 2 .83 10 1. 09 
S ~.\"j ocoeniella armata 7 1. 28 2 .83 1 1. 75 10 1. 09 
G c;~;astrea pectinata 8 :3. ~3:3 1 1. 75 9 .98 
l\; col\ Lipora sp. 2 8 1.47 1 .42 9 .98 
P l ', '::'j astrea versipora 1 1. 35 8 1. 47 9 .98 
Ac:"(!pora cOl'ymbosa 5 .92 3 1. 25 8 .87 
G<tb xca fascicularis 3 .55 1 .42 4 7.02 8 .87 
::\Iu.H ipora sp. 4 8 1. 4 7 8 .87 
P oc illopora meandrina 2 2.70 5 .92 8 .87 
St\' :;'phora mordax 4 .73 4 1. 67 8 .87 
A c ; (,y)ra sureu 10sa 7 1. 2R 1 .42 8 .87 

F :l " ia favus 2 .37 G 2.50 8 .87 
, Pc "ii:es australiensis --- 3 .55 4 1. 67 7 .7G 
;,,,, uij0ra abrVla.lll)i00ci n 

~l. ~t) 
... 

v v • voJ 

Cyphastrea sp. 1 4 .73 2 3.51 6 .65 
l\lontipora sp. 3 6 2.50 6 .65 
Platygyra rustica 5 .92 1 .42 6 .65 
Platygyra sinensis 4 .73 2 .83 6 .65 
I\: l'~tCS lo;)u:a 1 10 5 2.08 G r.,r:: ... • .LU • u .... 

P ori tes sp. 1 2 2.70 2 .37 1 1. 75 6 .65 ~ 
I-' 



Table 7 continued. 
~ 

Reef Reef Submarine Seaward All zones 
margin front terrace slope combined 

Kame of Coral 
No. of Relative No. of Relative No. of Hc1ativc Xo. of Relative No. of Helntive 
coralla per cent coralla per cent coralla per cent oora11a per cent co1'a11r ~er cent 

Lr)bophyllia costata 4 .73 1 .42 5 .54 

:!\ [')ntipora foveolata 4 .73 1 .42 5 .54 
:; ; ,n tipora sp. 5 5 .92 5 .54 

1):,/ona (Polyastra) sp. !3 4 .73 ·1 1. 75 5 - f 
• ;Yt 

AH ." eopora gracilis 1 .18 .... 1. 25 4 . 45 v 

lJ' l)~astrea sp. 1 1 . ).8 3 5.26 4 .45 

Et I'inopora lnmellosa 2 .37 1 1. 75 
.., .33 v 

;,k; lipora monasceriata 3 .55 <) 
..J .33 

?,:· Jll1.ipora tuhcrculosa 3 1. 25 3 .~3 

:II '') !ltipon1 conicu1a .) .55 3 .33 <.J 

P'; L'i.t.cs (Syn'araea) 
i ... · .. ayamaensis 1 .42 2 3.51 3 ." ... 

• \..')0 

f\ (']'()pm~a pa lrnerae 2 2.70 1 .18 " .) • :13 
I~ t:P~~ ; l strea transvel"sa 1 .,:j.2 2 3.51 3 qO 

• v':> 

Frl. via valenciennesii 2 .83 2 2'>. · -
CV2ioseris cyclolites 2 3.51 ') .22 " 
C ~, \...l0~~';.l.·i::; ~i.J . 

. . 1() 1 , e> <) <)<) 

.... • ..LV ~ .... - -
Lthophyllia corymbosa 2 3.51 2 .22 

l\Iontipora granulosa 2 .37 2 .22 

:'Iontipora sp. 6 1 .18 1 .42 2 .22 

Poci llopora setchelli 2 2.70 2 .22 
Cr;:1i:Jpora c'1k!C .... nn 1 At) 1 1. 75 2 .22 .... • .L_ 

Foc;lbpora eydouxi 2 .37 ') .22 - <:;I 
t\:) 



T:;ble 7 continued. 

S ame of Coral 

Poci llopora sp. 1 
Psammocora e::esa 
A(:~'opora humilis 
ACt':.'i)Ora sp. 1 
Ac: r ( -pora s m iihi 
IV':-l upora ntlida 
As ,y r;opora myriophthalma 
C' '. -: lnaraea columna 
C · ;;l \1.st.rea scrai.lia 
I>' :!i nophy l1ia as pera 
r:'-! :': t- )choporn. vi ol:J.c ea 
.1.' a "Io' i ?" fa vosa 
F:'_: i fcs ne~uosa 

J:; •. ' ; " jJol'a cocru; cu 
H: d".uphora microconos 
L '~' ) ' oseris ha waiiensis 
~\ ll l l ::pora t11cl1owma 
;.rO~1 ti!)ora hoffmeistcri 
P a "<h1a (Pseudocolumnastrea) 
pu l ~ icata 

POl' j tes (Synaraea) 
·.1,\ aiiensb 

Reef 
margin 

Reef 
front 

Submarine 
terrace 

Sea'ward 
slope 

All zones 
combined 

No. of Relative No. of Relative No. of Hcln.tive No. of Relative No. of Relative 
corana per cent coraHa per cent coralla per cent contUa per cent cOl'all~ :-;e1' cent 

1 .18 1 .42 2 .22 

2 .37 
') 
~ .22 

1 .18 1 1. 75 2 C).) . .:- .... 

1 .18 1 .11 

1 .18 1 .11 

1 .18 1 .11 

1 .42 1 .11 
1 1. 35 1 .11 

1 .18 
1 .11 .L 

.. 1. 75 1 .11 1. 

1 1. 35 .42 1 .11 

1 1 .11 

1 · 1. 75 1 .11 
1 

., .11 I 
.L. 

~ 

1 .18 1 .l1 

1 1. 75 1 .11 
.. , .. 

1 • HS J.. ....... 
1 .18 1 .11 

1 .18 1 .11 

1 1. 75 1 .l! 
(!') 

c .. " 



T~ blc 7 continued. 

S ame of Coral 

P o:::' i tes (Synaraea) 
1-, ) 1' izontalata 

P s :n mnocora (Plesioseris) 
~"aj mean<l 

Totals 

Total species 

Total genera 

Reef 
Margin 

Reef 
front 

..... 

Submarine 
terrace 

Seaward 
slope 

All zones 
combined 

No. of Relative No. of Relative No. of Rela tive Ko, of Relative ~o, of Relative 
coral1a per cent coralla pel~ cent coralla per cent coraEa per cent cOl'alb ;,d cent 

1 1. 75 1 .11 

1 1. 75 1 .11 

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 

~ 
,!::.. 
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and gcnera occurring; at Tangnisson Point, !)1 species ::'epresI 'nted by 30 g( 'nera 

are hermatypic sclcrac1inians and the remaining; 5 sp( ~ cies r e )resenting 3 '~enera 

are nons clcracti ians. No ahermatypic corals were 0t'serVc(' or collected at 

Tangl.lis:-:ol) Point, even though investigations wcre made to a lepth of 35 IT. . 

Intertid~] _~~~ (5 to I n meters \\'i~~ 

In most places the intertidal zone is either bare. r(!ef-roc c or an irreg.llar 

emergent s1rip of solution-pitted limestone. Cut. henehes with pools that might 

contain cor aL ttl'e not found along this region as they flre ace lsionally found on 

the winch, ard ea s tern coast. 

Reef Flat Zone (70 to 100 m eters ~YJde) 

~ The fringing reef platform along Tan guisson Point. is divi:led into inne~(' and 

outer re(~ f flat subzones, but the im1 e~' r eef flat is very poorl~ ' developed. At 

low tide tbe impOlU1ded ,vater or moa t, which ck·lili8ates the l1.11er reef flat 

subzone, represents a very small percentage of the reef l;lat~orm and is }1:)t 

contiguous along the enUre study region. 

Inner ned Flat Subzone 

This subzone is represented hy s e\'eral small pOO .s (Fig 5) at transe ::: ts A 

and C. No corals occurred on the transe cts, hut s eve.'_'al s mall colonies of 

!'9rites_~1 tea were observe d in a small pool near trans ect C. 

Onter Hecf Flat Subzone 

Thh: subzone is, in most places, a flat limes tone paVCJll mt with very little 

relief. Only t"'.\-O colonies of corals were encountered, Pocil]opora meancl '~Jna.. 

and Po~i~'s liclwn, on the transects . Thes e two colonies \\I("'C found OCcl1 ~)~'ing 

a shall0\\' pool ne~lr the reef margin zone . Coral ohs ervati.olls along other p:u.:ts 

of tll'-.! ()~I kl' l' c C'f ftnt nrC' sindl~l' to 11101"(' found nenr the i.-.' ;1l1 W ei rC'gions. 



Roef M3n~in Z~me (20 to 30 meters wiele) 

This ZOlle is mvash cOl1l:>tantly and represents a eOllc!ition favorable for 

coral developrnm .t. Figures 29 and 30 reflect this abn,pt c;ilatlge in habitat, 

at tranS f:~cts A and E, by significant increases in the pe!"centa~~e of reef SUI face 

covered by 1 iving corals and 1118 number of species and gener .. per transec1 

station. 

Transect C (Fig. 30) is atypical in respect to coral densi'y because of ' 

conditiom~ at stations 11 and .12, both of which occur on the npJer surface of a 

rather barren spur. Visual observations tl,crc, ihl)u l~h , rcve,J normal coral 

growth allrl densities adjacent to these barren stations. 

The reef margin environment, like that at ';'Ulnlln Bay, c[ n be divided into 

three separate habitats, 111e well-lighted, strongly-agitated w ~ter region found 

~n the upper surface of spurs that separate surge Chall1191s, 11-. e open surge 
~ 

chmmels and open pools, and the poorly-lighted, cavernous regions of surg'c 

channels and pools, On the upper surface of the spurs, the n1')st common (.'orals 

were: Acrop,ora pa1merae; Goniastrea !etifor~js ; MiJJ9pora platvphylla,; 

Pocillopora~9rina, P. ~tchcl1i, and P. VClTuc(;f!..0:,(Fig. 31). Inthe~urgE: 

channel and open pool habitats the more common ('or ~tJs encountered were: 

Acroporn._ hystrix, A. murrayensis, A. nn.]l~~ A. nasll..!~~; Favi~ pallida, 

I: stelligel~; Gonias trea retiform is; L~.ptoria_ g,TacD.i:::.., L. pl:rygia; Millel :21'2:. 

platyphylb: Plesiastre8 ver sipora: Pocillopora ~ern~~~: an·l P orHes lut<!!., 

Growth forms in the surge channels were similar to those ob~ervec1 on the 

upper surface of spurs at Tumon Bay. In open pools the grO\\ th ,forms are more 

like the forms encountered on the shoreward half of the suome'rine terrace. 

Corals e!1count.ercd in cavernous regions of surge channels :md pools were 

mostly pnCl'llsting forInA of .!~sammocora !.!~<!rs~r~1sz~, Porites sp. 1, and all 

encrusting gTo\\'th form of Coscinaracn. C'o~llInnn.. Cespitosc growth forms are 

prC'domin:mL in the reef margin zone, wilh nearly 48 per cent at transect A and 

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. 
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Fig. 31. Coral ~;rowth on upper surface of a reef margin spu:.". 



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

Outer reef Reef Reef Submarine Seaward All 7t") lles 
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 

::\ , r q;;~ ive 0 6 13.6 46 25.0 2 5.6 0 54 18.7 
Epl'l'u sting 0 10 22 . 7 97 52.7 72 75.0 20 80.0 154 53.3 
Fn' i:;. ceo1J.s 0 0 0 0 2 8.0 2 .7 
F i H::'.'llate () 5 11.4 7 3.8 0 0 12 .1. 1 
C(}~'yrnbose 0 1 2.3 5 2.7 0 0 6 2.0 
CC"~.! tose 0 21 47. 7 26 14.2 5 1:3.8 1 4.0 53 13.3 
A r :'(;l'8scent 0 1 <) 'l 

~. - ,I I) 0 0 1 .4 
P i. :: (".!loid 0 0 3 1.6 1 2.8 1 4.0 5 1.7 
C'i ~'J)nnar 0 0 0 () 1 4.0 1 .4 
~ (d ~ tctrj~ 0 0 0 1. 2 .8 0 1 .4 

'rotal 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. Dish'ibution of coral growth forms by reef zones at Transect B, Tanguisson Point. 

Outer reef Reef Reef Submarine Seawa:::d 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 coralla per cent 

i\T:ts sive 0 3 10.0 52 2:3.3 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 
Fc,li :1ceou s 0 0 0 0 1 4.8 1 .2 
l": ', ~ ' () Jlate 0 0 0 1 . 7 0 1 • :2 
Cq ",'mbosc 0 2 G ~ • I 7 :3.1 0 0 9 2.2 
Cc "; I)itose 1 50.0 21 70.0 12 5.4 6 4.4 0 40 9.7 
A; i;orescent 0 0 7 3.1 0 0 7 1.7 
Pi1accloid 0 0 1 .5 0 0 1 .2 
Cl;l'.:, mnar 0 0 0 0 0 0 
Se li 1.'lry 0 0 0 0 L1.8 1 .2 

Total 2 100.0% 30 100.0% 223 100.0% 137 100.0% 21 100.0% 413 \ 100.01;, 

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

I-' 
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I-' 



Table 10. Distribution of coral growth forms by reef zones at Transect C, Tanguisson Point. 

Outer reef Reef Reef Submarine Seaward An 70nes 
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 

l':<Lssive 0 0 20 14.5 3 4 .5 1 9.1 24 11. 1 
E;",c"1:usting 0 0 102 73.9 60 89. 5 8 72.7 170 78.7 
FOliaceous 0 0 0 0 0 0 
F~: Lbellate 0 0 0 0 0 0 
C(n'mbose 0 0 6 4.4 0 0 6 2.7 
Cl'Sl) itose 0 0 9 6.5 ') 

.J 4.5 1 9.1 13 6.0 
A}'horesccnt 0 0 1 .7 0 0 1 .5 
Ph a C'cloid 0 0 0 0 1 9.1 1 .5 
CO I'.l.lnnar 0 0 0 1 1. 5 0 1 .5 
Sft lj ta ry 0 0 0 0 0 0 

Total 0 00.0% 0 00.0% 138 100.0% 67 100.0% 11 100.0% 216 100.0% 

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

~ 
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Corah; that were not encountered on the reef margin quac1rat stations, but 

were obs erv('d there were: Acropora .1lhrotn~oidcs, A .. ~1)lith ': , A. surcuksa; 

HyclnopllOl':l !Di.~. 2£onos ; Pavon a ~]:l\'\.1.~, P . ~doC:2.~umnas :rea) pollicat1; and 

StyJoCO(~!~:~:J'}..0:. arm(ll:~. Porites sp. 1 and ~~I!:~eoenieJ1a ~~1L .a were foun{1 in 

all thre , ~ r eef lnDrr,:in }labitats in small holes, cracks , and on the underside of 

large sprcadill :!; cOl'alla. 

CoralJum diameter was small, with most colonies meaSl! ~ing less than 

15 em. Coral diameter distribution (Table 11 through 13) Via;; about the same 

for all t111 eo IT:ms ects and was similar to that found elt Tumor Bay before 

P.. planci infes tation. 

Several I11njol' difference s of cora.l distribll tion 1)(,1:ween his zone at 

Tanguisson ]Joint and that at Tumon Bay \\'ere rev<.;a 1crJ when : l comparison of 

<.'lata was made. The first major difference was the occurren , ~e of numerOllS 

Acropora ~"@..suta colonies, nearly 50 per cent relative frequel cy, at Tumo:1 Bay, 

(Table 2) compared to a relative frequ ency of 6 pel' cent Acrc"Jora nasuta 8.t 

Tanguisson Point (Table 7). Secondly, frequency di stribu.ti 01· Table 7 sho\1s 

that 21 species representing 12 genera were found on t 11e reel margin, which is 

less th2n half the number of species encountered at Tumon B, y for the sar,le 

zone (Table 2). These differences were caused by the rather atypicalluA"U riant 

coral growth found at Nalon transects, whi ch weights the rela tive frequcn( y 

table wlwn combhwd with the data from the more t}pical Gogllga transects. 

The tot~1.1 number of gener a and species for the Gognga reef n largin is 14 clld '27 

respectively, \\hich is similar to the number founu at Tanguh.son. 

Hcef Front Zone (50 to 70 meters wide) _________ ._:1.-..._ __ 

Major rliHcrell('Ps in coral distribution bc'gin to emerge rit the reef fnlnt 

zone bcr:msc of prior A. phnci aetiYity. Comp:wison of Figure 30 from 

T~U1r-.uisSOJ1 Poillt with Fig'Llre 22 from Tumon Day points out Ihe major dHf0.1'enc( 's 

in the pel'('('ll1.ng(· of reef surface covered by living- co)'als at ' he two stuely r('~ion~. 



Table 11. Distribu tion of corallum diameter by reef zones at Transect A, Tanguisson Point. 

Outer reef Reef Reef Submarine Seaward All "ones 
flat margin front ter race slope combined 

Diar.: eter range 
in cm No. of Relative No. of Relative No. of Relative No. of Helative No. of Relative No. of Relative 

eoralla per cent coralla per cent coralla per cent coralla per cent cOl'aHa per cent coralla per cent 

0-5 0 19 4 3.2 124 67.4 32 88.9 21 8',); . 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 <) G.8 12 G.5 0 0 15 5.2 0 

16-20 0 1 2.3 6 3.3 0 1 4.0 8 2.8 
:n-25 0 2 4.5 2 1.1 0 0 -1 1.4 
:~G -30 0 --- 0 0 0 0 () 

'_a -~j5 0 0 0 0 0 0 
~J6-4 0 0 0 0 0 0 0 
-11-45 0 1 2.3 0 0 0 1 .3 
l- G-up 0 1 2.3 0 0 0 1 " • .:> 

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

Outer reef Reef Reef Submarine Seaward AI: 20nes 
flat margin front terrace slope combined 

Di ameter range 
in em )1'0. of Relative No. of Relative No. of Helative No. of Helative 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.S 20 14.6 2 9.5 131 31. 7 

11-15 0 10 33.3 29 13.0 0 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 0 10 2.4 
26-30 0 1 3.3 9 4.0 0 0 10 2.4 
~{ 1-:35 0 0 2 .9 0 0 ') .5 ~ 

36--iO 0 0 6 2.7 0 0 6 1.5 
'11-45 0 0 2 .9 0 0 2 .5 
16-up 0 ~ G.7 4 1.8 0 0 6 1.5 

Total 2 100.0% 80 100.0% 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 13. Distribution of ,?orallum diameter by reef zones at Transect. C, Tanguisson Po int. 

Outer reef Reef Reef Submarine Seaward All "'')11e8 
flat margin front terrace slope combined 

Di ameter range 
in cm :No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative No. of Relative 

coralla per cent coraUa per cent coralla per cent coralla per cent coralla per cent cor alIa per cent 

0-5 0 0 93 67.4 58 86.6 10 90.9 161 74.5 
6-10 0 0 30 21. 7 7 10. 4 1 9.1 38 17.6 

11-15 0 0 9 6.5 2 3.0 0 11 5.1 
J6-20 0 0 2 1.5 0 0 2 .9 
21-25 0 0 1 .7 0 0 1 .5 
26-30 0 0 1 .7 0 0 1 .5 
:.n-35 0 0 0 0 0 (\ 

J 

36-10 0 0 0 0 0 0 
4 l-~1 5 0 0 2 1.5 0 0 2 
-IG-up 0 0 0 0 0 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. 

~ 
o 
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Tumon Hay only for the first one to three qnadrat stations immediately seaward 

of the reef mar r:rin zone. This similarity at first indicates th:.t starfish 

predation was ab ;ent or at least nearly so along this narrow <.:ne to three 

quadrat h3nd. However, when paramet ers other than percent 1ge of reef 

snrface covered are compared, it is apparent 1hat coral distr bution chang~s 

have indeod taken place. Comparisons between Figure 21 anC! Figure 22 rev€al 

higher numbers of species per transect line section at Tumon Bay than per 

transect quadrat station at Tangl1isson Point. There was alse a major shift in 

growth :O.l'lTlS (Table 3 and tl and Table 8 , 9, and ]0) fo..:' this : one at Tanguisson 

Point. Corymbose and cespitos e gro-wth forms had be tn redu ~ed in relative 

frequen cy, whereas encrusting types had increased , 0bservdions and 

collections at Tanguisson Point reveal, however, that ramos(: and cespitose 

g1.'O'.vth forms were previously more abundant, indicated by th ~ many dead 

ac~.oporoid corymbosc and cespitose cOl'aHa which had been o'"ergTown by 

various encrusting l\1illepora and Montipora species, Breakil lg waves 'and 

accompanying surge seems to cause sc10ctive feeding by A. E. anci on corymbose 

and cespitose Acropora gTowth forms in this section of the 1' 0 ~f front. DUJ'ing 

the earlier A. planci infestation and predation period s ome st lrfish were 

observed feeding in this part of the reef front zone. Chesher (19G9a) also 

reported some starfish activity in this zone, but noted that tlwy had difficu lty 

in attaching their tube feet to smooth, rOLlllded cor~Jl.1.a. Fron , the above d:. ta 

and observations, it would seem that select.ive fecdin L; behavhlr by A. plan ~:.! 

has changed tile distribution of corals in this narrow band of furge ahd 

wave-ass aulted reef front, but, .beeause of coral resllcccssiOJ by different 

species and growth forms, the pcrcent;lge of corals coYering '.he surface hJ.s 

remainC'd nearly lho same . 

Common corals obsel'ved in the above reef zone were: A'Janthastrea 

cchinata; ACTop'?ra_abrolanoidcs, _'2... ~r.vmbosa, A. !1vstrix, A. murraye;.sis, 

A. ~ta, A_. slll'eulosa; Favis stelliger;l: Galaxea hex2gonali s; Goniastrea 

~~if~~~}.~ ;. : Lc' p t (~~ia :.2L2.~~!.!. :~ : ?,fi.l~~L~Ol·:l li~~.:~ \ :ph'J.~:~' ;~~..'. ' ll ~ tj!)(~: ~ :vrrilli , 



.M0ntip~~t sp. 1, Mon..!:ipor~ sp . 2; Pavon a v:lrians; Pla.!:,Yg1'I'a : inensis; 

PociUop()ra vcrrucosa; Poritcs liltea; and Stylophora m0rdax. - ----- ------ ---"------ -----_._-
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Sea'vard of 1.1 c narrow wave and surge see Uon of the reef front, the 

perccntaf'.c· of living coral s covering the reef surface (Fig. 30: drops rapidJy as 

deeper v;ah:~r is encountered, to Jess than 1 per cent for some quadrats near the 

submarine torrace. The reef front zone at transect B is shallower than that at 

transects A and C. This extends the wave-as saulted section of transect B 

farther sea\vard ano explains the presence of a fair 1y high per ; entage of li"ing 

coral COV Cl'iJ1g ti1C r c'cf surface for the outer PDl't of the zone. Observations of 

dead corulla indicate thnt species compositi.on, colony diamct· ~r, and grow1h 

forms were very similar to those found living at Tumon Bay. Even though 

slightly less relief of topographic growth sh'uctures such as c )ral-algal knobs, 

Hosses, and pinnacles was noted at Tanguisson Point, it is sti ll obvious iliat 

nearly similar reef development. was taking place as that at Tumon Bay. 

Most living colonies encountered arc either slYlall, regen:)rated parts of 

larger, older, dead coralla or small encrusUng corallcJ. from lew planulae 

settlement. Prior A. plan<j 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 prcdati .::m. These 

surviviDg sections resume growth by growing upward anel spr( ading outward 

over old [lead parts of the parent coralhnll and appear Fl.S sma I encrusting 

patches. IVlos t young colonies es tablished fr om newly <;eltled planu lae alse 

appear as s ma ll encrustations, even though later growth deve' opment may be of 

ramose or massive form. Corn..llum diameter is, therefore, small and tlw 

number of encrus ting gTo\\·th forms is high becaus e of pa tchy ;'egeneration and 

the prcE('nce of nowly seUled corals. 80111(' coral s observed 10 be regcner J.tinf,?; 

from 01<10)' colonies were: Cyphastrca sct' ailia: Fa via stellif,?;.' ·ra; Goniastr 8a. 

parvist~:ll~, Q.. !,ctiformis; Lcptoria gt'~cili s : I.oiJophyJli:1, s'or ymbosa, 

L. cos tata ; Pa vona clavus: Plesias trea ~:£rsipora; POl' ites_ au~ traliensis; and 
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Favia favus , E .. p'0lida; _~"yit.c~s complanata; ~eptastr.~~purpll rea, Leptastrea. 

sp. 1; M2.J] cpor~ Elat:vph:v~la; ~lontipot'a foycola1.a, M, ;4Tanulo:~a, M. verriUi, 

Montipora 8p. 1, '!rontiJ~~ sp. 3, M. eonieula; Pavon3. variar~; Pocillopol'a 

sp. J; ~Hlrl Pori~~s !~tca. 

Table 7 list ~' G;") species representing 2-1 genera for the reef front zone. 

Added to this lis t those species conected but not obse1.'\'ed at [Ie transect 

stations Cfable ]), increas(,s the total spe cies for the zone to 70 species 

representing 24 genera. 

Submarine Terrace Zone (40 t~_110 l1!eters \\· ideLancl_~.E-war_cl Slope Zone (50 to 

70 meter~. \\"iele) 

These zones were not quantitatively studied at TUlY,on Ba) prior to A. planci 

predation. Some SCUBA observations on these zones at Tumen Bay were made 
~ 

prior to and after the starfish infestation, therefore, some qU:1litative 

com.parisons of s imilar zones at Tang-Hisson Point can be mad~. The subrr!arine 

terrace and sea\vard slope zones were the most heavil~' infcshd with A. l2!:mci 

during t~e initial invasion, and as a result nearly all the origiJal coral 

populations were killed. Regeneration of s ln8.11 sections of la" ger colonies and 

resettlement of some corals has taken place as described for the reef fron ;, 

but to a lesser dc'gTee, especial1y on the sca\vard slop e . Abont 84 to 90 per cent 

of the cOl'als were less than 5 cm in diameter (,fable 11, 12, md 13) and 73 to 

89 per cent were of encrusting 6'TOwth form (Table 8, 9, and 10). The ave-:-age 

percentage of living coral covering the reef surface on these ':ones (Fig. 3)) 

was less Ulan one . At transect A, station 25, the highest per(!entage of coral 

coverage' U%) was found, call s('d by a single patchy living colony of Porites (8,) 

horizon la lata. 

For the submarine terrace 7. one , 45 spe cies represented by 22 genera 

(Table 7) occ\llT~' cl within the quadrat sinlions. SpeCimen collections made in 

this zone il1(T(,~lsed i110 number of spc'cies :md genera to 47 and 24 respectively. 
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Favia !.~yl~~, . .E. QalJich, F. stelligera; .r!"<2.!liastr~ l~lr\fi::;t(~llFl, G. pectina1a; 

Leptastrcll Q.urpll!.'ya; Lop.toria. phrygia; l'vlillgpora .23ii!.:'~; 1Y1o:1t.ipora verrilli., 

Montipora sp. 1, "2.Tontipori'!:. sp. 3; Pavo.na vn.rjEI1.§.; Porites .~obata, and P •. Lutea. 

Thc tolrll lIU mhcr of species occurdng 011 the seaward slrpe zone, including 

one colJect<:'cl specimen, was 32 species n'IH'CS cnting 21 gene] a. This wa5 a 

considerable r~duction when compared to the submar.ine terr C! ce and was r <31ated 

to little r egoneration from older colonies n.nd the lack of man~ ' new corals 

developing from planulae settlement. Dead coralla of f;ome s.>ecies were 

encount(~r:' d on the se::l\vard slope that \Veec not observl.)d as living species. 

This again indicates that not all the original species were reg merating at this 

zone, nor had resettlement of many new colonie s taken place. Some of the 

dead cor aUa that could be identified in t.he ficld anel that wore not observed as 

living on the seaward slope t.cansect stations were: Ac:t.:.2l?OJ~ rayneri, 

A.'.rambleri,1:_. kenti, J':.... palifera: Coscinar aea Eolu111lla; .QJphastrea ser ':l.ilia ; 

Goniopo!:.~~ sp. ; !:!y'dnc?l~~ora microcon0s..; Pn~~~ris ~~ciosa; Psammocora 

~~, P. @.:.l togianensis; Plesiastr:e'l VCl" S i.r.!:.ll'a; pint; some tuberculate 

Montipora. species. Common living corals observed on the se:award slope 

were: Favia. palUda.; Galaxea fascieularis; Leptastren !)UrpUl~ ~~, 

Leptash'ea sp. 1; Montipora sp. 1; and Porites.lutea. 

Ob1:~ el'vati.ons of the submarine terrace and seaward SlOPE zones at 

Tanguisson Point and from other reefs of Gl1am indie::ttc that f ome coral 

species aro not usually preyed upon by A. l2l~ncj. Some of tll ·3se corals 

observed at Tangnis s on Point. were:: ~~· anth:1.~tTE2~ E'chLlat3;; riploash'ea 

heli<;pora: Galaxc:l fas C1 cllhri s, Goni OP(~Ef.~ !7olu 111 . .11 a , G. ~~xa ~onalis; H elinpora 

coert11e~; }Vlillepnra.. dichotoma, ),1. exeas :\, 1\1. plntyphyl1a: I:ocillopora cyclol1xi; 

Porites lute-a, anci \'ariol1s Porites species of the subgenus Sv la.raea . . _--.-- --"-----

Species composHiol") for thl'PO two zones at Tumon Day spems to be fairly 

homogeneOl1s with that founel at Tangllisson Point. The major difference 

between the h\"o sturly regions seems to be in the better de\'elopment of 



CHAPTER VIr 

D1SCUSSION AND CONCLOSIONS 

The follo,,\'ing data summarize the number of gencna and .;pecies, for the 

major dh-isions of corals, at Tumon Bay and Tant:,'l.lisson Poil t reefs. 

Tumon Bay Tangl i S80n Point 

Genera Speeies Gene 'a Species 

~ Hermatypic SeleracUnians 31 14:3 30 91 

Ahermatypic Scleractinians 2 2 0 0 

Non -Seler actinians 3 5 .' 5 , 

Total 36 150 3? 96 

The totals listed from Tumon Bay represent t.he mdnber )f genera ane 

spe,eies found in the reef community before Ac.:.anl~aster pl~! predation Id llecl 

most of the corals there. The totals listed from Tang-uisson Point represent the 

number of genera and species found living in iJle rod c.ommu!liiy after./2.. ~ancl 

predation of the reef corals had taken place there. Comparil' ons of physj( al 

reef charaeteristics (Chapter III) and coralc1istributiolls (ell: pter IV and "I) 

indicate that the reef margin, reef front: submarine t(-~rrace. and seawar(! slope 

reef zones at Tumon Bay and Tanguisson Point \vere similar, except for slightly 

less iopo!?:l'aphie reljef at the lati(-'r, in reef developm ent bef( ore starfish 

precbiion took place. The only zon(~ }j not comparable at the "vo locations are 

the suozoncs of the reef flat, \\'hich were not injtj~1l1y infest.('cl with starfish 

durin?: the population explosion stage. Based on the above a s snmptions, a 

10C"c1lipllS. 
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The data above shoWI-> that the iotal number of livir~g coral genera surviving 

theA· r1~1.~,~1 predation is nearly the s ame as that fou nel befor~ predation. The 

only genera llot i ,und at Tanguisson Poi nt, aftcr the s trtrfish predation, bu t 

that were l':lrli cr found at Tumon Ba.y before the starfi sh pre, ation were 

ElIphylli3, ~~~ '~cyathll s , and Polycyalhll~~. The high nu mber ,)f genera surviving 

A. planciprcdatIon, even though of low density, may b'~ esser tial in the recovery 

of devastated r eefs if diver s Hy of s eed populations is an impc'rtant prereql'isite. 

The number of species found on the T~U1guisson r(~ '9fs aft( r A. planci 

p r edatioJl is :3 G per cent Jes s th~,n that at Tu mon Bay. The Tlli mber is reduced 

to 27 pel' cent jf tbORC species thai ar c specific for the reef [at moat, which is 

well de'!e Jopcd on]y at: Tumon Bay, are discount.eel. 

'Comparisons of Coral Di s t.ribution by Re~f Zones 
~ 

The number of coral genera and species tha t were obser" ed or collec1('c1 

from the various reef zones at Tumon Day and Tangui s son P< int are as fol lows: 

Tumon Day Tanguisson Point 

Recf Zone Genera Species Geneta Species 

Inner reef flat 18 48 e 0 

Outer recf flat 16 37 r 2 ,-

Re0f margi.n 21-(14) 60 - (2 7) 1:-- 21 

Reef froni 32 99 2l; 70 

Submarine terrace 8 28 2'~ 47 

Seaward slope 18 28 2) , 32 

Specific differences betwcen Tanguis son Poinl and Tumo 1 Bay inner 3nd 

outer r eef f1:1t. subzones are not du e to A. pLll1~'lllr('dCltion. Differences in 

physical pnrameters, discu ss ed e[lrlicr , account for the nea,' absence of corals 

in these two suhzones at Tanguisson Point. 

Some _6.... I?la!.!£.~ predation occUlTed in thp reef mm'gin zone, but not to the 

l'X[ l'n l. i.h-)t COJ ' : t l d i <.; tT ihution \\' ~ I :., ~~l' t' ;l, 1 h' ('1 ', ,1 n~'. t' d Ll I Cl.'C. \\Th~n data from Natol1 

:1I1d Co,~ng;1 U:,l\) :wcts , 'i'lIlnon Bay, :11' 0 l'('l1lbinecl , :t cOllsirh' I'alJle difference in 
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the llllmlJ<::r.' of species occurs between Tu mon Bay and Tangni:;son Point. '''l"aton 

transect data is ~ttypical for t.he roef margin zone at Tumon ElY and is bia:3ed 

by the p~ ' t: s c'ncc . f rich coral growth bccause of facton whicb are discuss( d in 

C11apten:; 1V Dncl VI. 11' only the cbi.a fr om Gogng~l tra11'~ects, ~ndicating 27 

species r cp r ('s(:ntin~); H genera (ahove data within par enthesc,i), is compared 

with that from Tanguisson Point, a ~imilar coral distr ibution is found bet'" een 

the two regions. 

A. planci predation has caused exten s ive damage in the r~ef front zone. A 

29 per COli t reduction in the number of species and a 25 per e'!Ht reduction in 

the numher of gonera has occurred ill this zone. Coral dama, ~e to the reef front 

zone is not uniformly clis tTibutecl l1cr os s it. A cornpa rison of Figure 22 with 

Figure :30 shows that the inner (s horeward) sections of the re; ~f front zones at 

~anguisson Point have normal pre-starfish p ercentage of ree, surface covered 

by\living corals, while the outer (seaward) sections show a l'(duction. However, 

other dahl. from tIle same inner (shoreward) part of the reef f.'ont indicate that 

a change in coral species distribution has taken plaeo, ev~n t~ lough the 

percentage of living coral coverage has not changed, lip on cJ )se inspection of 

this zone, it was found that A. plnnci predation h~d sel8ctive! I killed many of 

the !,Hmose growth forms of corals, especially the acr ,)poroi(. species. This 

selective predation resulted in lowering the percentage of reef surface cov erage, 

but subsequent l'CSeU1CIllent and rcgt!neration of eHcI'uf.ting ccral growth krms 

has restored the normal percentage of coral cover found therl~. This sect on 

of the r-:~ef front is located in a 7.one of \\-ave agi.tati on \ /here t·tarfish have 

diffi culty in remaining; attached to cOl'alIa other than ramose lorms and, a ;i a 

r esult, selective predation occurs. FU turc assessment of cOI-al damage caused 

by.!l., ~~an(.'i on t h e wav e --ass<luHcc1 l' cgic)rts of the roof front Z0nes, and po.;sibly 

the reef margin as well, illllst, th crE'fore, be made with care. It is within this 

seetion of t he red front where ncar opt imum eoral red development takes 

pineo aml pI'ob:1bl,V optimum cor:11 geowth rates as w(>Il. Manv regions on 

(;,J a ll1 : Il\(; ()tl i (')' p:!l' l ::; of llw Ill do-·J ';lc iL(' pl)s ~·e ~ : . r<'\'[::' thaL li lve lIndcr gol1 :~ 
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A. plane i p I' edaUon in the past several years. Resettlement ;'nd regeneration 

of specifi(' fa::;t p,Towing corals may hy now have obscured cor.l! damage in 

certain ree f ZI)flL j . 

Quan titative tram:ect data for the submarine terrace and 3eaward slope 

zones m: TUmotl Bay 'W<:lS not recorded before A. planci predalion there, but 

visual obs ervations of these zone s were made. ThesE. observ.:ttions indicated 

near.ly the same species composition and reef development as was found at the 

outer par t of the reef front.' The number of major coral specles and genera 

observed in 1.ho:o o zones is shown above . Thes e totals are no' high because 

complete s pecies lists were not obta ined, and therefore, the : ow number of 

species r eport :> d does not m ean tha t reef development and sur face coverage 

was not or iginaJly 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 fOUIl Cl living on the 

submarine terrace and seawa:rd slope at Tangui.sson Point is .,omewhat higher 

than at Tumon Bay because of the detailed transect study usee there, but the 

total reef surface occupied by them averag;es less than 1 per ·~ent of surface 

coverage. It was in these two zones that A. pJ3!2Si predation \Vas the most 

iJ1tense. It was astounding to see such large areas of previou3ly living coral 

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

Coral Gr owth Form Distribution 

Arborescent growth forms of corals are abundant ()n the inner reef flat . 
subzone at Tumon Bay, where tile quiet waters of the moat support large 

thicket s of n:-:;taghorn n Acrol2QJ:~ f' p e ci C' s. This growth form i:; not present at 

Tanguisson Point on the reef flat. zone because the reef surface is exposed at 

low tiele. Stoutly branched arborcscC'ni. species snch as !,\croJ~ abrotanoides 

and A. :>ntilhi a~:e found on the red margin and reef front zones. 

So]ilanJ corals, represented bv Fungia ft1n~ii.es, were fl)und in large • • _ _ __ 'oa.: __ __ .~. _ __ _ 



transect, and by CvcJoseri.§.. ::;pccies in deeper parts of the trpnsects at bot1) 

study l(Jcation~. Nearly all of the Fungia_populati.ons were In ter killed by the 

June and .July, l"G8, peakJ\c:lntha8 t~!: infestation peri()d. 
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Folhceolls growth form,s of Pavona ~;pecjes were found v ,dely scatternd 

over tlw reef fht :WTlCS at the Tuman Bay transects. Foliace)Us growth forms 

are not usually found on the reef margin and reef fron1 zones, except in 

sheltered pools, holes , and cavernous regions of the reef ma l'gin. These 

growth forms become more abundant in the deeper waV~r faun 1 on the seaward 

slope. ]n this deeper zone pOEL1:.es is,} hO~'jzonlnl:JL'1 forms ti ers of plates, 

which may develop into large contiguous masses. A dead col(!ny of this species, 

measuring G m across, \va s observed on transect i\ at Tangui ,son Point. At 

Tuman Bay Porites (S ,) convcxa and Porites (S.) iway C1,m;:tcn~~ typically form 

large columnar corulla, which at the base develop large, reniform, foliaceous 

plates which accoant for nearly half of the Hoving reef surface area at some . -
locations. Dead cora11a with this sarne developmen(\v8re obs erved at 

Tanguisson Point. 

Encrusting, cespiiose, and massive growth forms are be 3t developed J11 the 

reef front and submarine terrace zones. These forms also tfnd ~o be adartable 

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

Large colonies of l\Tillepora pJatyphyUa and IJeliopora ~o('rulea commonly 

develop a flabellate growth form. Mil1epOl'8 p l atyph~' lLl is rtl(ISt common i 1 the 

reef margin and reef front zones, where encrustation by basa ~ parts of the 

nabellate colonies n18.Y cover extensive areas. Fe li"opora. ma ! be found in any 

zone, but is more common wlwre the submarine terrace merLes into the S'3a-

ward slope. 

T1l(' phaceloid growth form develops in ~.~lVlli:1.. glabrescens on the r('ef 

flat at Tuman Day and t y J-,ohophyllia species on the reef fran 0 and submar ine 

terrace zones. 

The cespitose growth form is common in all zones, even in the wave 

colonie:', of t.hls p;t'owfh form arc tn he found. 



The eOl' ymbosC' growth fann is most common in the reef margin and re ·~f 

front zon es , \'.here it is ropresented almost oxclusiv(-Iy by Ao! opora species. 
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Comparison ~ t' Table 3 ::mcl 4 with Table 8, 9, and 10 show~ an increase in 

the numbe r of E'ncyusting forms and a reduction in t.he number .)f corymbosc 

and cospitose ft' n ns where!:... planci pl'edation ()ccurr('(1. In f:LCt, a major 

shift in coral grovth forms of this nature has occurred :It Tanf.uisson Point 

on all reef 7.ones that were infoc:; ted with _A. plall<:!. 

Coralla :; i zc Disi l" ibn tion 

There has been a shift in coralla sizo in all reef zones, \V lore corals were 

killed by A.cant.hu:;·;i:cr, except where predation was less intens ive at the reef 

margin and inner part of the reef front. At Tanguisson Point I early 90 per cent 

of the coralla found in ZOiles of previous starfish predation WOl 'C less than 10 cm 
~ 

in diameter, whereas at Tumon Bay less than 50 per cent were in this size 

range for the same zones. RedLlction in cor aJla size in region; of starfish 

predation is due to the small size of newly established coralla and the smali size 

of regenerating sections of older, larger cora.lla that survived the initial 

A. planci predaLion. 

The Acropora (staghorn) thickets on the reef flat at Tumon Bay accoun , for 

the large coralla encountered there. In this study, a circular . contiguous )latch 

of Acropora is considered as a singJe corallum, sin('t~ it prolx bly originate 1 

from a singlc progenitor. 

At Tumon Bay many large colonies (1 to 4 111) found in the reef front, 

snbm:Jl'ine terracc, and seaward slope zones are repi'esentcd by massive growth 

forms that takc m ::U1y years to develop, possibly as many as 1\)0 years (personal 

communication with T. P. Goreull). The number and size diR ~ ribution of thcsc 

larger cor~tlla is a good inc1<.'x b~! which to estimate the relative age of a coral 

community. If a reef communit..v conta ins a high number of la1'ge coraUa 

(1 to ·1 m diameter) with mass ive gTO\vth forms of r;c.'nera such a~ Porites, 
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re In. ti ve 1y long, llnin lerruptcd growth . If a. reef community .i§ ~IiPosed of 

small, uniform eoloniel:; of the massive growth form of the a1:?p~~6J.ner~, its 

relative a~; E' is IJJ ')bably much less. Using these criteria to eSb\''lWf J.Wii~e 
age, the coral r eef communities 3t Tumon Bity and Tanguisso'l Point were , 

prior to .\. J2.!3.nci predation , about th e s ame age. 

Resettlpment and Regeneration 

At Tanguisson POint, sta rfish predation was intensive on' the submarine 

terrace and t; C,li\ a r c! slope, and the resulting predation has le.'t less than 

1 per cent of the reef surface co\-ereu with living coral growt}. Resettlement 

and regeneration h as not taken place in these two zones to the extent that it has 

in the wave agitated parts of the reef fr ont, possibly because of the following 

factors: (1) more in1ens:,'e predation in t.hese zones has left fewer seed 
~ 

populations of corals to initiate coral r esettlement and regeneration, (2) less 

optimum corn] growth parameters occur at these two zones, (3) low level 

A. planci predation is in equilibrium with coral regeneration ;lrtd development 

in these zones, or (4) the standing crop of various seasonal S1 ecies of algae is 

greater on seaward reef zones where eorals have been killed by A. planci 

that it is on seaward reef zones where luxuriant cor al development is found 

(personal commnnication with n. T. T suda), which lUay preVf·nt planulae 

settlement or retard and kill newly developing pakhes of coral. 

Acnnth~ster predation at a low level is still oc cnrring at Tumon Bay a11d 

Tanguisson Poi nt fringing reefs. A. ~nci are observed on nearly every field 

trip to these ]oc ~ltions in numbers slightly above the normal pDpulation density 

level established by Chesher (1 !)G9b). This low level persistE-'nce of starfish 

predation may be' just keeping pace \vith the re-es t:lblishment by coral planulae 

and regeneration of small cOl' a ]]ul1l sect.ions that ha\'e surviv8d earlier 

predation. If lo'v levels of s t~11'fish infc':3tation ' continue', re-es tablishment of the 

luxuriant coral reefs that we're onee found along the northwest coast of Guam 



A eon1inu a tion of reef resettlement and rcgenernii011 stud; es at 

Tangllis sPIl Poillt durjll~ the next few years 'will, hopefully, pI ovide data 

that will 1)8 uscfIJ in the assessment of some of the above, or other, factOl s 

controllj :l ~~ r eef rocovery af these h\'o zones. 
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