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During 1978 ancl 1979. the Division of Aquatic: and llildlife Resources (DA'Wll)
used a steel barge artificial reef to increase the available fish habitat
Dear the 18-a depth cODtour on the upper reef slope. During that project.
tish COWlts made aver a period of 20 months 011 the barge and along line

During the put tau years· increased eaphasis has been gi-nn to studying the
patterns of seasonal and annual variatiOD. of marine reef-fish assemblages.
Such research .. y cODtribute to our understmdiDg of basic: principles'
underlying the func:tioDinI of coral-reef ecosystams. as well as provide
potential practical insight into certain processes of fishery dynamics such
as' reproduction and recruitment. .

Coral-reef fisbn vera 1IIOId.tondlItmChl.y at fOQJ: upper r •• f-sl.opa claptha (S.
9. 18 aDd 3~. Ill) at two locat:1ona on Guam ~ Septnlber 1979 aDd BCM!IIIIbu- . ,
1980. OVerall f.i.lh cIen«lty ~ markedly at aU. clapd2$ du.d.Dc the
SPriDa aDd S"nnmerD:nIdzs. cOftilSpc.'adiDa to the 0Dh1: of the rainy seaaoR a4
the diminisbing of the tradelri.Data. Maxi"'"'l alnmdanc:aa vera recorded betVHIl
Hay and July. A leu- pronounced mcrea.. ill fish abUDdanca occurred in the .
fall. Moat of the observed ••• 80".1 var1at1cm. ill ab1mdanca resul.tad fram
juvenile recruitmmli: aDd the maveIIIe4taof subadnlts aDd adults of a'
ralative-1y mall group of abqndmt species at uch depth •. p1anktivoras.
p1aci.voru and btmt!d.c-iuvartabrua feeden, primarily 1D. deeper water. ware
largely responsible for the sprh;1 summarpeak, vhil.a the. fall 1Demasa was
significaJltly iDflueaced by herbivores at shallawer depths. :Fluctuations of
fish abundaDce may be re1ated to variatiDDs ill the availability of food
rasourc:aa. Climatological mAi oceanographic·' pbenomaa 1II&y have favorably
influenced food resource availahili.t:y as vel! as reproducti.ve mcc&u duriD&..
certaiD manths. Estimates of dte- and depth-nlated ammal variation in
abuDd_c. and species eompoai.d.oIl' of 35 ubiqu:Ltoua fish spec:i8. i12c1:1catad
re1ative constancy aver eztuai.ve araaa af reef. Fish specie .. ric:lm.ss was
found to be sraatut at 18 11. Au expla:aatioll for this tnnd in speci...
riehu. .... baaed on the "iDtarmadiate disturbauce hypotbaaia" is offered.
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During the sprlug of 1979, duplicate So-m. transects were placed alol1g
approximat.edepth C01ltoursof S. 9. 18 and 30 III at each study site. A
transect cOl1sisted of six unconnectedrebar stakas embeddedinto reef rock
at 10-m1I1tervals. All stakes were flagged with a piece of yellow plastic
marking tape to makethemeasier to locate aD.subsequent field days.

Transect Stations

Study Sites

Pisbe. were IIICDitoredCD the upper reef sl.op. at Asan Pt. and Ipao Pt. Oil
the lenard (weatern) sida of Guam ('isare 1). laudall and Bollaaa (1974) .'
stated that: this zone in the A8an aru. is very similar to that fouud aur
Ipao Pt. At both situ the coral comamicy shaved evideDceof' past
disturbance fromAc:aathaster predatiOD.,

F.isbiDgeffort observed in the viciDiey of the transects during the 8tudy
vas miDi""'l._ In addition. 1II011thlyDMlR interviews of offsbore anglers and
clivers re.turning to the AganaBoat Basin after fishing near deher study
site were relatively few 'both before and durillg the study perlod. thus. the
fishiDa pressuras that occurred' at both sites during the study are estimated
1:0 be relatively light and comparablein degree.

PROCEDURES

"J:be objective of this study is' to doc:umat the pat.tams of .... cmal and.
annal variability vi.thiD the c:onspicuouaupper naf-slop. fuh cnmmrmi.tyas
they are manifested along • clepth-relat.ed. aun.rOlllll8Dtal gradieDt ovar a
15-monthtime periocL . -

OBJECtIVE

r

Since it would b. qut. useful. for fisheries managea and other ac:alog:Lsta <: .
to kDov hov seasonal aDd amm81fluC1:Uati.oDs in fish. ablllldanca ,Ua
1DalDifested. at d1ff~ cleptba em. the upper reef slop•• the·pr.as.e'· '.
inv•• tiptioa was UDdertakeD. Workacc:ompH__ :I.D. thU study baa bHll
raporud. ammaUy aillce n 79. SiDce that tima the projK.t baa umlaq:ou
minor rnt..uou iD.. its-.cape aJ.Uouah. ita _jar objecti.ve has raraizaed the
same.. This account is tlla fiDal.. p~ report for Job 5 and. therefore •.
supersedes all prev;tous iDtarila reports. It also repRMllu an. edited
verd.au. of aD M.S.. th.esia auhll:1tt:acl to the Marta. Laboratozy. VDivurlty of
Guam. -

transects permanently placed over surrounding areas of natural reef were
used to monitor changes in the fish commmity. A result of the study was
the documentation of a markedseasonal fluctuation in total fish abundance
over the natural reef areas (Koc:k1982). Seasonal increases amongcertain
species were attributed partly to the immigration of adults and older
juveniles, and partly to juvenile recruitment. Althoughno spaWDiDgpeake
were observed, maxjmum settlement of juveniles occurred betweenMarch and
.June. and the highest overall fish abUDdancevas recorded in May. Lowest
overall &bUDdencaoccurred duriDI the winter months and reached similar
levels in both years. Anm'8' varial:d.l.ity in.species composition of the. fish. ~_
c:o"dli..aity was not axamined.



Figure 1: ~rap of Guamshowingthe lo1:ations of the Asan Pt•.
aad Ipao Pt. studysites. 1. - !san Pt:.; z.
Ipao Pt.
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, ..,Iepras8Qtative aaaaona1 peak abUDdaDcesfor each of the DI08t ubiquitous
specie. were identified by their maximum. maan 1IIC1IthlyCOUllts. Uepckaof
greatest representat1cm. vere chos8l1for each of these species basad 01l the
h:1gbest meaD. n1.lJllDarper depth wen the counts for aU 1I01lthsvere cambiDacl.
In addition, each of the 3S DIOatubiqu:1tous specie. va. assigned to a
Beuard trophic category baaed on Hiatt and. Strasburg (1960). .Jonu (1968).
BaudaJI and Klausawitz (1973). Bob.on (1974), Allen (1975). and Ogdenancl
Lobel. (1978). Thus~ treels in peak abuudaDce.across depths and over' 1IlOD.tha
could be related to gsuer,al food habits.

Observed changes in overa'll fish abundancevere c:ompareclwith seasonal
patterns of average monthly rainfall (Fig. 2) based 011 24 years of Guam
precipitation data from the National Oceanic aDd AtmosphericAdmiDiser&tioD
(NOAA)(1979, 1980). and with .... onal shifts in average monthly wiD4
patterns (Fig. 3) based on 21 years of unpublished data provided by the
U. S. Naval OceanographyCommandDetaclmumt(NOCD).. U. S. Naval.AU Station,
Guam. To examine further the influences carnivores and herbi.vores may have
had on the overall counts during different periods of the year~ thes.
trophic groups were expanded to consist of 28 species each. These species
included the carnivores and herbivores within the most ubiquitous group, as

. The Wet-Tap. 'recordiDg system failed t~y ill. J'amaa.q 1980. ~ ' ..
in the clel.ee:1oD of that 1IIOIlth from the analysis •. The SJst .... failed· .
peman_tly after. August. 1980 so the rem•1ui• cOllllt. were compUed lIT hand.
Because'. of the relatively shart no-dec:omprasaiolltime lim:f.t (25 Dd.Jmtes)for .
d:l.ves to 30 maters. and shce it took l.oi1gerto write dOWllobs.rvau.aas ..a:ha..
it: did to speak th_. there vas sufficient safe bo'ttOll·time to racar4 clata
011 only one pass .10111 thea. transects cfu.riDa the last three 1II01lths of the .
s&:udy. These C:01D1taware, therefore, adjusted to reflect thll number of. . .
iDdividuals per 400 m:~'before beiDg·mal.yzad. Tomaka the overall. aualysia
mare 1IZ8J1ageabla•• CODServativelyselected subset of ubiquitous fish spaciea
vas famed. Species composiDathis group ware salec:ted if ~ ware .COUDted. .; '.
011 at lea.t seven of the eight transect statious. 'the 35 speciae thae:
qualified were used to eompara sea.~ cUllllltologica1 patterns with .
obsenecl seasonal fluc:tuatiaus in fish abundance. ...

.... I", _ ..~ .....

Data for the study were recorded OD a submersible microcassette tapa de~
Both the plexiglass housiug for the tape deck and the special scuba
regulator mouthpiece containing the remote microphonewere manufactured

. under the name''Wet-Tape"by Sound-Y'aveSystem.s~Inc.

Formal monthly fish counts were begun in September 1979. Data .collection
was limited to the time betweeu 1000 aDd 1400 hrs. Counts of 1ndi.vidl1al s
were made for all fish apec.ies observed as 1IIIIch as tvo meters above the
'~8trate within a. tvo-.eter wid. path batwaea .takes. Diva. were limited
to a maxi.. of tvo clapths per day.. noDLallypaired as 30 a11Ci 5' m. aDIl 18
and. 9 IlL. On a eingla fieJ.cl clay. both 50__ transects a~ each of the two
depths vera casu.ad twi" (dawD aDd. back) yie1diq JD01lthlycoum:s of f:l.sh
aver 400 lila of ruf at eac:l:ldepth... Pour to siz. field d.&yS"per 1DOIIthwere .
required. to caaaua the t%'aDMu... Data c:ollecticm was tum:lDa:ad: wi'th. the
NoveUer 19.80caFU_.

Data AaalYsea,



Moo. thly wiudspeed OD the island of GuaL
: - actual x maxi1llUlD sustained high-bour
wind velocity; .. - actual x wind veloc:ity
• - expected x wind velocity.
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and c equalS the numberof species recorded. during that

b equals the numberof species recorded du~ that month
in 1980. hut not during chat mouthin 1979,

where a equals the numberof spec:ie. recorded during a particular month
in both 1979 and 198011

Log B.'. vera compuad iDdividp·l1¥ for the lIDat ubiquitous spec:1._ azul
averaged to provide an estimata of the &varas. nat cbange ill apeciu .
abundance (i) for the sroup as a whole.- the magnitude of th:ta chanae vp
•• timatacl by the variaDca of the 10&B.'. and is ezpreaHClas aJmual .
variabili.ty- (AV) (Wolda 1978) iJl111Dllbersof fish par spec:lu betweea
ccmsec:uti.veyeara. If nearly .. many apec:iaa :1ncreaHd. as c!ecreaMcl. in .
abUDdauca betwHll yearall i voa.lclbav•• valDa naar zero; aud .. U tb ~
magnitu.cla. of thaae.inc:reaaes or deereaa .. vas smell. AV voul.d also be
relatively low. .

Valu... of AV v.re calculated. for each. a1:IIdy sita baaecl em the lIG.t
ubiquitous apecies c:ouuta vhich were lumped.ac.=S8 depths.. AV'. wen
computedseparataly for the site-speeific Saptember."October and lovembar
data aud ware averaaed 1:0 &ive a maaD value per' site (1600 ~ of reef).
Ammal variability (AV)at each depth wu ca1culal:ed usiD&the .... 35
apecie. by lumpiugdle data from hoth sites aDd c:omputiDgseparate valua.
for September."October au.clNovember. 'tha resultinl values of AVwara
av_raged acro.s JII01lths to obtaiD 1DUIl valuas per depth (800 .z of reef).

ADDU-1 vanatiou in speci.. compositiOllrithin I:bemoat ubiquitous specie"
group was estimatecl for each transect depth and scudy 8ite by two c:ommouly
used similarity iDdic:as: These include the following:

..1) J _ a
a+b+c

"

B . ,
. "i'!"Olequala. tba mnnber of iDdivJdg.J. of the sameapedu
couated iD. tha NIIIe IIGIIth ill 1979. .'

.ad. 8.. the ue raproducd.va, rat. ~ ad Bi=h '1954). or'
the ,radat1.cnl 'coaUidar (Deuel_ 1970). equala a ratio·
....pa.ai.D&. the eben.... ill ahuzldanca froa_ au year to tile u=•.

-;. .
where) R .. ' i equals tha Dumbar of 1ntividuala of a ape.cia. COUIItad durinS

.a particular mouth. m 1980. •,

Estimates of the annual variability in fish species abundancebetwHD
cOllSec:utiveyears were calculated for the mst ubiquitous species group
according to the methodof Yolda (1978). the foi:mul.ais as follows:

ubiquitous group, as well as additional species which occurred frequently
and were of notable abuudanc:e.



Although the relationships were lass clear at S 1Il. fluctuations in overall
fish abundance (FiS. 4) seemedto be positively correlated with rainfall
(Fig. 2) and negatively correlated with wiudspeed (lig_ 3). The expanded
carnivore and herbivore data were tested to .e. if rainfall might b. a
factor influenC:inl the timing of the observed peak abundanc:es. Vb.Uethe

S... cma1 variatio11

All fish apeci .....COUZLtecl during the stUdy ua liated by '~ica.a.cl ~ :IA
Tabl.. 1 and 2. ADiDcrea.. :IA overall fish abundanceoCCURedat all. , ."
depths dur.l.DgtU 8priDg and. SUDIIII8r 1IIOI1t:bs. with -xf- 1IGIlthl.y C:cnme&,
nc:cmte4 inMay,Juua and. July (Fig. 4)... Although there ware. aGIle
variations in thea. seuoaal. trends at each depth at the two 8U%T8J' ......
in gmuu:al the pattama at AsaD. ancl Ipao were aimi 1ar (1'18. 5). Haat of: the. _
observed seascmal iDcrea•• in f:l.sh abundanceis primarily attrihutabla to &
relatively. small group of species which ca well repreHDted at each atatiaD.
(Table 3). In every case, howaver, other important.but lUll alnmclat, •
IIpecias-also contrllauted to the overall fluct:uati&ma. Sp~c:ia. that ware
amoDgthe moat iDfluantial at each depth during the _tire invutiptiou are.
shown Figll. 6a-n. '

An .xmD-tion of the 35 moatubiquitous spac:ies (Tabla 4) revea1e4 &
bimoclal,pattem of seasonal peak abundance (Fig.. 7).. Moreof the••
ubiquitous species peaked in May aud NovemDU' than ill amy of the other
months. Also, the majority of the Mayptaka (57%)occurre4 at 18 and 30 1ll.
while 71%of the Novemberpeaks ware racorded at. S and 9.. BiD_teeD of the
ubiquitous species vere assigned to a general cam:1voregroup whiChincluded
planktivores, pisc:ivores and benthic invertebrate-faHers; 1liua were l:l.atad
as herbivores; and saven were categorized as oadvorea (table S).. WithiD
the carn.ivore group. 13 species were obs.nad to paak in abundanceat either
18 or 30 1Il (Table 6). Not surprisingly. most of the herhivor.. peakaclat S
and. 9 1Il. while the recorded peak abundance. amongthe oamivqreswere almost
equally distributed. Themonthly fluctuat1cms in numbersof peskiDI speciaa
per trophic: category strongly suggests a temporal partition 1n peak

_abundancebetween carnivore and herbivore groups (Fil. 8).. WheD the
carnivore and herivore groups were expandedto ~clude 28 speel.. apiece.
th. resulting overall pattern in temporal.partitioniD& remained just as
Btrong (Fia- 9). .

llESUL'tS·
.'

Tl equals the ~-:r of species recorclad. during that manth in 1979.

aDd T2-e~ the DmIIhK of apaci... reamlad ciuring the that IIOIldl in
1980 {Smith1973). ~ " ',- . __

2) R _ £ + £ % 0.5
Tl T2

where C equals the numberof species recorded during a particular month ia
both 1979 and 1980,

month in 1979, but not during that month in 1980 (Sakal and Sneath
1963); and



Table 1• Fish species seen on As~~ Pt. transects frcm September 1979
through Novembar 198C. '* = seen only en Asen Pt. transects.

DEPTH (m)
FAHILY/SPECIES 5 9 18 30

ACANTHURIDAE (Surgeonfishes) ,,_

. .
" Acanthurtls glaucoparieus Cuvier X X X X "A. lineatus (Linnaeus) X
A. mata CUvier X X X:

. .: A. nlirofuscus (Forsskal) • 1 X X X ' ,

,Jr. ollvaceus Bloch & Schneider X _J Xx. pyrefernS Kittlitt ' . X X
.. Jr~triostegus (Linnaeus) X X

~'ftenochaetus striatus (Quay & Gairnard) 1 x. X
Naso brevirostris (Valenciennes) X 1

. lr.'liexacanthus (Bleeker) 1
If. 1ituratus' (Bloch.& Sdmeider) .1 X X X
*l5'aracanthUrusheDatus (Lfnnaeus) X X' ..
Zibrasoma flavescens (Sennett) : X X Xz. vetiferum (sloCh) X-

APQGONIDAE (Cardinalfishes)

*A~~on novemfasciatus Cuvier ·X •
C\e,'odlpterus QUlnQuelineatus (Cuvier) X

AUlOSTO~IDAE (Trumpetfishes)

Aulostomus chinensis (Linna~~s) X X

BALISTIDAE (Triggerfishes)

Balistaeus undulatus (Park) X X X
Balistoldes consciclllum (81cch & Schneider) X X' X

*8. viridescens (Bloch & Schneider) X X
Relichth¥s vidua (Solander) X X X X

*Odonus "lier (Ruppell) X
Pseudoba lstes flavomar ir.atus (auppell) X

*Rhinecanthus ec arce acepede X
Sufflamen bursa (S1oCh & Scr.r.eicer) X X X X
}. chrysopterus.(Bloch & Schr.eider) X X X

BLENflIIOAE (Blenrries)

Aspidontis taeniatus (Quay & Gai~rd) X
Ecsenius bicolor (bay) X X X
Meiacanthus a~rodorsalis (Gunther) X X X
Plagiotremus tapelnosoma (Bleeker) X X X



CARACANTHIDAE (Velvetfishes)

*Caracanthus macu1atus (Gray) X
, ' "

CARANGIDAE (Jacks,·Pompanos) -
.' .".' *Caranx melampxgus Cuvier " x- " .'

..• - .
" J. "-, .=.

. CHAETODONTIDAE (Butterf1yfishes)

of .Chaetodon auri iCuFarsskal Xc. citrinellu$ vier X '. X .' - X
,._ ~_ ephivpium' Cllvier- ~ .- ' ~. ..x.
, , :',.~. lunu a (Lac:epede) X X

, ~ ..mertensii CUyier • X - , X
't_ ornatlsSlmt1S Cuyier , X .
~.. punctatoTasci atus Cuvier X X . - X r
'l". reticulatus Cuyier X • X I
t:. tTifasciatus Park X ,·r
t:. ulietens1s Cuvier X X·
~. unimaculatus Bloch X ..
lrorcipi~er flavissimus Jordan & McGregor X X X"
- F. lOnglrostMs (Broussonet) X
'R'emitaurichthys polyleois (Bleeker) X
Heniochus Chrxsostomus Cuv;er' X X

·*H. singularis smith & Radcliffe 'x
lfegaprotodon trifasc;alis (Quay & Gaimard) , X •

~RRHITIDAE (Hawkfishes)

Cirrhitichthls'falco Randall X X X
Neocirrhites a~atus Castelnau X
Paracirrhites arcatus (CuYier) X X X
P. forster; (Bloch & Schneiderj X X X-

GOBIIDAE (Gobies)

Nemateleotris magnifica Fowler X X X
P090noculius z&bra Fowler X X
Ptereleotris evides (Jordan & Hubbs) X X
Valenciennea strisatus (Brousonnet) X X X X

HOLOCENTRIOAE (Scuirrelfishes)

Adioryx caudimaculatus (Ruppell) X
Flammeo sammara {Forsskal} X

DEPTH em)
9 18 305FANILY/SPECIES



x
X

x*Monotaxis 'grandoculis {Forsskalj

LUTJANIDAE (Srappers)

*Lutjanus bohar (Forsskal
*L. rivulatus (Cuvier & Vaienciennes)

lABRID~E (Wrasses)

Anampses caeruleoTunctatus Ruppell
A. melea rides Va enciennes
A. twlstl eeker)

.' "B"od1anusaxillaris (Bennett)
. Chei11nus Chlorourus (Bloch).c. fasciatus (BloChl •

'C'. unlfasciatus Gunther
'C'. trilobatas taeepede

" 'C'. undulatUs RUpJ)4l11 .
~i rrhi 1ab",s SPa .

. t coris gaimard (Quay & Gaimard)
EpibUlus 1nsidiator (Pallas)
GOnhOsus varius Lacepecie
Ha choeres biccellatus Schultz
H. hortulanus (Lacepeae)
~. margarltaceus (Valenciennes)
K. marginatus Ruppell
if. SPa -
tfemi9ymnUS melarterus (Bloch)
Holo~mnosus do iatus (Lacepe~e)
Labroldes bieotor Fowler & Bean
L. dimidiatus (Valencien~es)
tabropsls mlcronesfca Rancal1
L. xanthonotus Randall
~acrophaChnRodon meleagris (Valenciennes}
*Novaculic t ys taeniourus (Laeepede)
Pseudocheilinus evanidus Jordan & Evermann
P. hexataenia {Bleeker}
~tethojulis bandanensis (Sleeker)
fhalassoma arn51vce halum (8ieeker)
.t. lutescens Lay ennett)
T. QUlnguevlttatum (lay & Sennett)
*rabrid SPa 1
*Labrid Spa 2

LETHRIMIDAE (Emperors).

DEPTH em)
9 18 305FANILY/S?ECrES
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X

x
X

X
X

x
X
X. X
X X
X X

x
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X X
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~X
X X

X
X ··.X
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X
X

X
X
X

x
X .
X X
X
X X

x

x

Arnphiprion clarki; (Benr.ett)
Chromis acar!s Randall & Sw~rdloff.c. ambcinensls (Bleeker)c. margarlt1ier Fowler
Chrysiptera leucopamus (Lesson)

*lycodontis richardson; (Bleeker)

OSTRAClorlTIDAE (Boxfishes, Ccoflfises)

Ostracion meleagris Shaw

POMACA~ITHIDAE (Angelfishes)

ApolemichthsS tri~aculatlls(Cuvier)
*tentro~ge ;c010r Slochc. flavlssimus (Cuvler)c. heralai Woods & Schultz
~. sheeardi Randall & Yasuda
1fY90plltes diacanthus (Boddaert)

POMACENTRIDAE (Camselffshes)

,
Mullofdichthxs flavolineatus (lacepede)
paruceneus 61fasciatus (Lacepede), ,
P. C ryserr TOS acepede)
~. pleurostiama Bennett)

, Jr. trifasciatus (lacepede)

MURAENIDAE (~'ori!Y Eels)

..
MONACANTHIDAE (Filefishes)

"*Cantherhines dumerili (Hellard)c. pardalis (Ruppel') t •

']fara1uteres ~onurus Bleeker·.:1..melanocephaus (Bleeker)

\MUGILOIDlDAE(Sand Perches),

Parapercis elathrata Ogilby .

MUllIOAE(Goatfi shes)

MALACANTHIDAE (False Whitings)

*Malacanthus brevirostris Guichenot

DEPllf em)
9 IS 305F:'.MILY/SPEC IES



DEPTH (m)
FAfoIILYISPECIES 5 9 . 18 30

C. tracey; (Woods'& Schultz) . X
~aseyl'us reticulatus (Richardson) X X X
D. trimaculatus (Ruppe11) X X ' , .... __ <00

· ~ectroglyphiaodon dicki; (Lienard) X X
· *P. impari ennis.{Val1iant & Sauvage) X - .

Jr. 0 nstonlanus Fowler & Ball X X X, 1'". acrytr.atus uay & Gaimarc1) X X, X
Jromacentrus vaiuli Jordon & Seale X X X· X

. pomachromis guamensfs Allen & Larson X' .' X ' ..X X
"Stegastes fasciolatus (Ogilby) X X .. , ,

SCARlOAE (Parrotfi shes)

,*Bolbometopen muricatus (Valenc:iennes) X ..
'.eetoscarus Sieolor (Ruppell) X .- X. '.

. Scarus brevif,lis (Gunther) X X
. .

· s. ghobban Forsska 1
.,

I
~. gibbuS Ruppell x· .1

~. oviceps Valenciennes .I X -
~. psittacus Forsskal -X X X I .
~. rubroviolaceus (Bleeker) 'X X I .-

~. schleaeli (Sleeker) -I X X • X '. ,
I. sorai us Forsskal' r- X X X .

SCORPAEtiIDAE (Scarpionfishes)

*Synanceia verrucasa Bloch & Schneider X

SERRANIDAE (Groupers)

:*'Cephalopholis,rgfis (Bloch & Schr:eider) X
C. urodelus (5 oc & Schneider) X X X X
!¥inephelus fasciatu5 (Forsskal) X X X
*p ectroDomus melanoleucus (Lacepede) X
Variola lout; (Forsskal) X

SIGANIOAE (Rabbit~;shes)

Siganus argenteu5 (Quoy & Gaimard) X X

SYNOOONTIDAE (Lizardfishes)

Synodus varieaatus (Lacepeae) X X X



~'.. . ,&

., .. ..... - .

DEPTH em)
FANILY/SPECIES 5 9 18 30

IDRAOOONTIOAE (Smooth Puffers)

X
X X -.

X
X

X X X· X.. X
, , ZANCllDAE·{Maorish Idols) + .. .

Zanclus'carnutus (Linnaeus) X' X X . X'..

.Total No. Famflies Z9 17 . 21 '21 ',23
Total No.' Species '155 78 92 .'96 80

,
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X

X
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Aspidontis taeniatus (Qucy i G:i=ard)
Ecsenius bicolor (Day)

wEXallias brevis (Kner)
Reiacanthus atrcdorsalis ~~~~:~!~~

BALISTIOAE (Triggerfishes)

Balistaeus undulatus (Park)
Balistoldes conspicil1um (Sicch ! Sch"ei~er)
MelichthTs vidua (Solar.de~)
Pseudoba istes flayomar~ir.at~s (?~~~el1)

*Rhinecanthus aculeatus tLinna!us} ,.
Sufflamen bursa (Bloch & Sc~~eid~r)1- chtysopterus (Bloch & S~~~aid~r)

8LEN~II1DAE(Blennies)

Aulostomus chinensis (linna~4s)

APOGONIDAE (Card1nalfishes)

*A~O$on sp.
C e"0d19terus QUinfeelinH'tus (Ci&'/ier)

*£,. macro on (Lacepe e)

. AULOSTOMIDAE(Trumpetfi shes)

.'

•
. : Acanthurus glaueoparieus Cuvier

A. lineatus (L1nnaeus)
. A. mata CUYler
e , 'X'•. 'iil"Srofuscus (Farsskal)
A.. ohvaceus BlOch & Schneiderx. ~~roferu$ Kittlitt

, X. t ostegys (linnaeus)
'"ftenoChaetus bi "otatus Rar.eal i~ c. striatuS (Quay , Gaimard)
Nasa annulatus (Quay& Galant)
T."brevi rosins (Valencienr.es)
11. hexacanthus (Bleeker) ,
~. lituratus (Bloch&Schnei~)
*H. unlcorn1S (Farsskal)
*1. vlaming;1 (Valenciennes)
~ebrasoma flayescens (Bennett), z. veliferum (BloCh)-

.ACANTHURIOAE (Surgeonfishes)

DEPTH (m)
9 18 305FAMILY/SPECIES

. Table 2. Fish species seer. cr. ~;~Ort. trar.s!cts from Sept~ber I9iS
through November i;E~ ... a S::!r. cmly on Ipao Pt. transects.



DEPTH (m)
F~j·IILY/SPECIES 5 9 18 30

'lagiotremus tapeinosoma (Bleeker) X X
slenniia sp. X ~- -- -~

,_

~IONIDAE (Fusiliers) ...

'terocaesicichtysozonus (Cuvler) .. Xl X,
~ETODONTlDAE (Butterflyfishes)

.
Chaetodon auriga Forsskal I - X 'X Xc. bennett; Cuvier I·
,. citrinel1us Cuvier 'X X X Ir, ephi¥pium Cuvier' 1 I.- '·1 X.
f. lunu a (Lacepede) .x I ..
r- klein; Bloch .1

lineolatus Cuvier X . X
~. lunula Laceped~ X X X. "a

r. mertensii CUYler X Ir..ornatlsslmus Cuvier X ·X X
~. punctatofasciatus CUYler X X I
~. quadrimaculatus Gray X x·
~. reticulatus Cuvier 1 X 1 • X
~. tri'asciatus Park X 1 1 X
~. ulietensis CUYler X I X
~. unimaculatus Bloch

.
X X .X

t~. vagabundus Linnaeus X
~orcipiger flavissimus Jordan & McGregor X X X . 1
F. longirostris (Broussonet) X
lremitaurichthys polylepis (Bleeker) 1
Heniochus chrysostomus Cuvier I X ·1
~egaprotodon trifascialis (Quay & Gaimard) X X X X

IRRHITIDAE (Hawkfishes)

Cirrhitichthys falco Randali X' X
Neocirrhites a~atus Castelnau X X X
Paracirrhites arcatus (Cuvier) X X X!. forsteri (Bloch & Schneider) X X X

ISTULARIIDAE (Coronetfishes)

*Fistularia co~~rsonii Ruppel1 X

~BIIDAE (Gobies)

fler:-ateleotrismagnifica Fowler X X I
Poscnoculius zebra Fowler X X
Pterele~tris eVldes (Jordan & Hubbs) X X X
Valenciennea strigatus (Brcusonnet) X X



DEPTH (m)
FANILY/SPECIES 5 9 18 30

HOLOCENTRIDAE (Squirrelfishes)

, AdioT caudimacu1atus (Ruppell) X X X ' .
*A. spinifer (Forsskal) X

· 1'1ammeo sarmtara (Forsska 1) X,
-*Mxrpnstls sp. X -X X,

..
~

•
KYPHOSIDAE CRuciderf1 shes) . r .

*Kyphosus cinerasoens (Forsskal) .. .1 . .
I
tABRIOAE (Wrasses) .. - ., ..

Anam;jes.caeruleoTunctatus Ruppel1 X X- " X I
A. me eavrides Va enciennes . X . , .
X. twistl (Bleeker) , X X X . -·x
lrodlanus axillaris (Bennett)- X X X x.
efieilinus Chlorcurus (Bloch) X X .' X X
'C. fasciatus (Blech) X X
~. unifasciatus Gunther X X . X X
~. trilobatus Lacepede X X X • X
~. undulatus Ruppell X~

*~heilio inermns (Forsskalj rci rrhi1abrus sp.. X X ,x ' X·
Caris gaimard {Quay & Gair.zrd} X X " X --
EpibuluS insidiatar (Pal1as) X X X X.
Gomohosus varius Lacepede 'X X X
Halichoeres biocel1atus Schultz X X X
H. hortulanus (Cacepeae) X X X X
li..margarltaceus (Valenciennes) X X
lr. marginatus Ruppell X X X X
Jr. sp.- X X
Remigymnus melaoterus (Slech) X X
Holo9tmnOSus doliatus (Lacepede) X
LabrOldes bicoior Fowler & Bear. X X. X
L. dimidiatus (Valenciennes) X X X X
Iabrops1s mlcronesica Rar.eall X
C. xanthcnotus,Randall X X
Macropha~n~oaon melee ris (Valenciennes) X X X
Pseudache111nus evanldus erdan & Evermann -x X
P. hexataenia (Bleeker) X X
~tethojulis bandanensis (Sleeker) X X X X
fhalassoma am01YCepftalum (Bleeker) X X
~T.fuscum (Lacepede) . X
,Y. lutescens (Lay & Bennett) X X X
T. gU1"quevlttatum (Lay & Sennett) X X X

*Labrid sp. 3 X



DEPTH (fil)
FAHrLY/S?~Cr::s 5 9 12 30

*Labrid sp. 4 X-rssrra sp. 5 X

lETHRINIDAE (En:perors)

*Gnathodentex'aureolineatus (Lacepada) X .. X
*Lethrinus semicinctus Valencienn!S .• X.

LUTJANlOAE (Snappers) •

'. *lutjanus fulvus (S.tocb& Schneic2r) X.
*L. sp. X

. t *Jfacolor nfger (Farsskal) ·X
~

MONACANTHIDAE (Filefishes)

*Amanses scopas (Cuvfer) X X .
. Cantherhines pardal;s (Ruppelt) X X
*Ox~nacanthus longirostT1s (Bloch & Schneider) X X X X
Para uteres hrionurus 81eaker . - .X1. melanocep alus (Bleeker) . X . X X

~
MUGILOIDIDAE (Sand Perches}

Parapercis clathrata O;ilby X X X X

MUllIDAE (Goatfishes)

Mul10idichthvs f1avclir.eat~s (laC!?ade) X x- X
*Paru eneus barberlnus lLac:~ed!) X

• bl !SClatu5 (tacepede} X X X· x.
15'. chryserydros (Lacep~e j X X X X
15'. pleurostiama (Bennettj X X
15'. trifasciatus (Lacepece; X X X X

MURAENIOAE (Moray Eels)

*Gyromothorax sp, X

OSTRACIOlITIDAE (Scxfishes, Cc~fi5hes)

*Ostracion cubicus Linnae~s X Xo. meleagris Shaw X X X X

PEHPHERIOAE (S\',eepers)

*Pemphe~is oualer.sis Cu~i~~ X X X



DEPTH (m)
F~HILY/SPECIES 5 9 18 30

POMACANTHIOAE (Anselfishes)

Apolemichthys trimaculatus (Cuvier) Xc. flavissi~Js (Cuvler) X X X X
~. heraldi Woods & Schultz X X X
~. sheaardi Randall & Yasuda 1 X . :
*Pomacanthus imperatar (Bloch) X
pygoplites diacanthus (~Qd~ert) X X . X X

. PDr1ACENTRIDAE(Damselfishes) --
~hierion clarkii (Bennett) X X

. X
roml s acares RanCla11 & Swerdlof., X X

-*C. agi 1is smith X X :
.'f. ambainensis (Bleeker) X -X -~..
'f. marqarltlTer Fowler' X 1

·thryslptera leucoaomus (Lesson) X I, 1-'" -

C. tracey; (Woods & SChultz) r X X .x. " X
*trascyttus aruanus (linnaeus) X
D. reticulatus (Richardson) X I X . X,
li. tr;macul~tus (Ruppell) X I
~ectroglYDh;dodon dickii (lienard) X X' ...
P. iohnstonianus Fowler I Ball X X X •l5'. acrymatus (Quay & Gaimarcf) x· X
lfomacentrus vaiul i Jordon & Seale X X X X
.Po~achrornis gu~~nsis Allen & Larson X X
Stegastes fasciolatus {Ogilby} X X

SCARIDAE (Parratfishes)

*Calotomus sandw7chensis (Valenciennes) X
Cetoscarus bicolor {Ruppell} X X

*Hlpposcarus longiceps (Valenciennes) X
Scarus brevifil;s (Gunther) X X X Xs. ghcbban ForssKal X X Xs. Qibbus Ruppell X X
~. pSlttacus Forsskal X X X X
~. rubroviolaceus (Sleeker) X X Xs. SChregeli (aleeker) X X X X
S. sordidus Forsskal X X X X

~. tricolor Sleeker X X
*Scarid sp. x.

SERRANIDAE (Grcupers)

Cephalopholis urodelus {Bloch & Schneider} X X X
Epinephelus faSciatus (Forsskal) X X



•

DEPTH em)
F~,:-:ILYI S?ECrES 5 9 18 30

*E. merra Bloch X X
Variola louti (Forsskal) X

SIGANIDAE (Rabbitfishas).
"r Siganus argenteus (Quay & Gaimard) X X•

• _L. _ .
'-

SYNODON-TIDAE (lizanffishes)
-r

*Synodus gracilis (QucrJ& Gaimant) . -. ·1
synodus variegatus (Lacepe!!e) X X. _. X

\
, lETRAODOitTIDAE (Su:aoth Puffers) , .

...
Arothnm niarg;unrntus (Bloch & SChneider) X X
Canthi gaster er.netti (Bleeker) - X I
C. coronata {Valliant & Sauvage} -. X
~. jantfiinoctera (Bleeker) X • --X
~. solandri (Richardson) X I X -x
~. valentini (Bleeker) X X X

• ..-
ZANCLIDAE (Moorish Idols)

Zanclus cornutus (Linnaeus) X, X X .X

Total Ma. Famil ies 2; Zl 23 26 ,ZS
Total No. Species. 176 105 114, 117 97

.



Figure 4. Monthlyfluctuations in overall fish alnmdanc:a
(mean number of iDdividuaJ.s/100 .,;z.) raco-rdecl
from September 1979 through November1980 by
depth.
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Total No. Species ~ 14

4504 .
734

C. tnce¥i
,. vaiuh

2598
1237

P. va;uli
~. traceyi

30 m:- 30 m:

. 3014

2219
2140
629

Chrysfotera traceyf
Plectrogl yphi dOdon'

lac7ujitu.s .
P. valU 1!. nisrofuscusP. guamensis

lS'.. vaiuli-

31Z3
2668

1127
805

Cirrhilabrus so.
D. reticulatus-

'18 m:-18 m:-
P. johrrstonianus!..nigrafuscus

2133
1480
969
794
685

, S68
524

.1

P. ¥iamenSiS·s. ascialatus
T. gUln9uevltta~
tf. reticulatus
Pomacentrus vaiuTi

4439
3044·
1636
1495
1261

921
535

~.'Pomachromis guanensis
Dascyllus reticulatus'

4 T. qu1nguevlttatum
. Cfrrhi labrus sp.s. fasclolatus .

PlectTOglyphidodon
johnstonlanus
!. nigrofuscus

9 m:-.•, 9 m:-

3584
2607
842
675

Stegastes fasciolatus
Plectroglyph;dodon dickii
T. Quinquevlttatum
Acanthurus nigrofuseus

2780
2095
613
549

ChiTSiptera leucDpcmus
Th~assoma quincuevittatum
Plagiotremus tapeinosa~4
Ctenochaetus striatus

5 n:: 5 m:

IPAO PT.ASAi, PT.
. .

Table 3. Most influentially acundant fish species (~500 in~ividuals)
counted at each transect station during the enti re study ~
t:urr.bers equal total number counted at a particular statlen,



PJ.gura· 6. Mtmth1ydepth-re.lated Uuctuatl.ons in abUftaanca
(me_ llu:zber of individuals/lOO m2) amang the
mat infiue:ad.al spec:iu recorded durlDg the
study. A. Pceac:hromis guamensia. .
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c - Pomac:entrusvaiuliContinued.Figure 6.

s 0
1980

JJFJDo "1979
s

...... ~~.,..--, ~--- ----- ---------............: - - ..~.. .....-...... . ....... .••••

a.
..........

••• .~ .. ~~II

2..
8--lit-l

••••• 5 r.:
--. 9m
-. 1B:;:

30m

_e................•.•. .-...-.........

IDftII

B- DucIllua reticulatua

s a
1980

J"A"FJDSO ..
1979

figure 6.

100

"

.'
~
8-.......-.. !2oo
::10>--

~ "I-.
i
••

'.
•

300

••••• .5 1'1

--. !i:r.
_·I2111
•••••• 30 1'1

,~~~------------------------------------------------~



E - Cirrhilalrus !2.-
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K - Ctenochaetus striatus
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K - Stegastes fasc:iolatusContinued ..
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Figure 6. Ccmtinuad. 11- Sc:arus sorci:ldus
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Total No. S'pecies' • 35

SPECIES
.

fio.Stations Total ~o. Counted

8 7387
7 7047
8 5513
8: 3880
8

.
1811

1 ,1744 .
8 . 1009
7 .. ·871
8 858
8 . ·841 ,<

8 - .492 .
8 434- .., ' ,

1 416 . '.
1 404
8 391
8 • 359 - -
8 341
8· 337 '.,

> ,

8 .292
7 288
8. 280
8 274
1 214
7 201
7 156
1 124
8 ·112
8 104
1 93
8 88
5 ·14
1 71
8 . 59
1 56
8 51

,

Pomacentrus vafuli
DasrH·llus reticulatus
Cir ilabrus sp•.
Acanthurus nigrofuscus
Scarus sonn4g. . •
Ctenochaetus striatus
Scarus ~sittacus .
Meicant us atrodOrsalis
ScaTUs schleg~li
Nasa lituratus
~thurus glaucoearfeus
Parupeneus tritasciatus
Chaetodon citrinel1us
Thalassoma lutescens
canthigaster'solandrf
zanc1us comutus
SuHl amen bursa '
para~erc1s clathrata ,
Stet O~Ulis banaan~nsis
Chaeta on ~unctatoTasc1atus
Labroides imidiatus
Cheilinus unifasciatus
Sufflamen chrxsopterus,
cevhalapholis urocelus .
Ai ichoeres hortu Ianus ,
Forcipi~er flavissi~s
Melicht ys vidua
Chaetodon ret1culatus
Balistapus undulatus
Ralichoeres mars,natus
Epibulus insiclatcr
CentropYge flavissinrus
Cheilinus trilobatus
Parupeneus bifasciatus
Paruper.eus ChrySeredros

Table 4. Nost ubiquitous fish species (counted at 7 or 8 trar.sect
stations) seen durir.s the study in order of total abundance •



Humber of repra.eatativa peak alnmdaac:es %Bcorded
each month (bued on ma:zimwa 1ZIUI1111011thly COUllta)
vitbin the most ubiquitous species group.

Figure 7.
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Trophic Category ira!!s:ct Ceath Total fto. Species

~r.; s~ 18m 30m

CARNIVORES 3 3 8 5 19
32: Sa!

HERBIVORES 6 '" I Q. 9~sa' 111_ ..
. .

OMtfIVORES C 3 1 3 7
Zji 57%

Total No. Species :. 9 8 10 8 3S

Table ~ Number of species p:r S!!!'1araTtrophic category (within the
BOSt ubiquitous sp!Cies group) that peaked in mean abundance
at each transect d!~h.

. 79 .No. Species/Group - 19
Total No. Species • 35

. ....

,.

-.

Cfrrhilabrus sp. Acar.~urus niarofUscus Po~~centrus vaiuli
Meicanthus atrodorsalis SeaMUs sordiaus Cascyl1us reticulatus
Parupeneus trifasciatus -Cter.cchaetus striatus Chaetodon citrinel1us
Thalassama lutescens Sca~Js Dsi~~acus Canthiaister solandri
Zanclus cornutus Scarus scnl:ceti chaeta on .
Sufflamen 6una ..Naso 1ituratus ¥unctatofasciatus
paraeercisCTithrata . Aciiithurus ~e ichthys viaua .
Stet o~ulis 6anaanensis glaucccarieus Balistapus undulatus·
Labroi es dimrtdiatus Chaetodon re~icuTatus

.. thei hnus un1fasciatus. Centrctr/S! ilavi SS1rr.uS
.: suR1amen chr;ysopterus

ce¥halopholis urodelus
Hi ichoeres hortu 1anus

. FOTCiRigerflavissimus
Aalic oeres rrra~lnatus
EftibulUS ins;a~tor'

.C eil1nus trilobatus
Parupeneus bifasciatus
Parupeneus ChrYseredrcs.

OMNIVORESH~RBI';Q?ESCARNIVORES

Table 5. General tro~hic cat=scr:es to wh;I. .. tr! members of the rr.ost
ubiquitous species ;ro~~ ~ere assigned. Species are listed
in decreasing or's,. of total abur.dar:ce relative to each
category.



Figura 9. Numberof represBDtative peak abundancesrecorded.
each month (based. OIl 1II8Ximum maaD mOllthly counts)
8111m! equal numbers of carnivores anelherbivores
within an expanded ubiquitous spec:Lesgroup.
Total numberof species • 56.
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Of the 14.ubiquitous herbivores that peaked in abundanceduring the
October-Decemberperiod (Table 10), eight (Acanthuruslineatus, A.
Dig!ofuscus [Pig. 4g], .!. triostegus, A_. pyroferus. !!!.2. lituratus, !.
UIlicornis, Zebrasomaflavesc81l.Sand!. veliferum) ware browsing and two

"_

combined fish abundance of both trophic categories was significantly greater
(chi-square for a 2 X 2 contingency table, p< 0.01) during the wet season
(Table 7), it was fishes within the expandedherbivore group that were the
major contributors (chi-square for 2 classes, p< 0.01) to this increase
(Table 8). Chi-square test for morethan two classes also supported
(herbivores, p< 0.05) this result (Table 9). Whenthe carnivore and
herbivore data were segregated into quarterly intervals, it was found that
thasa periods were not homogeneous(G-statistic [~], p< 0.025) in their
expected ratios of number.of species peaks per trophic catego9; and it was
the October-Decemberperiod that was significantly different (G-statistic
[G). p< 0.05) (Table 10). Therefore. although the cambia_ f:lah abuDdaDce
represented. by both trophic categorias was greaC&St during the raiDy.seasOll.
the ezpaDdecl cami.vore g%CUpincreased udy au.cl peakedbefo~ the, IIIOIlth of
maT(1IIQII',raiufall. ancl the 8XpmcJed herhivore group did DOtiI1c:raase
significantly unt:U after the raini8st 1:IDDth. ILa4 pasaecl., ,'rhu.., tha sa&llQD&l.
fluctuation. aDImI& the mora ubiquitous mel abudge. fish spec::laa,Appurad to
follmr a clepth-r.'.~ pat1:8l:!Lthat V&8 probably ralatad. to food. resourcas. _

..
'the' fint species 'notecl to recruit in appreciable DDIIbus c!urlDg 1980 vas ' .. '
the plmktivore lomachromisFameasi. (1'1&. 4&). vld.c:h sattlad. .troqly :I.D '
March at 9 aud 18 Ill. Other relatively abvDdaDtpIanktan-feaders thac.
raC%UitK betweeaHarch azul .JUDe :I.Dcl.wfed the om:l.uvorea Da&cyllua
"reticulatwl,. lomacentrus vaiul:l.. Ch%ysipteratracgf and., aa juvenile.,. "_
Cirrhilabrus ap. (Fig. 4b,. c,. d cd e. respectively. AlouSwith oCher 1.... "
abllndmt plpaktivores, such as Nemateleotris mapifica aDd Ptareleotria"
evidas,. thea. speci.. probably repreHDtad a significant food resource for
several piacivores. In fact. maximnm maau. lI011tbl.y COUDts of the a:c:oupers.
Caphalopholis urodelus and EpiDephelus fasc:1&tus. the havkfishaa" •
Cirrhitichthys, falco and Parac:i.rrhites farsten. the sand·perch. laraperc:is
clathrata. and the wrasses. Cheilinus trilobatus and C.. UDif~iatwl. wara
all recorcledbetweenFebruary and June. Piaeivert 1.nCreasasobsened chsriDg
chese monthswere.mainly due- to the appunuca. of subadults a:uci adults aDd
addiCioaally included sporadic sighting. of laqer grouper.. SIUlpperaaDd
wras.... such as Variola louti. Lutjanus bohar aDdCheillnus Ulululatus.
'th8S4!llattar species are. daeper-vatar predators that may have undergonea
seascmal.vertical. migration :in respoll5e to 1Dc:reasad prey abundanceemthe
upper reef slope CKack1982).

Several benthic invertebrate-feeders also a:1d.bitad peak abUDc!anc:asduriD&
the 8aDIII period. Increases 8IIOI1gthese spec:.:l.e.wer. primarUy' due to
juvea:Ue reCTUit1lleDt.but alder juvenile. aDd. adults wer. also CODIIIIOIlly
encountend. They iD.clucledthe boxfish, Ostraciem .. lugna,. the
triggerfish. Suffl.amenbursa me) the wrasses. Corla gaimard,.Gomphosus.
variua, Balichoeres hortulanus, !.marpnatus. Macropbaryusodoumelums. '
Stethojul1s bandanen.sisand Thalassomaquinguavittatum (Fig. 4f), amidst
others. These species also many have peaked during a time of expaudiDSfood
resources since the strong planktivore fiuctuation suggests the presence of
abund.aD.t_plankton. uponwhichmaybenthic invertebrates are lmOWll to feed.
Bowaver, data directly supporting this vas not collected during the study.'



....' a p< 0.:01

IBased on nwr.bers of maximur:'lmonthly c:ean COl.onts w~thirt eaCh trophic:
group_

.
• 6.842'"

12 • ef13 x 24} - ~15 - 4)]2 56 .28 x za x 1 x 39} '. ..

DRY SEASQri WET SE."'SON

Janua!I-fti:!:,£ June-December Total
, Y

Carnivores 13 • 15 ,"" ' 28 -.
. ~erbivores 4- 24 .. 28 :.'

17 39 56
• .~

Table 7. Two-by-two test of ince~endence using X% (Sakal and Rohlf
1969) ~o detenmir.e if overall fish abur.dance1 of equal num
ber3 of carnivores an~ hErbivores was significantly greater
durir.; the wet season (X' rainfall.? 12.5 em/month). Da.ta
not collected du~ir.;Jar.ua~.



lBased on the nu~bers of maxi~Jm monthly mean counts of 28 carnivores
and'28 herbivores.

** :. p < 0.01ns ~ p > 0.05

• 14.286·'"

X2 a {4 - 14)2 + (24 - 14)2
14 14

7.14310010.!!
28

24

28

Wet Season
(Jun-Dec)

t

7.143 ".100-10144
Dry Season
.(Jan-May)

..
ff-ff

HERBIVORES:

, ..
"

.. .
• 0.142 ns

X2 ~ (13 - 14)2 + (15 - 14)2
14 14

14 -1 1 0.071.. , '

14 1 '1 . o.on- - -

28

(f-1)2 ,f-¥
CARNIVORES:

f

•
Dry Season
(Jan-May) 13

Wet Season
(Jun-Dec) 15-
.r. 28

Two class tests of independence using X2 (Sokal and Rohlf
1969) to determine if either ~arnivores or herbivores were
signi ficantly more abundant 1 during the wet season
(x rainfall ~ 12.5 cm/eonth}, Cata not collected during
January.

Table 8.
"



lSased on the numbers of ~~X~~ ~nthly mean counts of 28 carnivores
and 28 herbivores.

'* III P < 0.05ns III P :> 0.05

XZ III (1 ...5.091}Z + (6 - 7.S35)2 + (7 - 7.636)2 + {14 - 7.636)2
. 5.091 i.63& 7.636 1.636
• 8.994* .

CARNIVORES: .... .. ... ~f-fl2
f f f-f (f-f)2 t

Feb-Mar 4 5.091, -1.091 1.190' 0.234

Apr--Jun ,
14 7.636 6.364- 40.500 5.304-

,

. , Jul-Sep 5 .7.636 -2.636 . .&.948 0.910

t Oct-Dec 5 7.636 -2 ..636;"· . 6.948 0.91Q

1: 28 27.999
..

, ,
X2 :II {4 - 5.091)2 + (14 - 7.636)2 + (5 - 7.635)2 + (5 - 7.636)% : :.~

5.091 7.m 1.636 7.636' .:... . .

• 7.358 ns
:., .

HERBIVORES: .... ... .. {f-il'
I f f-f (f-f)2 f•

reb-Mar- . 1 5.091 -4.091 16.736 1.287

Apr-Jun 6 7.646 -1.636 %.676 O.35Q

. JuT-Sep 7 7.635 -0.636 Q.404· 0.053.

Od-Dec lZ 7.:35 5.364 40.500 5.304

t 28 27.9;9

Table 9. rests cf ir.ce;::r::::-ce fer greater than b:o classes us'ing X'
(Sokal ar.d R:hl of 1~E5) to cetcrr.rine if fish abundance 1 of
either carnivores or herbi'Jores was significantly greater
during ~u!rterly ~=riccs of the year.



.. • p < 0.05 . .... p < 0.01

ISased on numbers of ~ximum ~thly =ean ~~r.~s within each ~roPhic group.

. '

"0

. .
~ • 2 (185.603 + 19.408 + lS.40! - 225.4191- .

9.99%28 28 ser.
~ • 2 (119.905.- ~.6Q3 -,I53.7Z5 + 22~~41?]

~ 9.994.... ,

4 ..439'P19 •-
: 12 0.335

~ .' +

~ 3.291.

feb-Mar

,. Apr-Jun

Jul-Sep.

Oct-Dec
.. 't~

'1.9275

20.

CARNIVORES E=-"IVO"::C:..,.~ t\..._

4 1

14 6 .
..

5" 7

S" 14- -

MONTHS

Two-by-two test of ir.::~er.c=~c~usir.;tr.: G-statistic (Sakal
and Rohlf 1969) to c::~er::1r:: if fish ab:.;r.:ance1of equal
numbers of carn~\'ores ar.d hert:i'lcr:s was significantly
greater during ~uartsr1y periods of the year.

Table 10"



Amrual. variation 1Dthe counts of the 3S most ubiquitous fish spedes vas
e.t~ed with data collected during the mantha of September. October aDd
November. 1979 and 1980. The COW1Uof thaaa spec:ias, ware lumped across
depths and analyzed by site. Values of i calcuIated fram the September
data showthat nat' decreases in abundanceoccurred between years in mDBI:
species. at both sites; but based on the October and Novemberdata seta these
values showednet increases between years at both si.tas. Values of AV
calc:ulatad for both sites were generally low, ranging from 0.06 to 0.17.
indicating that relatively 1itUe overall chante· in ranked fish abundances
had occurred between years. Within. the 1600m area surveyed at each site.
the DIOstubiquitous upper'reef slope fishas showfairly stable abund.anr:es
f%OIIl year to year (x AVAsau. and Ipao - 0.11 and 0.09, respectively).

Annual variation was estimated for each depth by lumping depth-sped.fic data
acrOBSsites. The meanlog R's (a) amongmonths for the 3S ubiquitous
species shownet decreases to have been pravalaDt between years in the
September 4iata. while net increases are found in the October and November
data sets. Comparisonsof i amongdepths indicate that the most
ridespread increases in abundancebetween years occurred at 18 m. 'Ihe

AnnualVariation

Although they were not uncOIDIIIOn.juvenile surgeonfishes seemedgenerally. low
in representation on the reef slope. Most of the largest increases in
surgeonfish ab'mdance.were due to the presence of subadult/adult
m:l.xed~spec:iesforaging aggregations that appeared to be 'IDOstnumerous and
1IIOStfraquaut during the fal1. TheDIOstconspic:uousspades included -
Ac:anthurusglaucopareis, "!_. nigrofuscus. !. triosteps. and!.. lib:lr&cus ..
In cODtrast. the majority of the newly reemi.ted juveui1e browsers- observed
duriDg this study-were tarricorlal. da:m.aai1f!.ahasthat gaurally peak.a in '
overall abUlldauceduring the spring/ SlUaIIIer1IIDI1ths on·the re~ front mel
upper submarlDa,tarr&ca. The mag impOr1:m1t of thua spec:ias included -
Cbriysiptara. leucampolllWl(Fig 4j). Stegastes fascio1atus (Pig .. 4k),
Plec.troslYphidodon:dicld.i (Fig. 41). !_. laCrymaCUS (Fig 4.) and!..
johnatcmiamJsooJuveDi.le parrotfishas were enc:ouutareGat a rather moderate
freqwmc:t. often. 111small groups (10-20 individuals) or as pare of larger
(100-200 iDdividuala) mized-speciu- foraging agngad..ous. lIovever. tha~
wera DO strong relatj.cmships baeveea.parrotfish abuDdauc•. aDCi specific
depths· or reef zcmaa. !.brerifilis azult.!.. psitucus peaked during the
October-Dec:embarperiod. while peak abuudauceavera r.corded for Cetoscama
b1.c:olor. ScaNS rubrori.olac:esus• .!. schl.epli uc1!. sordidus (Fig. 4'Do)
betwa8ll May and August. The latter species. however. showed.strong -
increase. in the 'fall. and along rith _!. psittac:ua, aDd.!. schlesaU often
farmed substantial.. pottiona of foraging aggregations. Since the reef slope
al.gal biomass did. not fluctuate noticeably during this study. there seems to
be 110 cl1rect relationship between flw:1:Uaticmain herbivorous fish abundance,

-, and food resources. on the upper raef slope. But,again. data dUec:tly
sapportiDg this was not collected during the iD:veBtigati.cnl..

{Acanthurus mata and Ctenochaetus striatus [Fig. 4b]} were grazing
surgeonfishes; two (Scarus brevifilis and 1. psittacus [Fig. 4i]) were
grazing parrotfishes; and one each (Centropygeflavissimus and Chaetodon
reticulatus) were browsing angelfish and butterflyfish. respectively. Of
the ten browsers eight are surgeonfishes that were mDstabundant at 5 m.



The 1Ditial planktivore influz. as vell as juvea.ile recruitment in leneral.
algbt have been iDfluea.cedby several faetors pm1llOtiDgsuccessful. larval
survival. Peak juven1.la recruitmea.t maybe the result of seasonally
intea.s:1fied reproduction that is timed to c:ainc::identh factors favorable
for larval survival and juvenile settlement. On the otber band. fisb
reprocJucti"n maybe relati.vely constant through tha year. and seasouality in
recruitment may be the result of intermittently .uhanced survival due to
these factors. Since spaW11ingvas not observed during this study. we have
no data supporting the bypothesis that reef fish reproduction is seasonally

" .
'the c:haDgeain overall fUll abundance obsernd duriDa this study (rig. 4)
caafomecJ to a lenarU pattarD conaiateDt vith recenc work-done inGuam
(lCock 1982) .. Micronesia (Joha!ma. 1978). Havaij, (Watsemand Leia 1974).. tha
Caribbean (Luck1mrst.m4 Luckhurst 1977) an4 the Great Barrier lleef (lluseU
et ale 1977;,Talbot et al. 1978; WilHam· aDd Sal. 1981).. inwhich fish
abuiidanca flDctuad.oiii ora fOUDcl to b. bighly .easoaal ad larply Rlated
to reproducuve activities. Our rilsult.s also suggest that there is a
temporal partUioniDg in peak abunclauc:. across d..pth. possibly RsultiDg
from.a more specific temporal partitioning amoEllamaral. trophi.c graupa.
Serons planktivore rac:J:Uit::IDeD.C at 9 and. 18 111 in-Harc:li app.ared to iD.1t1.ate
the observed seaaoual iuc:rea.e in overall fish. abuDdaace.. 'lb:1svas followad
c~o88ly by incr ..... amongother abundantplankton-feeders. prlmanlyat
18 m. through JUDe. Peak alnmdancesamoug the most ubiquitous camivores"
were clusterecJ betweenApril aucl JUDe. with _jor pisc::ivoreincreases baing
especially prominent at 9 and 18.. In ccmttast. peak abundance. aIIOugthe
moat ubiquitous herbivores were clumpedb.tw_ October and Decmber..at
S m. .

..
Yearly chang.. in speciu compoait1= amoq aha 35 moat ub:kuitoaa specie.
aa e.dmatecl by the J and It iDdices of rasablanc. showth..... tftD.Il
(Table. U and. 13).. Study .:ltes (all daptha ecnmiDad) ahcJvgreater species
COl18taDcy (ia•• higher iJu:lezvaJ.uM) tha: do :1Dd1.viclnal. depth zouaa
iDdicatiD&.thac species compoSitionis mora subl. over broacler·areaa thaJt
wf.Chi.A uarrow.r ZODU. 'the 1IIND val... of each 1Ddu for all..depths
combiAed~ezclucJ1na30 III, wera similar (i - 0.84; It - 0.91) and relatively
b:l.gIl. iDdicatiD&the pre8eDCa of a fa1zly CODSUIiI: ubiquitous apaci
c:ampositicm. Yearly diffenacu in the ~ars of speci_ obearv_ at: 30 •
is misle.ding ..wac::. brica m. a:mouDc. of c... dma· vas a:peaded ac chat:
depcli :1A 19'19. ..

D:ISCUSSIOfl

calculated values of AV range from 0.03 ~ 0.23.with consistently higher
values at 18 Ill. Table 11 summa.rizesthe values of R. and AV calculated for
each study site and depth for each pair of conths. The results showthat ou
a relatively broader scale of analysis (1600 m2 of reef). AV's c:al.c:ul.atedby
site are comparatively low and not very cUffarent fromeach other. Values
of AV are generally higher whancalculated for specific depths and
depth-monthcombinations (800 m2 of reef). the mean value for all depths
(iAV - 0.13) is s1udlar to that for both study sites (iAV • 0~10).
indicating low anm!a1variation in abulJdanc.over the aztemdve reef areas
aaalyzecl. In addition. trends in the c:al.c1:WI.tedvalues of AV across: depths
.... to be loosely correlatecl vith the depth-1:Ielaeecltrends in ObSUVH
apeciaa richness (tables 1 and 2). . f



Study Transect
Site Depth (m) Sept~er October November -x

. '.-T R: •

.. As~n All -O.OS . 0.05. 0.04- . 0.01

~. Ipao All -0 ..04 0.08 0.03 O.OZ,

80th" S 0~03 0.01 -0 ..02. 0.01

80th 9 -0.18 0.08 0.10 0'..00

. Both 18 0.02 0.09 . 0.09 . 0.07

, Both . 30 -0.02 -0..08 0.03 -O.Oz

AV:

Asan All 0.09 Q.06 0.17 0.11::

lpao All 0.10 0.10 .0.07 ' 0.09

Both 5 0.14 0.10 0.07 . 0.10

Both 9 0.14 0.14 0.10 0.13

Both 18 0.15 0.18 0.2l 0.19

Both 30 0.04 0.15 0.12 0.10

Table 11. Annual variation (k\·) ira ranl(ed fish abundances of the 35
most ubuquitous fish sp=cies observed at Asan Pt. and Ipao
Pt. Calculations are based on data collected qyring Septem
ber , October and Ncver.ber, 1979 and 1980. Rand AV are
explained in text and in ~alda (1978).



Study " Transect
Site Depth (m) Septer.i:er October Hovember i

Asan All . 0.98 Q.96 0.97 0.97

Ipao An 0.96 0.98 0.98" 0.97

Both 5 m o.so 0.93 0.93 0.92

Both 9 m o.so 0.92 0.92 0.92, -
.,_-.;~ n

Both 18 m C.S: 0.93 0.94 0.91

Both 30 m 0.9: 0.78 0.84 0.84

Table 1~ Annual variation in spy-ies composition of the 35 most
ubiquitous fish species cbs~rved at Asan Pt. and Ipaa Pt. as
estimated by the ResemOiar.ce Ir:dex (R). Calculations are
based on data col1ecte~ Curing September, October and
November, 1979 and ISBO. R is explained in text and in
Smith (1973).

Study Transect
Site Depth em) SeptaI::ber October November -x

:'

Asan All 0.97 0.91 . . 0.94- ~ 0.94
•

-'
Ipaa All 0.97 0.97 . 0.91 0.95

,80th 5U1 0.81 Q~8r . O.SS" 0.85 _.
Both gill 0.82 0.85 0.85 0.84-'

Bath IS lit 0.74 0.88 ,O.S8 0.83 _

Both ·30 m 0.82 0.66 0.72. 0..73

Table 12.'Annual variation ir s;;:ci:s co;o::pcsiticnof the 35 most
ubiquitous fish species c:s~r/ed at Asan Pt. and Ipao Pt. as
estimated by the Jaccard Cc:fficient (J). Calculations are
based en data collected during September, October and
November, 1979 and lSBO. J is explained in text and in
Sakal and Sneath (1953).



'.
If" iD. 18IIeral. the muabers.ill. aD animal popalaei011are at least part1y
replatecl by food·availability (Lack 1954; P:lanka1974). and siDce f:lah
appear to spawnto gain IIDst from the food availab1. in the procfuctimlc:yc:1a.
(Cnsb:lng'1975; luasall. et ale 1977).. the ratl1u dramatically ncc.aful
racnntmeat of !.~iSpreaumably indicated the presence of abUDd.Dt"
zooplankton. By the samelogic.. increases among the benthic
invertebrata-f.eders may indicate the pre•• c. of abundaDtbenthic
invertebrata prey, of which many species are also known to f.ed tlZtaDSively
on plallktcm. Indeed. Russell ~.!!. (1977) pointed to the significance of a
rec:ruitmaQtstrategy inwhich fish abundanceiD.creas.. at a time when.
Pla-dmn"food resources enSure c:oncl1tiousmoat favorable for growth. In
addition. they mention evidence leading to the existanc:e of subtle .... cmal.
patterns in tropical prima~ production (ltinsey and DOIIIIIl1974). ed the
possibla link betweenthese patterns and tha reproductive' cycles in
coral-reef fishes. In a northern hemispheric tropical ocean, phytoplaukton
production.. largely controlled by 80lar radiation and v1nd. develops .lowly
throuah the fall and rinter leading to m,x1nmm herbivorous zooplankton.
abundancearound February (Cushing1959. 1975) .. approximately the .t1lll8of
the initial p1anktivora influx observed during this study.

Although the diurnal. low-spriDg-d.de S.."OII at: Guam may beam a:oad. Harch.
there is evidence that effective raaf-flat algal dasiccatiml may DOtoccur .
uut:U later. iD. the: ....... Taucla(1974) baa shown that ehe algae wb:lc:b iIR
most seasonal. 011Guam are intertidal. speciaa. die _jor:l.ty of wh:1ch are 1IIGsl:
abUDelant becw88DJauu.axy mui JUDe. He also emphasized that the desiccatiaD. ,
of intertidal alp. ia regulated by the cri.tical factors of tima· of day and.
duratiau of' DpOaun (Doty 1946; LawS0111957) which. are effec:ti.valy'_t,'011 ,
Guam cmly during the ,1IIImtha of May through August. Therefore. if s_ODally
BUDdentplaDkt01liJ:.food is au important factor influencing, auccasaful
springtime juvenile re~tmeDt amcmgupper reef-slope fishes. i.t 1a ]ikely
to result from a source that is of areater iDfluauce during the _rlier part
of the year. The results of 'the present atucly suggest a similar but
contrasting axplanatiml •.

.,

ltock (1982) proposed that seascmally abundant plaukto1li.cfood may b.
important in timiDgthe iDitiati.on of strong juvenila fish recru:ltmal1ton
Guam'. upper reef slope. In doing so. he cited the post-reproductive
looseuing and.fragmentatioDof BoocUaacompositabeginning.in Februa:y
(R.. T. 'tsw:l&. pera. c:om.) and. the duic:cat:1cm.of Caulerpa racemosa (Patara01l
1972.) beg1rm:lDgiD. March. as ezamp1eaof reef-flat algae that are .
transported. offahon during tha middayl~e 8euoD. Accordingly" it va.
iDfarrad that the suspeeled parti.cul.ata material ruultiDg from th... aucl
otbar spac.iu of duel algae may ,..,...ebov 11'ul1rac:tlycontribute to the
D01lrishllWDC of pe1agl.cfish l.arvu. and that the adeledbeaaf:I.Cof this
ccmditiou is ultimataly manifeac. iD. d:aa fozmof ...n1lUll juva:11.
sattl __ e betwaell.March. anclJune.

intensified. Similarly, this study did 1lot examine the possib:UJ.tyof
differential larval survival throughout the year or tbe effects of predation
and competition on newlysettled recruits. However.because this
investigation did yield data indicating that different trophic groups
exhibited different patterns of seasonal abundance, it is possible that food
availability maybe an important "proximata" or "ultimate" cause influencing
the observed seasonal peaks in overall fish abundance.



As the diw:nal. low_priDg-tida MU011deval.ops. hoth grazers and browsers
are adw1ed from foraging OIl the reef flat cluri.zlgcertain hour. of tha day
(Bakua 1967). Since 'ID08therbivomu.s fishe. are DOCtumally iDactiVtt
(Hobson.1965. 1972; Starck aud Davis 1966; ltoseab~t md Bobaoa.1969-). this
low-tide restriction of d1umal reef-flat forag:1ng1Idghtb. vievecl as a
cond:ld.on le88 favorable to maximumarowth. especially aDIDDI juvenile
brows.rs. Wideapnad reduction in food resources cluato desiccation (Tsuda
1974) duriDg the fully developed diumal. lov-spr1ng-tide season also may b.
highly' stressful to foraging herbivore populations. aDd in'particular to
thos. brow.en DIOstintimately associatad nth the reef flat. 'rha severlty
of this fom of enviro~ta1 stress is eowpoundedby seasonall.y high
raiDfall (Fig. 2) which serves to extend the ti%:a period of algal reduction
by preventing the reef-flat COjiMilni ty from starting to reestablish itself as
SOO11 as the critical middaylow-tide season ends. Rainfall con.tinuing into
the later mon~haof the year could produce reaf-flat salinities lowenougb
to delay the reappearance of upper intertidal algae untU .January (Tsuda
1974). The increase ill fish abuDdancethat occurred most notably in
shallower Water during the fall mayhave been related to reproducd.on amous
srazers in response to leDstheniDI diurnal foraging time on the reef flat.

The much greater than average rain experian~ed in February (Fig. 2) maybave
added additional nutrients through rain-induced terrestrial run-off. The
addition of detrital material after April due to the developing seasonal
reef-flat algal kill may also be influential. Althoughpeak abundances
amongthe mast ubiquitous carnivores did not showa significant relationship
with the rainy season (Table 8). it is reasonable to conclude from the
observed trends that increased food availab~ty in a variety of forms could
have played an important role ill their fluctuations.. At the very least. the
data clearly suggesc that many of the pla:lk~voras. pisc:ivores and bentld.c
invertebrate-f ••dars wi.thiu the fish cor;:"imity are capable of taking.
advantage of seasonal increases in tha:f.r food supplies. Besides c:on£arr1ng
potential growthbenefits to recmitiDg juverti Jas. reproduction. coinciciant
nth tryprimum, lavala of flDctuatiDa f.cod. resourc... may allaV adults to meet
lIIOreaucceaafully the iuc:rease4 aara:r d....."d· spawiliDg p~aa upon thau.
Therefore. the relaticmahip betw.. food 'USOIiIZea, availabW,ty ancl fish
abundance for sp~ .. well. as rec::m1.ta, J1J:a:y hav. significaDce frOJllboth
"prazimata" physiological (taller at &1. 1962) and "ultimate" avolutiauJ:1
(Fisher ~930) per.pee~v .. _ -- - .

Data on the herbivore. led to the sa:ma paanl. c:&mel.usiozl.. SiDca these,
fishes have genenll.y low ua1mi1adml effic:iemc:l.•• (Oclua1970; Chartok -
197:1.). and retain food for onl.ya fev boars (OgdellaDd Label 1978). tbay .
81so have re1atival.y large food biamu. i.qu:J.ramanu,(Bardach1961). In,
Guam. hoth aclults aud juvenile. of several. sargeoafi.ah aDcl parrotfish
spec:iea COIIIIIIaIlly sact OIl the upper reef atope. are 'kDGwD to frequent the
reef flat (Amesbury 1978; Amesburyand Hyers 1981; badk. 1982; Myers1982) ..
especially clur1ns hish tide.is. llha.. the relat:ivuy extensive reef-flat. area
that exists CD Guam' (Randall and nc1redp 1976) is considered. it is eaSy to
:lmagiDa hov beneficial. the addit:lonal alpl b:lomassusocia!:e4 nth th:ls

- zone might'he to the ahallov-vater h,ut)ivorou f1sb. community. JIowayer.in
order to ut1Jize' even a limi.ted amountof the energy stored ill this biomass.
many herbivorous fishe. have bad to adapt CO a clistinctive type of
procluct:loncycle largely controlled by solar radiatioD. tide and ra1nfa11.



Despite numerical.variaticma in seasonal. ab1mda1lca•. the f:1sh C01!!!II!1JIi ty m
general seems to exhibit a fairly predictable annual cycle returDin& to
similar levels after a 12-manth per1.oci. 'the resulting lov values of AV
(Table 10) characterize the f:ish commmityon the upper reef slope as beiDl
relatively penis taut. Thevaluu of AV calculated for upper raaf-elopa
fish .. 011 Guam may b. comparednth tho.. calculated for organf8'DII ill less
c1imatically stabl. regions (Table. 14). Thevalues for Gwaaare slightly
lower but similar to those for marine fish.. in saut:um Califomia (Ebeling
et a1. 1980). and they are lower than those for marine fishes in northuD
calliamia (MUler anA Geibel 1973; Burg. and Sc:hultz 1973) and ~or
estuarine fishes in Dorthern Florida (LiviD&stoll1976).

The high annual COl18tancy in species composit1.onfcnmd.during thi8 study
also indicates the pres.nce of a fairly persistent fish comzmmityOIl the
scale analyzed (Tables 15 and 16). The.. results generally aare. with other
studies of fish assemblages made OD relatively larga areas of coral reef
(Smith and Tyler 1972. 1975; Smith 1973; Gladfelter ~.!!. 1980; Xock.1982).
but are in contrast: to the results of studies of very small natural fish
assemblages (Sale 1977; Sale and Dybdahl.1975. 1978). and assemhlageaOIl
comparatively small natural reefs (Nolan 1975; Sale 1980) and artificial
reefs (Bussell at a1. 1974. 1977; Talbot et a1. 1978)•. Differences in
either the· spatWscale used or the timeheanal betveen comparedcensuses
could greatly affect the outcomeof such comparisons (Diamondand.May 1977;
Talbot et a1. 1978). In this re8ard~ leas variation is predicted for data--

Certain ncmberb:lvoroaafish .. may also take advantap of raprodudDg cIu:riDg
the fall for a simi'ar rea8Gll. siDce incr••a:1Da p1ankum. algal. procluc:ticm
&:ad detritus ac~ 011 the reef flat may suppore-a sigDific:aDt.
bio ... _ of benthic invertebrates as wall: Bowwver..reproduction dunns the
fall maybe of .ecODduy importaDc:a to th... spaciu s1Dc. they are nat ..
cli.rectly dependent:as herbivores 011 reef-flat algal. biomass. nm.. •
ncmharbivaroua speciea mayspna4 their raprociuctiva activities over a
longer period of time which maypartially explain whypeak abuud_e .. ·withm· , ,
the moat ubiquitous carnivore group analyzed. in this study did nat prove to
be significanUy correlated with the April. to June period (Tablea 9 and 10). . .,

Because of the rather ubiquitous nature of their food source and their
wide-ranging foragiDg habits. parrotfishes maybe less dependent than
browsing surgeonfisbes upon the reef flat. and thus. may also be relatively
less affected by the seasonal diurnal restriction of reef-flat foraging.
This may be supported by the comparat:1valylower juvenile represlU1tation ot
the latter species observed during this study. which also suggests that
reprodw:ti.au among browsing surgeanfishas mayhe more respons:lva to changes
in reef-flat algal bicmass. The herbivores that peakeclin ammdaDcaearlier
in the year wera mosUy territorial cW:aselfishas that c01llllODl.yinhabit the
reef f%'OII.tand. submariDaterrace. Others iDcluciedcleeper--waterauaelf:1sbea.
parrotUllhu 8IUIaurpcmfishe •• !he effects of saasc=ally reduc:a4 reef-flat
a1gal biomas.. might b. felt iDdirac:tl.y by thu. dam .. lfish ... aDd. aqa1fi.abe_
in the form of temporari.ly iDcr••• ed. intuspec:lfic c:ampet:ltiAmfor food
(Barlow 1974). pard.cul.ar1y siDe. subd.da). alp. appear to fl.am:1sh 7UJ: .
round (Tsuda 1974).,

and among browBing surgeonfishes in response to the reestablishment of the
reef-flat algal community. .



... .

."_ Values'calcuTated by Ebeling et al. (1980)--

. AV ORGAN ISr-t lOC,,\TICN REFERENCE

•
0.55* Estuarine Fishes florth FlOM<!a Livingston 1976
0.34 Arthropods ·Dry, unstable climatt Wol{fa1978
0.20* Marine Fishes Diablo Cove, Calif. Burge & Schultz 1973
0.17* Marine Fishes Monterey Bay~ Calif. " Mf 11 er & Geibel 1973
O~15 Arthropocls Humid, stahle climate -Wolda.1918
o.lS Marine Fishes Santa Cruz Is., Calif.. . Ebeling et at; 1980
0.11 " Marine Fishes Naples Reef, C~lif. Ebe1ing it iT. 1980
0.11 Marine Fishes Ipao Pt •• Guam This stuey~
0.09 Marine- Fi shes Asan Pt •• Guam This ~tudy

Table 14. Ccmparison of a~~cal variation {AV} ir. ranked species
abundances calcula:sd fer sc~e crsanisrns living in different
geographical areas ar.c cii~atic reg1rr.es. AV values ~easure
the sccpe of yearly chari;;:;in spec+es abundances , where
relatively lew values ir:d~cete general1y little change.
(See text and Wolca 19,8)•



the coral-reef fishes Oil the upper ruf slope. at Guamexhibit seasoaal
variations that appear to ruult largely from reproductive activities which
may b. closel.y related to food,resource availability. Saaaaual flw:tuatiOllS
beeween·c:ami.voreand herbivore groups overlap but shov c1apth-ralated
temporal c1iffereru:.esin peak abUUdal1CIl that may be the result of adaptations
to ~fer8llt food resOurces. Climatological and oceanographicphaDoaeaa
seem ~o play indirect. hut impor1:a11troles ill the timiDgof seascmaI fish,
abuDdaveaby their apparent influences OIl prima1:'yproduc.tiOlleye-les and
reproductive success in fishes. The upper reef-slope fish c,,"","'uity in
general exhi.bits a persistent structure that has evidently evolved in
resp0ll88 to a predictabla ellvirODlllentof relative climatic atabU:1ty. 'the
applicability of the "iDtermec11atec1isturbazu:ehypothesis" to 1IlObilaanimals
is demonstrated.by fishes across depth au the upper reef slope.

CONCLUSIONS

, "

collected on larger spatial scales and after lODginter-census periods.
Less variability may also result from co~par1soDs of between-year censuses
for a single month than from comparisonsof monthly censuses made within a
single year.

The trend in observed overall species riChness across depth (Tables 1 and 2) ,
raises an interesting poiDt concerning the diversity of coral-reaf fish ...
The lower species riclmass found at 30 11 in the p1:'uaut.study would b.
expectecl since snatar e.uvircmmantal.subility (or conditions of relatively
less frequent and, lass intense aatUral. disturbances) would. allow tu forces
of c:ompetiti01land predat:1ollamangspecies to acl: re.latively more
coutinuaualy over langer perioda of tima. Arasult of this wou14 be the ,
el1m111Pticm of less fit. membus &0IIl tha commpn;U:yat. a comparatively fastar
rata. Stability aboal.ddec:nase with ucr-iDI cleptb as uatuml
dUturbaucaa primarily in the form of predadml (Talbot at aJ.. 1978) are
expected to mara fnquau.tly or mom intaaely iI1tKrt&l'tiha"'Campeti.t1va
.proeua 'by lIODSalectivalyremoviD&a greater proport1.cmof the 1110r8 fil:
.lII8IIIhen froa the C01IIIIIIDity.thereby enabl:1q a greater mDDberof apeciea to
co'a:l.st.' This would occur to il depth.above _feb: the disturbanc •• _,.
became 80 freqwm1: or iDteue that spec.iu diversity 'become.limit_ by ".
severe "eaviromDeDtal cO'l1d:l.tioIIa..In this fora'· of the "intermediate . '
d:ls1::ll:tJJmce·hypothesis" (Cmmell 1978). it: ..,. b. that the freq1JllllCT aDd --.
inteuaity of uatu%al..'cUsturbaucaaat· the ~SUJ:fac:a due to stoDlS. larp wav....
, surface c:urram:aete. are replaced by the- affects of increased ,predad.oa.OIl
tbe. submariu. terrace ciawR to • poiDt somabere nUE a depth of 18.m. w&ila.
'both of thea. sources of loc:al.i%edsmall-scale clisturbm&:e would be' apectad ,
to influence sped ... rimess. predation is likaly to 'be the mosC impOZ'tmlt '
('talbot et al. 1978). lor- the sake of com:paris01l. uta fram two other' ,
'depth-rehtad studies. wera clnwn from the literature (Gosliu&1965;
IIa1:mal.iD-ViviflD19n). In the.. studies. 'DU1Dbersof spec::1aa ware g:1VIIIl for
several depth rana"~ III order to graph all the data' together.. the llUllber
of species per depth range was usigned to the meandepth of each reported,
range. the results (rig. 10) proved to b. ramarkably c:on.sia~.



Figure 10.. Actual and Ir.f!!n s~ecie5 richness (numberof species)
observed at Asa!'!'P:. and Ipao Pt. study sites by
depth.. _ • As!."Ft. (total nc. species); • a Ipaa
Pt.. (total nc. spee~es!; 0 z Asan Pt. '(x no.
species/month); .:. =- !pac Ft. (x no. species/month);
• _ Oahu. r.!.....aii (total no. species.. Gosline

1965); 0 _' Tu1:ar·~ef. Madasascar (total no.
species. Ha~l~~-jivier. 1577).
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This job should be terminated with this report. The results of this study
suggest several possible avenues of future investigation into the
reproductive and trophic relationships amongcoral-reef fishes. Data
presented here on several recreationally important species should be
comparedwith DAYRcreel census data in order to identify possible seasonal
trends in the fisheries for these species. The information presented maybe
useful to fisheries biologists in managing inshore reef fisheries om baCh
the relatively healthy and heavily impac.tedreefs of Guam.
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