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THROUGH THE USE OF PERMANENT
TRANSECTS
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SUMMARY ) : . :
Coral-reef fishes were monitored wonthly at four upper resf-slope depths (5,
9, 18 and 30 m) at two locations on Guam between Septewber 1979 and November
: 1980. Ovarall fish density increased markedly at all depths during the
= spring and summer months, corresponding to the onset of the rainy season and
the diminishing of the tradewinds. Maximem abundancss were recorded between
May and July. A lsss proncunced increase in fish abundance occurred in the
fall. Most of tha observed sessonal variation in sbundance resulted from
Juvenile recruitment and the movements of subadults and adults of a s
relatively small group of abundant species at each depth. -Planktivores,
piscivores and benthic-invertebrata feeders, primarily in deeper water, were
largely responaible for the spring/summer peak, while the fall incresse was
significantly influenced by herbivores at shallower depths. Fluctuations of
1 fish abundance may be related to variations in the availability of food
. regources. Climatological and oceanographical phanomsna may have favorably
' influenced food rescurce availability as well as reproductive success during
B certain months. Estimates of site— and depth-related amnual variation in
: abundance and species composition of 35 ubiquitous fish species indicated
> relative constancy over extensive areas of reef. Fish species richness was
found to be greatest at 18 m. An explanation for this trend in species
richuess based on the "intermediate disturbance hypothesis™ is offered.

BACKGROUND

During the past ten years' increased emphasis has been given to studying the
patterns of seasonal and annual variation of marine reef-fish assemblages.
Such research may contribute to our understanding of basic principles
underlying the functioning of coral-reef ecosystems, as well as provide
potential practical insight into certain processes of fishery dynamics such
as reproduction and recruitment. '

During 1978 and 1979, the Division of Aquatic and Wildlife Resources (DAWR)
used a steel barge artificial reef to increase the available fish habitat
near the 18-m depth contour oun the upper raef slope. During that project,
tish counts made over a period of 20 months on the barge and along line



transects permanently placed over surrounding areas of natural reef were
used to monitor changes in the fish community. A result of the study was
the documentation of a marked seasonal fluctuation in total fish abundance
over the natural reef areas (Rock 1982). Seasonal increases among certain
species were attributed partly to the irmigration of adults and older
Juveniles, arnd partly to juvenile recruitment. Although no spawning peaks
were observed, maximum settlement of juvenlles occurred between March and
June, and the highest overall fish abundance was recorded in May. Lowest
overall abundance occurred during the winter months and reached similar
levels in both years. Anmual variability in species composition of the fish
commmity was not examined.
Since it would be quits useful for fisheries managers and other ecclogists
to know how seasonal and annmal fluctuations in fish abundance are
manifested at different depths on the upper reef slope, the-present”
investigation was undertaken. Work accomplished in this study has been
reported annually since FY 79, Since that time the project has undergone
minor revisions in its scope although its major objective has remained the
same, This account is the final progress report for Job 5 and, therefore,
supersedes all previous interim reports. It also reprasents an edited
version of an M.S. thesis submitted to the Marine Laboratory, University of
Guam. .

OBJECTIVE : e

The objective of this study is to document the patterns of seasonal and
annual variability within the conspicuous upper reef-slope fish community as
they are manifestaed along a dapth-related emvirommental gradiem: aver a
15-month time period.

PROCEDURES

Study Sites

Fighes were monitored on the upper reef slope at Asan Pt. and Ipao Pt. on
the leeward (western) side of Guam (Figure 1). Randall and Holloman (1974)
stated that this zone in the Asan area is very similar to that found near
Ipac Pt. At both sites the coral commnity showed evidence of past
disturbance from Acanthaster predation.

Fishing effort observed in the vicinity of the transects during the study
was minimal. In addition, monthly DAWR interviews of offshore anglers and
divers returning to the Agana Boat Basin after fishing pear either study
gite were relatively few both before and during the study period. Thus, the
fishing pressures that occurred at both sites during the study are estimated
to be relatively light and comparable in degree.

Transect Stations

During the spring of 1979, duplicate 50-m transects were placed along
approximate depth contours of 5, 9, 18 and 30 m at each study site. A
transect consisted of six unconnected rebar stakes embedded into reef rock
at 10-m intervals. All stakes were flagged with a piece of yellow plastic
marking tape to make them easier to locate on subsequent field days.
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Figure 1. Map of Guam showing the locations of the Asan Pt.
and Ipao Pt. study sites. 1. = Asan Pt.; 2. =

Ipac Pt.



Data for the study were recorded om a submersible microcassette tape deck.
Both the plexiglass housing for the tape deck and the special scuba
regulator mouthpiece containing the remote microphone were manufactured
under the name "Wet-Tape" by Sound-Wave Systems, Inc.

Formal monthly fish counts ware begun in September 1979. Data collection
was limited to the time between 1000 and 1400 hrs. Counts of individuals
were made for all fish species observed as much as two meters above the
‘substrate within a two-meter wide path between stakes. Dives were limited
to a maximm of two depths per day, normally paired as 30 and 5 m, and 18
and 9 m. On a single field day, both 50-m transects at each of the two
depths were censused twice (down and back) yielding monthly counts of fish
over 400 m* of reef at each depth. Four to six field days per month ware
required to cansus ths transects. Data collection was terminated with thes
November 1980 censuses. : - -

Data Anslyses i AF

The Wet-Tape recording system failed temporarily in January 1980, resulting
in the deletion of that month frum the analysis. The system failed -
permanently after Aungust 1980 so the remaining counts were compiled by hand.
Becasusae of the relatively short no-decompression time limit (25 mimutes) for -
dives to 30 meters, and since it took longer to write down cbservations than
it did to speak them, there was sufficient safe bottom time to record data
on only one pass along these transects during the last three months of the
study. These counts ware, therefore, adjusted to reflect the number of.
individuals per 400 m® before being analyzed. To make the overall analysis
more manageable, a conservatively selected subset of ubiquitous fish species
was formed. Species composing this group were selected if they were counted
on at least seven of the eight transect stations. The 35 species that
qualified were used to compare seasonal c¢limatological patterns with
observed seasonal fluctuations in fish abundanca.

Representative seasonal peak abundances for each of the most ubiquitous
species were identified by their maximum mean monthly counts. Depths of
greatest representation were chosen for each of these species based on the
highest mean number per depth when the counts for all months were combined.
In addition, each of the 35 most ubiquitous species was assigned to a
general trophic category based on Hiatt and Strasburg (1960), Jones (1968),
Randall and Klausewitz (1973), Hobson (1974), Allen (1975), and Ogdan and
Lobel (1978). Thus, trends in peak abundances across depths and ovaer months
could be related to general food habits.

Observed changes in overall fish abundance were compared with seasconal
patterns of average monthly rainfall (Fig. 2) based on 24 years of Guam
precipitation data from the National Oceanic and Atmospheric Administration
(N0AA) (1979, 1980). and with seasonal shifts in average monthly wind
patterns (Fig. 3) based on 21 years of unpublished data provided by the

U. S. Naval Oceanography Command Detachment (NOCD), U. S. Naval Air Statiom,
Guam. To examine further the influences carmivores and herbivores may have
had on the overall counts during different periods of the year, these
trophic groups were expanded to consist of 28 species each. These species
included the carnivores and herbivores within the most ubiquitous group, as
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ubiquitous group, as well as additional speciles which occurred frequently
and were of notable abundance.

Estimates of the annual variability in fish species abundance between
cousecutive years were calculated for the most ubiquitous species group
according to the method of Wolda (1978). The formzla is as follows:

1031-10311 logﬂil
where R ,

i equals the number of individuals of a speciaes connted du::h:g
‘a particnlar month in 1980, 4

Bia equals;:hemmbarof individuals of the same specias
counted in the sape month in 1979, . -

and, R, the nat reproductive rate (Andrewartha and Birch 1954) or
the gradation coefficient (Benadek 1970), equals a ratio
expressing the change in abundance from one year to the naxt.

Log R's were computed individuslly for the most ubiquitous species and
averaged to_provide an estimate of the average nat change in species
abundance (E) for the group as a whole. The magnitude of this changewas
estimated by the variance of the log R's and 13 expressed as annual
variabﬂ:l.ty (AV) (Wolda 1978) in pumbers of fish per species betwaen
consecutive years. If nearly as many species increased as descreased in
abundance between years, R would have s valoe near zero; and, if tha °
magnitude of these increases or decreases was small, AV would also be
relatively low. =

Valuas of AV were calculated for each study sits basad on the most
ubiquitous species covants which were lumped acrosa depths. AV's were
computed separately for the site-specific Saptember, October and Hovember
data and were averaged to give a mean value per site (1600 m® of reef).
Annual variability (AV) at each depth wvas calculated using the same 35
species by lumping the data from both sites and computing separata values
for September, October and November. The resulting values of AV were
avaraged across months to obtain mean values per depth (800 m® of reef).

Anmual variation in species composition within the most ubiquitous species
group was estimated for each transect depth and study site by two commonly
used similarity indices. These include the following:

. 1) - a
J a+b+c

where a equals the number of species recorded during a particular month
in both 1979 and 1980,

b equals the number of species recorded during that month
in 1980, but mot during that month in 1979,

and ¢ equals the number of species recorded during that



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

where C equals the pumber of species recorded during a particular month in

both 1979 and 1980, | A &

T, equals the nunber of species recorded during that month ia 1979,

1
and T equmls:henumbetofspeciasncordaddn:ingthetha:mthin
1980 {Smith 1973).

RESULTS -
Seasoml Variation

Allfish species counted during the :tudyanlistedbyaiumidepthin
Tables 1 and 2. An increase in overall fish abundance occurred at all
depths during the spring and summer months, with maximum menthly counts
recorded in May, June and July (Fig. 4). Although there were some
variations in these seasonal trends at each depth at tha two survey areas,
in general the patterms at Asan and Ipao were similar (Fig. 5). Most of ths
cbserved seasonal increase in fish abundance is primarily attributabla to a
relatively small group of species which are well represented at each statiom
(Table 3). In every case, however, other important but less gbundant |
species also contributed to the overall fluctuations. Species that were
among the most influential at each depth during the entire :lnves::lgatian are
shoun Figas. 6a-n.

An examination of the 35 most ubiquitous species (Table 4) reveasled a
bimodal pattern of seasonal peak abundance (Fig. 7). More of these
ubiquitous species peaked in May and November than iz any of the other
montha. Also, tha majority of the May peaks (57%) occurred at 18 and 30 m,
while 71Z of the November peaks were recorded at 5 and 9 m. Hineteen of the
ubiquitous species were assigned to a general carnivore group which included
planktivores, piscivores and benthic invertebrate—feeders; nine were listed
as herbivores; and seven were categorized as ommivores (Tabla 5). Within
the carnivore group, 13 species were observed to peak in abundance at either
18 or 30 m (Table 6). Not surprisingly, most of the herbivores peaked at 5
and 9 m, while the recorded peak abundances among the ommivores were almost
equally distributed. The monthly fluctuations in numbers of peaking specias
per trophic category strongly suggests a temporal partition in peak
abundance between carnivore and herbivore groups (Fig. 8). When the
carnivore and herivore groups were expanded to include 28 species apiece,
the resulting overall pattern in temporal partitioning remained just as
strong (Fig. 9).

Although the relaticnships were less clear at 5 m, fluctuations in overall
fish azbundance (Fig. 4) seemed to be positively correlated with rainfall
(Fig. 2) and negatively correlated with windspeed (Fig. 3). The expanded
carnivore and herbivore data were tested to see if rainfall might be a
factor influencing the timing of the observed peak abundances. While the



Table 1. Fish species seen on Aszn Pt. transects frocm September 1979
through Novembar 198C. * = sesn cnly on Asan Pt. transects.

LEPIR (m)
FAMILY/SPECIES 5 9 18 30

ACANTHURIDAE (Surgeonfishes)

Acanthurus glaucoparieus Cuvier

'A. Tineatus (Linnaeus) . -
A. mata Cuvier . -
- R. nigrofuscus (Forsskal) ;

%_'. c:'hi vaceus Bi‘oc}; & Schneider -

‘ gzro?erus Kittiitz

A. triostegus {Linnaeus)
iCtenochaetus striatus {(Quoy & Gaimard)

Nasoc bDrevirostris (valenciennes)

N. hexacanthus (Bleeker)

. H. Tituratus (Bloch & Schneidar) - X
*Paracanthurus hepatus (Linnaeus)

gr:asoma: Tlavescens (Bennett) -
Z. veliterum (Bloch) _

APOGONIDAE (Cardinalfishes)
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*Apogon novemfasciatus Cuvier ) S
Ege'l;'ladi pterus quinguelineatus (Cuvier) 3 . X

AULOSTOMIDAE (Trumpetfishes)
" Aulostomus chinensis (Linnasus) X R
BALISTIDAE (Triggerfishes)

Balistapus undulatus (Park) X
BaTistaides conspicillum (Bicch & Schneider) X

*B. viridescens (Bloch & schneider)

MelVichthys vidua (Solander) X X
*Odonus niger (Ruppell)

i’seu&'abahi stes flavomargiratus (Ruppell)
*Rhinecanthus echarpe (Lacenzce)
SuTflamen bursa (Bioch & Scknaidar)

S. chrysopterus -(Bloch & Schreidar)

BLEMMIIDAE (Blennies)
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Aspidontis taeniatus (Quoy & CGairmard) X
Ecsenius bicolar (vay)

Meiacanthus atrodorsalis (Gunthar)
Plagiotremus tapeinosoma {B8leaker)

> € >




FAMILY/SPECIES

9

DEPTH {m)
18

30

CARACANTHIDAE (Velvetfishes)

*Caracanthus maculatus (Gray)

CARANGICAE (Jacks,Pompanes)

*Caranx melampyqus Cuvier *

CHAETQDONTIDAE (Butterflyfishes)

+

Chaetodon aurigqa Forsskal
_c_f. citrinellus Cuvier
. ephippium Cuvier
€. 1unuEa (Tacepade)
€. mertensii Cuvier
€. ornatissimus Cuvier ’
C. punctatofasciatus Cuvier
€. reticulatus cuvier
€. trifasciatus Park
€. ulietensis cuvier
€. unimaculatus Bloch
Forcipiger tlavissimus Jordan & McGregor

E._ Tongirostris Tﬁmussone'(c) ,
emitaurichthys polylepis {Bleeker
Heniochus Eﬁgxsostumus Cuvier

H. sinqularis smit adcliffe
Meqaprotodon trifascialis (Quoy & Gaimard)

CIRRHITIDAE (Hawkfishes)

Cirrhitichthys falco Pandall

Neocirrhites arrmatus Castelnau

Paracirrhites arcatus (Cuvier)

P. forsteri (Blech & Schneider)

GOBIIDAE (Gobies)

Nemateleotris magnifica Fowler

Poganoculius zebra Fowier

Ptereleotris evides (Jordan & Kubbs)

Valenciennea stricatus (Brousonnet)

HOLOCENTRIDAE (Scuirrelfishes)

Adioryx caudimaculatus (Ruppell)

Flammeo sammara (rorsskal)
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DEPTH (m)
18

FAMILY/SPECIES 5 S 30
LABRIDAE [wrasses)
Anampses caeruleopunctatus Ruppell X
A. meleagrides Vaienciennes X X
A. twisti (Bleeker) X
BodTanus axillaris (Bennatt) B X’
Cheilinus chlorourus (Bloch) o S § ) 4
asciatus (Bloch} . X St S ) 4
€. unifasciatus Gunther X X X X
€. Erilobatus Lacepede X. Xx - X X
C. undulatus Ruppell X- R
'C'irrEilaErus sp. Xi ©OXes WX X
or1s Coris gaimard (Quoy & Gaimard) AR A ) ) 4
Epibulus insidiator {Pallas) X > 4T 4 =3 4
Go ?gﬁﬁsus varius Lacepede X X i 3
alichoeres biccellatus Schultz 2 9% ek
urtu anus (Lacepede) X a X X
FL margaritaceus (Vaienc1snnes) X X
. marginatus Ruppell X X Xe
. Sp. X =
Remi us melapterus (Bloch) } ST ¢ X
Hologymnosus Hoiiatus (Lacapede) X X X X
Labroices bicolor Fowler & Bean X X ) 41
L. dimidiatus (Valenciennss) X X X X
Tabropsis micronesica Randall X,
h, xanthonotus Randall ( ) X X
acropha n;oacn meleagris (Valenciennes X X X
*Novaculicﬁthx__taen1ouru= {Lacepeds) X X .
Pseudocheilinus evanigus Jordan & Evermann X X X
. hexataenia (Bieeker) X X
Stethojulis bandanensis (Bleeker) X X X 41
Thalassoma amblycephalum (31eskar) X X
T. lutescens (Lay & Benrnett) X X X X
T. quinguevittatum (L2y & Eennett) X X
*Labrid sp. 1 X
*[abrid sp. 2 X
LETHRINIDAE (Emperors)
*Menotaxis grandoculis (Forsskal) ) 4
LUTJANIDAE (Srappers)
*{utjanus bohar (Forsskal X
X

*L. rivulatus {Cuvier & Vzizanciennes)



FEMILY/SPECIES

9

DEPTH (m)
18

30

MALACANTHIDAE (False Whitings)
*Malacanthus brevirostris Guichenot
MONACANTHIDAE (F'.i'lefishes)
- *Cantherhines dumerili (Hollard)

. pardalis (RKuppe G
Paraluteres prionurus Bleeker
AVE melanocegha?us (Bleeker)

tI‘E.IE-EIL(JIDIBJ'-’.E {Sand Perches)

Parapercis clathrata Qgilby
MULLIDAE (Goatfishes)

Mulloidichthys flavolinsatus (Lacepede)

arupeneus bivasciatus (Lacepede)
P. chryserydros ?}cepede)
P. pleurostioma (Bennett)

P. trifasciatus (Lacepede)

MURAENIDAE (Mcray Eels)

*Lycodontis richardsoni (Bleeker)

OSTRACIONTIDAE (Bexfishes, Cewfises)
Ostracion melsaqris Shaw

POMACANTHIDAE (Angelfishes)

Apclemichthys trimaculatus (Cuvier)
*Centropyce bicolor BIOCh

C. ?!aw:ssimus {Cuvier)

€. heraldi woods & Schultz

€. shepardi Randall & Yasuda
Pygoplites diacanthus {Boddaert)

PCMACENTRIDAE (Camselfishes)

Amphiprion clarkii (Benrett
Chromis acaras kandall & Swerdloff
€. ambcinensis (Bleeker)

C. maraaritiier Fowler
Chrysiptera leucopomus (Lesson)
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DEPTH (m)
FAMILY/SPECIES 5 9 18 30

C. traceyi {Woods & Schultz)
Dascyllus reticulatus {Richardscn)
D. trimaculatus (Ruppell)
Plectroqlyphicedon dickii §L1enard))

*p, imgarigennis (VaTliant & Sauvage :
_P. Jonnstonianus Fowler & Ball -
P. lacr'rmatus {Quay & Gaimard) _B.
'Fomacem.rus vaiuli Jordon & Seale :

Pomachromis quamensis Allen & Larson
Ste astes rasciolatus (Ogilby)

| SCARIDAE. (Parrotfishes)

"
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*Bolbometopon muricatus (Va]enc1ennes) X
Cetoscarus bicolor (Ruppell)
Scarus brevitilis {Gunther)

8. ghobban Forsskal g y
$. qibbus Ruppell : .

#3. oviceps Valenciennes
S. psittacus Forsskal

_'g_. rubroviolacsus &B‘Ie)eker)
. schlegall (Bleeker

S. sordigus Forsskal

SCORPAENIDAE (Scorpionfishes)

»
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*Synanceia verrucosa Bloch 3 Schreider X

SERRANIDAE (Groupers)

*Cephalopholis argus (Bloch & Schreider)

C. urodelus (Sloch & Schneider) X X X
Epinephelus fasciatus {Forsskal) 4 )4
*Plectroporus maianoleucus (Lacepede)

Variola louti (Forsskal)

SIGANIOAE (Rabbitfishes)

>4 € D€ 24 4

Siganus argenteus {Quoy & Gaimard) X X

SYMOGONTIDAE (Lizardfishes)

Synodus variegatus (Lacepade) ) § X X



DEPTH (m)
18

FAMILY/SPECIES 5§ 9 30
TETRAODONTINAE (Smooth Puffers)
Arothron nigropunctatus (Bloch & Schneider) X
Canthigaster bennett1"(81eeker) X X
f. coronata (valliant & Sauvage) X '
janthino tera (Bleeker) X .
Ti.solanari (Richardson) - X X X X
€. valentini (Bleeker) s : o
ZANCLIDAE (Moorish 1dols) :
. Zanclus cornutus (Linnaeus) XX X &
Total No. Families 29 17 21 21 23
Total No. Species 155 78

92 .- 9



. Table 2. Fish species seer cn I-20 Fit. trarsects from September 1979
through November 1%23. = = s=ap only on Ipao Pt. transects.

BEPTH {m)
FAMILY/SPECIES , 5 S 18 30

ACANTHURIDAE (Surgeonfishes)

Acanthurus glaucoparieus Cuvier
A. hneafus {Linnaeus) i
_} mata Guv: u\ner( ! : :
. nigrofuscus (Forsskal
- ohivaceus Eloc!li & Schneidar
pyroterus Kittlitz
1 'A'. trioste (Linnaeus)
Ctenochaetus binotatus Rardih
C. striatus (Quoy & Gaimard
Naso annulatus {Quoy & Gairard)
N. brevirostris {Valencienres)

N. hexacanthus {Bleeker) .
N. Tituratus (Bloch & Schneider)
*N. unicornis (Farsskal)

*K. vlamingl (Valenciennes)
, Zebrasoma rl"lavescens (Bennatt)
Z. veliterum (Bloch)
APOGONIDAE {Cardinalfishes)

et
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*Apogon Sp.
eijlodipterus guinguelinsatus (Cuvier) X
*C. macrodon (Lacepade) X X

. AULOSTOMIDAE (Trumpetfiskes)

Aulostomus chinensis (Linnzews) X X X X
BALISTIDAE (Triggerfishes)

Balistapus undulatus (Park)}

BaTistoides conspicillum (3icch § Schreicdar)
MeTichthys vidua (3ciancer)

Pseudobalistes Tlavomarginatus (3u=gell)
*Rhinecanthus aculeatys (Linfasus)

Sufflamen bursa (Bloch & Schraidar)

8. chrysoptarus (Bloch & Sch:-e)dsr)

BLENMIIDAE {Blennies)

2 e <

St I M
M

. Aspidontis taeniatus (Qucy % Gzirard)
Ecsenius bicolor (Day)

*Exallias brevis (Kner) X

Melacanthus atrcdorsalis /Zinsha-) X
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FAMILY/SPECIES

9

DEPTH (m)
18

30

"lagiotremus tapeinosoma {Bieeker)
jlenniid sp.

:SIONIDAE (Fusiliers)

Jterocaesic chrysozonus (Cuvier)
»

AETODONTIDAE (Butterflyfishes)
Chaetodon auriqa Forsskal
. bennetty Cuvier
citrineilus Cuvier
ephippium Cuvier
lunuia {Cacepede)
ein1 Bloch
Tineolatus Cuvier
Tunula Lacepede !

C.
€. mertensii Cuvier
%. ornatissimus Cuvier

oI

o

L ]

punctatofasciatus Cuvier
guadrimaculatus Gray

€. reticulatus Cuvier

C. trifasciatus Park

€. ulietensis Cuvier

%. unimaculatus Bloch

rC. vagabundus Linnaeus

Forcipiger flavissimus Jordan & McGregor
F. Tongirostris (Broussoret)
Pemitaurichtnys polylepis (Bleeker)

seniochu; chrysostorus cuvier
egaprotadon tritascialis (Quay & Gaimard)

IRRHITIDAE (Hawkfishes)

Cirrhitichthys falco Randaiil

Negcirrhites armatus Castelnau
Paracirrnites arcatus (Cuvier)
P. forsteri (EToch & Schneider)

ISTULARIIDAE (Coronetfishes)

*Fistularia commersonii Ruppell

OBIIDAE (Gobies)

Herateleotris magnifica Fowler
Pogcnoculius zscra Fowler
Pterelaoctris evidas (Jordzr & Hubbs)
Vaienciennea strigatus (Brcuscnnet)
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DEPTH (m)
18

FRMILY/SPECIES 5 9 30

HOLOCENTRIDAE (Squirrelfishes)

Adioryx caudimaculatus (Rupgpell) _ X
*A. spinifer (Forsskal)
Flammeo sammara (Farsskal)

*Myrpristis sp. g X
KYPHOSIDAE (Rudderfishes) :

>t 2< >< ¢

.”-

*Kyphosus cinerascens (Forsskal) _ <
(ABRIDAE (Wrasses)

gnamg?es qggru]sqguncgatus Ruppell
. meleagrides valenciennes
A. 1:1«11'51:1i (Bleeker) :
Bodianus axillaris (Bennett)
Cheilinus chlorourus (Bloch)
C. fasciatus (Blcch)
€. unifasciatus Gunther
C. trilobatus Lacepede
T. undulatus Ruppell
*Cheiljo inermis (Forsskal)
‘%irrEiIaErus s?d . 2 .
oris gaimard {Quoy & Gaimar
Epibulus insidiator (Pallas)
Gomphosus varius Lacepeds
Halichoeres biocellatus Schultz
H. hortulanus (Lacapecs)
H. marqaritaceus (Valencienres)
%% marginatus Ruppell
. Sp.
Hemigymnus melanterus (Blcck)
Hologymnosus gniiatus (Lacepede)
Labroides bicolior Fowler & Baan
L. dimidiatus (valenciennes)
Tabropsis micrenesica Rancall
L. xanthonotus Randall
Macropharyngodon meleaqris (Valenciennes)
Pseudocheilinus evanidus Jordan & Evermann
P. hexataenia (Bleeker)
Stethojulis bandarensis (31caker)
Thalassoma amblyceohalum (Bleeker)
*T. fuscum (Lacepace)
T. Tutescens (Lay & Bannett)
T. quinquevittatum (Lay & Beanmett
*Labrid sp. 3
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FRMILY/SFECIES

*Labrid sp. 4
*(abrid sp. 5

LETHRINIDAE (Emperors)

*Gnathodentex aureolineatus (Lacepada)
*Lethrinus semicinctus valenciennes

LUTJANIDAE (Snappers)
* *Lutjanus fulvus (Bloch & Schreidar)
HlWsSps
3 *Macolor niger (Forsskal)

MONACANTHIDAE (Filefishes)

*Amanses scopas (Cuvier)
Cantherhines pardalis (Ruppell)

-

X
X

*ﬁxgm$nacantﬁus ongirostris (Blech & Schneidar)

arajuteres prionurus Blasker

E. meTanccephalus (BTeeker)
MUGILCIDIDAE (Sand Perches)

Parapercis clathrata Ogitby
MULLIDAE (Goatfishes)

%u1loidichthvs flavelireatus (Lice;sde)
*Parupeneus barberinus {Laczrneds

P. bifasciatus (Lacepeda) "

P. chryserydros (Lacepede)

%;. pleurostiara (Bennet:)

tritasciatus (Lacepsce;

* MURAENIDAE (Moray Eels)

*Gyrmothorax sp.

OSTRACIONTIDAE (Bexfishes, Cowfishas)

*(Qstracion cubicus Linnasus

0. meleagris Shaw
PEMPHERIDAE (Sweepers)

*Pemnharis cualensis Cuviszr
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DEPTH (m)
FAMILY/SPECIES 5 9 18 30

POMACANTHIDAE (Angalfishas)

Apclemichthys trimaculatus (Cuviar) X
E flavissimus (CLVier)

heraldi Woods & Schultz
_E_'. hepardi Randall & Yasuda
*Pomacanthus imparatar (Bloch)
PygqopTlites diacanthus (Boddaert)

- POMACENTRIDAE (Damselfishas)

I M
P ¢
TR o X o B o]

Amphiprion clarkii (Bennett)

Chromis acares Rand2ll & Swerdicff :
. agilis smith ' . X X

€. amboinensis (Bleeker) X -

>¢ ¢
ta ko

%' margaritizer Fowler ( )
siptara leuccocmus {(Lesson

C. traceyi (Woods & schultz)
*Pascylius aruanus (Linnaeus)

B. reticulatus (Richardson)

D. trimaculatus (Ruppell)
Plectroglyphicodon dickii (Lienard)
'_g_.—'o nstoniarnus rowler & Ba]';

acrymatus (Yuoy & Gaimard

Pomacentrus vaiuli Jordon & Seale
Pomachromis cuac=nsis Allen & Larson
Stegastes fasciclawus (0gilby)

BN PIC P
<

PE DI PEDE D D€ ¢ D€ 2 3¢
PEIEDE  PEDC PC DEDEN

SCARIDAE (Parrotfishes)

*Calotormus sardwichensis (Valenciennes)
Cetoscarus bicalor (Kuppell)
*Hippascarus lenciceps {Valenciennes)
Scarus brevitilis (Gunther)

§. ghcbban Forsskal

s. cu'bSus Ruspsail

3. psittacus Forsskal

% rubroviolaceus (3leeker)
3.

schiegeli (8leeker)

sordidus Fariskal
*S. Tricolor Blaseker
*Jcarid sp.

24 2< 2L € D 2 W >t
MM PN X
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MoK

SERRANIDAE (Greupsrs)

Cephaloshalis uradalus {Bloch & Schreider) X X X
Epirephelus tesciatus (Forsskal) X X




BEPTH (m)

Total No. Species 176 165 114

FAMILY/SPECIES 5 9 18 30
*E. merra Bloch X X
Variola Jouti (Forsskal) o 3
SIGANIDAE (Rabbitfishas) :
Siganus aggen-teus (Quey & Gaimard) = - 1 B TR0
. SYNODONTIDAE (Lizardﬁshes) y
" #*Synodus gracilis (Quoy & Gaimard) . X
Synodus varieqatus (Lacapeds) X ) & X
TETRAGDOWTIDAE (Smooth Puffers) : >
Arothron nigropunctatus (Blach & Schneider) X X
Cantﬁlg' aster pernetti (Blaekar) X X
% corunata {ValTiant & Sauvage)
Janthinoctera (Bleeker) X X )
. . ‘Solandri {Richardsan) X X X X
. valentini (Bleeker) X X X 3
ZANCLIDAE (Moorish Idols) _
Zanclus cornutus (Linnaeus) X X X X
Total No. Families 23 721 23 26 .25
117 87
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Table 3. Most inTluentially atundant fish species { 2500 individuzls)
countsd at each transect station during the entire stugy.
Murbters equal total number counted at a particular station.
ASAN PT. IPAO PT.
5 m: 5 m: |
Chrysiptera leucopomus 2720 tegastes fasciolatus 3584
Thalassoma guincuevictatum 2055 Plectrocliyphidodaon dickii 2607
Plagiotremus tapsingsoma 613 T. quinguevittatum 842
Ctenochaetus striatus 549 Acanthurus nigrotuscus 675
9m 9m: | :

-. Pomachromis quamensis 4439 P. quamensis 2133
Dascylius reciculatus 3044 I3 gasc{olatus 1480
7. quinguevittatum 1636 -~ 1. quinquevittatum 959
€irrhilabrus sp. 1485 B. reticulatus 792
S. tasciolatus 1261 Pomacentrus vajuli 685
Plectroglyphidodon - :

johnstonianus 921 P. johnstonianus - 568
A. nigrofuscus 535 K. nigrofuscus 524
18 m: ' 18 m: ' o <
Cirrhilabrus sp. 3123 Chrysiptera traceyi 3014
D reticulatus 2668  Plectroglyphidodon - o

lac tus 19
P. guamansis 1127 B va%uii 2140
P. valuli 805 A. nigrofuscus 629
30 m: 30 m:
P. vaiuli 2598 C. traceyi 4504
€. traceyi 1237 F. va1'uh! 734

Total No. Species = 14
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Table 4. Most ubiquitous Fisk species (counted at 7 or 8 transect
stations) seen curing the study in order of total abundance.

SPECIES ° No. Stations Total Mo. Counted

Pomacentrus vaiuli 8 7387
Dascyllus reticulatus 7 7047
AEir#i'laErus s;‘a‘;f g 3513

canthurus nigrofuscus g 880
Scarus sordidos ; . 8 1811
Ctenochaetus striatus 7 1744 -
Scarus psittacus 8 ~ 1009
Meicant % atrodorsalis ; g;é
Scarus sc egell
Naso 1ituratus 8 © . 841
Acanthurus glaucoparieus 8 492
Parupeneus trifasciatus 8 435

aetodon citrinellus 7 . 416
Thalassoma lutescens ' 7 404
Canthigaster solandri 8 B k18
Zanclus cornutus 8 - 359 .
Sufflamen bursa 8 347
Parapercis clathrata 8 337
§tetEo julis bandanensis 8 292 |
Thaetodon punctatotesciatus 7 288
Labroides 51':“1'31' atus 8 280
GChellinus unifasciatus 8 274
Sufflamen chrysopterus 7 214
Cephalopholis urocsius 7 201
Halichoeres hortuianus ; 156
Forcipiger flavissimus 124
Heh’chtgys vidua 8 112
Thaetodon reticulatus 8 104
Balistapus undulacus 7 93
Ralichoeres marginatus 8 88
Epibulus insiciatcr 5 -74
entropyge T1avissimus 7 71
Theilinus trilobatus 8 59
Parupeneus bifasciatus 7 56
Parupereus chryseredros 8 51

Tota1 No. Species = 35
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NHumber of reprasentative peak abundances recorded
each month (based on maximum mean monthly counts)
within the most ubiquitous species group.



Table 5. General trophic catzgoriss %c whic ..ihe members of the;wgzg

ubiquitous speciss group wers assigrsd. Species are 'S

in decreasing orcar G+, total atundarce relative to 22U
category.
CARNIVORES HERBIVORES OMNIVORES
Cirrhﬂabrus Sp. Acanthurus niqrofuscus Poracentrus :&a-'i-u-lra-tu s

Meicanthus atrodorshis 3Scarus sordicus Dascyllus

Parupeneus &i7 asci#us -Ltercch2etys striatus Eﬁaezo'd’on n

Thalassomal B esCens  SCarus DSIctacus Canthi aster so-andll
Eﬁaetogon

Zancius cornutus = SCarus SChi2celd _
3u??1ameq_5ursa Taso lituratus unctatofasciatus
Parapercis clathrata = Acanthurus - Feiichfﬁ s vidua .
Jtethojulls bandanenss T2ucccarieus Balistapus undulatus
[aErm'ges dimdl_atus  Chastodonm raticulatus .

Cheilinus unifasciatus Centropyce T1avissimus

amen Chrysopterus

Cephalopholis urodelus

Hiﬁicﬁaeres hortulanus

TForcipiger f1avissimus '

Halicﬁoeres  marginatus | :
ujus insidiator -

Cﬁeilinus Trilobatus

Parupeneus hitasciatus - :

Parupeneus chryseredros il 5 )

No. Species/Group = 19 5 . 7
Total No. Species = 35 3

Table 6 Number of species czr gesnaral troshic category (within the
most ubiquitous species group) that peaked in mean abundance
at each transect dszth.

Trophic Category Transact Depth Taotal No. Species
B Cm 18m 30m
CARNIVORES ' 3 3 8 5 19
34 - Bgni
HERBIVORES 6 Z 1 Q. 9
) ) -z -1
OMMIVORES e 3 1 3 7
&y —5/7

Total No. Species = g 8 10 8 35
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Figure 8. Number of representative peak abundmcu recorded
each month (based on maximm mesn monthly counts)
among carnivores, herbivores and aomnivores within
the most ubiqui.:ans species group. 'rotal mmbp_-
of species = 35.

i e carfivores ‘
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Fi gura 9. Number of representative peak abundances recorded
each month (based on maximm mean monthly coumts)
among equal numbers of carnivores and herbivoras
within an expanded ubiquitous species group.
Total number of species = 56.



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 expanded herbivore group that were the
major contributors (chi-square for 2 classes, p< 0.0l) to this increase
(Table 8). Chi-square test for more than two classes alsc supported
(herbivores, p< 0.05) this result (Table 9). When the carnivore and
herbivore data were segregated into quarterly intervals, it was found that
these periods were not homogenaous (G-statistic [GH]’ p< 0.025) in their
expected ratios of mumbers of species peaks per trophic category; and it was
the October-December period that was significantly different (G-statistic
[G), p< 0.05) (Table 10). Therefore, although the combined fish abundance
represented by both trophic categories was greatest during the rainy. season,
the expanded carnivore group increased early and peaked befors the month of
maximum rainfall, and the expanded herbivore group did not increase
significantly until after the rainiest month had passed. Thus, tha ssasonal
fluctuations among the more ubiquitous and abundant fish species appeared to
follow a depth-related pattarn that was probably related to food resources.

" 2"
The first species noted to recruit in appreciable numbers during 1980 was
the planktivore Pomachromis guamensis (Fig. 4a), which settled stronmgly in
March at 9 and 18 m. Other relatively abundant plapkton-feeders that
recruited between March and June included the ominvores Dascyllus
reticulatus, Pomacentrus vaiuli, msigtera trac and, as juvenilss,
Cirrhilabrus sp. (Fig. 4b, ¢, d and e, respectively). Along with other less
abundant planktivores, such as Nemateleotris magnifica and Ptereleotris”
gvides, these species probably reprasentad a significant food resocurce for
sevaral piscivores. In fact, maxirum mean monthly counts of the groupers,
Cephalopholis urodelus and Epinephelus fasciatus, the hawkfishes,
Cirrhitichthys falco and Paracirrhites forsteri, the sand -perch, Paragercis
clathrata, and the wrasses, Cheilinus trilobatus and C. unifagciatus, ware
all recorded betwean February and June. Piscivore increases observed during
these months were mainly due to the appearances of subadults and adults and
additionally included sporadic sightings of larger groupers, snappers and
wrasses, such as Variola louti, Lutfanus bohar and Cheilinus undulatus.
These latter species are deepsr-water predators that may have undergone a
seasonal vertical migration in response to increased prey abundance on the
upper reef slope (Kock 1982).

Several benthic invertebrate-feeders also exhibited peak abundances during
the same period. Increases among these species were primarily due to
juvenile recruitment, but c¢lder juveniles and adults were also commonly
encountered. They included the boxfish, Ostracion meleagris, the
triggerfish, Sufflamen bursa and the wrasses, Coris gaimard, Gomphosus
varius, Halichoeres hortulanus, H. marginatus, Macropharyngodon meleagris,
Stethojulis bandanensis and Thalassoma quinquevittatum (Fig. 4f), amidst
others. These species also many have peaked during a time of expanding food
resources since the strong planktivore fluctuation suggests the presence of
abundant plankton, upon which may benthic iovertebrates are known ta feed.
However, data directly supporting this was not collected during the study.

Of the 14 ubiquitous herbivores that peaked in sbundance during the
October-December period (Table 10), eight (Acanthurus lineatus, A.

nigrofuscus [Fig. 4g], A. triostegus, A. pyroferus, Naso lituratus, N.
unicornis, Zebrasoma flavescens and Z. veliferum) were browsing and two




Table 7. Two-by-two test ¢ irdzpendence using X2 (Sokal and Rohlf
186%) to daterminz i¥ overall fish zbundance! of equal num-
bers ¢f carnivares end herbivores was signifTicantly greater
during the wet sezson (X rainfall > 12.5 cm/month}. Data
not collected durirng Jernuary.

DRY SEASON WET SEASON
January-May June-Dacember 1 Total -
Carnivores 13 , ._ 15 - : T 28
- Herbivores 3 L 26 - : 28
17 39 - 56
X2 = [{13 24) - (15 - 4)] S8
X X X

= §.842%~

** =2 p< (.01

1Basec! on numbers of maximum monthly mean counts within each tfophic
group.



Table §&. Two class tests cf indzpendence using X2 (Sokal and Rohlf
* 1889) to determine iT either ﬁarnivores or herbivores were
sigrificantly more abundant' during the wet season
(x rainfall > 12.5 cm/month). Oata not collected during
January.
CARNIVORES: <
- {f-f)z .
f f f-f (f-F)2 7
Dry Season i : b
{Jan-May) 13 14 =11 Vi Tt 0.071
Wet Season | ' I
{Jun-Dec) 15 14 1 1- 0.071
4 28 28
Xz = (13 - 14)2 + (15 - 14)2 .
14 13 5 :
= 0.142 ns A Liy” ol
HERBIVORES: ) z
R ¥ A - (f-f)2
f f f-f {f-T)2 ¥
Dry Season
{Jan-May) 4 14 -10 100 7.143
Wet Season i
(Jun-Dac} 24 14 10 100 7.143
£ - 28 28 °
X2 = (4 - 14)2 + (24 - 14)2
14 14

= 14,286%*

ns = p >0.05 ** = p <0.01

1

Based on the numbers of maximum monthly mean counts of 28 carnivores

and 28 herbivares.



Table 9. rests ¢f indeszrisrce Tor crezter than two classes using X2
(Sokal and RchiF 13£8) %o d=termine if fish abundance! of
r hsrbivores wes significantly greater

e1ther carmvc* 5 6
=r

CARNIVORES: | g
S A § . {£-f)2
£ £ =F  (F-F)2 Py
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 6.948 0.910
{Oct-ﬂec 5 _7.635 -2.635 -6.848 0.910
2 27999 :
X2 = (4 -5, 09112 + (14 - 7.5351= +(5-7. 53512 + (5 7. 53512
= 7 358 ns
HERBIVORES: ' T =
e . s . {e)e
£ f ££F (£-F)2 7

Feb-Mar 1 5.0°1 -4.091 16.736¢  3.287

Apr-Jun 6 7.648 -1.636 2.676  0.350

Jul-Sep 7 7.635 -0.636 0.304  0.053
12

Oct-Dec 7.635 6.364 40.500 5.304
L z8  27.95% :
X2 = (1 - 5,091)2 + (6 - 7.835)2 = {7 - 7.635)2 + (14 - 7.636)2
1 7.638 7.636 7.636
= §.994* .

ns = p >0.05 *=pg <0.065 -

1Based on the numbers of maxirum monthly mean caunts of 28 carmivores

and 28 herbiveres.



Table 10. Two-by-two test of indapsrésrce usirc ths G-statistic (Sckal
and Rohlf 1958) to ¢=z*2rmina if Tish zhurdancel of equal
numbers of carnivsrss and herbiveras was sigaificantly
greater during quartsriy fericds of the year.

MONTHS CARNIVORES EEFSIVORES b A G’
Feb-Mar o ks 1 5 . 1.927
Apr-Jun . 14 6 ° . 2o r 3.281
Jui-Sep 5 . 7 g/ . 4 ' 0.335
Oct-Oec S 14 2 S 4.435%

ip 28 _ 28 19 9.992

€, = 2 [115.905 - 186.603 - 153.725 + 225.419]
=9.99¢m . |
?P = 2 [186.603 + 18.408 + 16,408 - 225.419] E
' =0

L)

*:p (0_,05 ** 2z p< (.01

1Based on numbers of maximuz monthly c2an counts within each trophic group.



(Acanthurus mata and Ctenochaetus striatus [Fig. 4h]) were grazing
surgeonfishes; two (Scarus brevifilis and S. psittacus [Fig. 4i]) were
grazing parrotfishes; and one each (Centropyge £lavissimus and Chaetodon
reticulatus) were browsing angelfish and butterflyfish, respectively. Of
the ten browsers eight are surgeonfishes that were most abundant at 5 m.

Although they were not uncommon, juvenile surgeonfishes seemed generally low
in representation on the reef slope. Most of the largest incréases in
surgeonfish abundance were due to the presence of subadult/adult
mixed-species foraging aggregations that appeared to be most numerocus and
mast fraquent during the fall. The most conspicucus species included
Acanthnrus glaucﬂareis, A. pnigrofuscus, A. triostegus, and N. lituratus.
In contrast, the majority of the newly recruited juvenile browsers obsaerved
during this study wera territorial damgelfishes that genarally peakad in
overall asbundance during the spring/summer months on the reef frout and
upper submarine terrace. The most important of these species included
Chriysiptera leucompomus (Fig 4j), Stegastes fasciolatus (Fig. &k),
Plectrogiyphidodon dickii (Fig. 41), P. lacrymatus (Fig 4m) and P.
johnstonianus. Juvenile enile parrotfishes wers encountared at a rather moderate
frequency, often in small groups (10-20 individuals) or as part of larger
(100-200 individuals) mixed-species foraging aggregations. Howaver, there
wera no strong relationships between parrotfish abundance and specific
depths or reef zones. S. brevifilis and‘'S. psittacus peakad during the
October-December per.l.od while peak abundances wers recorded for Ce:omm
bicolor, Scarus rubroviolacegys, S. schlegell and S. sordidus (Fig. 4n)
betweenr May and August. The latter species, however, showed strong
increases in the fall, and along with S. psittacus and S. schlegeli often
formed substantial portions of foraging aggregations. Since the reef slope
algal biomass did not fluctuate noticeably during this study, there ssems to
be no diract relationship between fluctuations in herbivorous fish abundance
and food resources on the upper reef slope. But again, data directly
supporting this was not collected during the investigatiomn.

Anmual Variation

Annual variation in the counts of the 35 most ubiquitous fish species was
estimated with data collected during the months of September, October and
November, 1979 and 1980. The counts of these specias were lumped across
depths and analyzed by site. Values of R calculated from the September
data show that net decreases in abundance occurred between years in most
species at both sites; but based on the October and November data sets these
values showed net increases between years at both sites. Values of AV
calculated for both sites were generally low, ranging from 0.06 to 0.17,
indicating that relatively little overall changa in ranked fish abundances
bad occurred between years. Within the 1600 m™ area surveyed at each site,
the most ubiquitous upper reef slope fishes show fairly stable abundauces
from year to year (X AV Asan and Ipao = 0.1l and 0.09, respectively).

Annual variation was estimated for each depth by lumping depth-specific data
across sites. The mean log R's (R) among months for the 35 ubiquitous
species show net decreases to have been prevalant between years in the
September data, while net increases are found in the October and November
data sets. Comparisons of R among depths indicate that the most

widespread increases in abundance between years occurred at 18 m. The



calculated values of AV range from 0.03 to 0.23, with comsistently higher
values at 18 m. Table !l summarizes the values of R and AV caleculated for
each study site and depth for each pair of months. The results show that on
a telatively broader scale of amalysis (1600 m? of reef), AV's calculated by
site are comparatively low and not very different from each other. Values
of AV are generally higher when calculated foxr specific depths and
depth-month combinations (800 m? of reef). The mean value for all depths
(x AV = 0.13) is similar to that for both study sites (x AV = 0,10),
indicating low annual variation in abundanca over the extensive reef areas
analyzed. In addition, treands in the calculated values of AV across depths
seem to be loosely correlated with the dept:h-ﬂh:ed trends in observed
species richness (Tables 1 and 2). b '

Yearly changes in species composition among the 35 most ubiquitous specias
as estimated by the J and R indices of resezblance show the -same trend
(Tables 12 and 13). Study sites (all depths combined) show greater species
constancy (ie., highsr index values) than do individual depth zones
indicating that species composition is mors stable over broadar areas than
within narrower zones. The mean valuas of each index for all depths
combined, excluding 30 m, wers similar (J = 0.84; R = 0.91) and relatively
bigh, indicating the presence of a fairly constant ubigquitous spacies
composition. Yearly differemces in the numbers of species observed at 30 m
ismisludhgain::ﬂiu:hummtofcmtinsm expended at that
depth in 1979. .

DISCUSSION

The changes in overall fish abundance observad during this study (Fig. 4)
conformed to a general pattern consistent with recent work ' done in Guam
(Kock 1982), Micronesia (Jobannes 1978), Eawaii (Watson and Leis 1974), the
Caribbean (Luckhurst and Luckhurst 1977) and the Great Barrier Reef (Russell
et al. 1977; Talbot et al. 1978; Williams and Sale 198l), in which fish
‘abundance f].uctua.::lons ware found to be highly seasonal and largely related
to reproductive activities. Our results also suggest that there is a
temporal partitioning in peak abundance across depth, possibly resulting
from a more specific temporal partitioning among gensral trophic groups.
Strong planktivore recruitment at 9 and 18 m in March appeared to initiate
the observed seasonal increase in overall fish abundance. This was followed
closely by increases among other abundant plankton-feedsrs, primarily at
18 m, through Juns. Peak abundances amoag the most. ubiquitous carnivores
ware clustered between April and June, with major piscivore increases being
especially prominent at 9 and 18 m. In contrast, peak abundances among the
most ubiquitous herbivores were clumped between Octcber and December, at
5 m.

The initial planktivore irnflux, as well as juvenile recruitment in general,
might have been influenced by several factors promoting successful larval
survival. Peak juvenile recruitment may be the result of seasonally
intensified reproduction that is timed to coincide with factors favorable
for larval survival and juvenile settlement. On the other hand, fish
reproduction may be relatively constant through the year, and seasonality in
recruitment may be the result of intermittently enhanced survival due to
these factors. Since spawning was not observed during this study, we have
no data supporting the hypothesis that reef fish reproduction is seasonally
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Table 11. Annual variation {&Y) in ranked fish abundznces of the 35

most ubuguitous 7ish spzciss cobserved at Asan Pt. and Ipao
Pt. Calculaticns are based on data collected during Septem-
ber, COctsber and noverber, 1979 and 1920. R and AV are
expleined in text and in Walda (1978).

Study Transect -
Site - DBepth {m) September Octaher November _i
R: : . :

Asan AT -0.08 0.05 - 0.8 8.01
Ipao All -0.04 .08 ~  0.03 0.0Z.
Both 5 0.03  0.0L -0.02 0.01
Both g 0.8  ©0.08 010 6.00
Both 18 0.02 0.09 . 0.08 0.07
Both 30 -0.02 -0.08 0.03  -0.0z
Asan Al 0.03 0.06 Q.17 0.11
Ipac AT1 0.10 0.10 0.07 0.0
Both 5 0.14 0.10 0.07 10.10
Both g 0.14 0.14 0.10 0.13
Both 18 0.15 0.18 a.23 Q.18
Both 30 . 0.03 0.15 0.12 0.10




Table 12. Annual variation ir spaciss cospesitien of the 35 most

ubiquitous fish species cisarved at Asaén Pt. and Ipac Pt. as
estimated by the Jaccard Cgafficient {J). Calculations are
based cn data coliected during September, October and
November, 1979 and 1620. J 1is explained in text and in
Sokal and Sneath (1953}.

Study Transect

Site Depth (m) Septachar Cctober November X

‘Asan A1l 0.97 0.91" . 0.94 - 0.9
Ipao All 0.97 0.97 " 0.91 . T 0.95
Both Sm 0.81 0.87 -  -0.88 0.85
Both $m 0.82 0.85 .85 - 0.84
Both 1B - 0.74 0.88 0.88 ~ 0.83
Both 30m 0.82 - 0.66 " 0.72 0.73

TabTe 3. Annual variation in spescies composition of the 35 most

ubiquitous fish specias chsarved at Asan Pt. and Ipaog Pt. as
estimated by the Resembiarce Index (R). Calculations are
based on data collected euring September, Octsber and
November, 1979 and 1580. PR {is explained in text and in
Smith (1973).

Study Transect

Site Depth (m) Septerter October November X
Asan AlT g.98 0.96 0.97 0.97
Ipaa All 0.S6 0.95 0.98 0.97
Both 5m 0.5C 0.93 0.93 0.92
Both 9 m 0.50 0.92 0.92 0.92
Bath 18 m c.e: 0.3 6.9% 0.91
Both 30 m S g.2: c.78 0.84 0.84




intensified. Similarly, this study did not examine the possibility of
differential larval survival throughout the year or the effects of predation
and competition on newly settled 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 may be an important "proximate" or "ultimate" cause influencing
the observed seasonal peaks in overall fish abundance.

Kock (1982) proposed that seasonally abundant planktonic food may be
important in timing the initiation of strong juvenile fish recruitment on
Guam's upper reef slope. In doing so, he cited the post-reproductive
loosening and fragmeuntation of Boodlea composita beginning in February

(R. T. Tsuda, pers. com.) and the desiccation of Caulerpa racemosa (Petarson
1972) begimning in March, as examples of reef-flat algae that are
transported offshore during the midday lowetide season. Accordingly, it was
inferred that the suspended particulate material resulting from these and
other specias of dead algae may somehow indirectly contribute to the
nourishment of pelagic fish larvas, and that ths added benefit of this
condition is ultimately manifested in the form of maximum juvenile
saettlement between March and June.

Although the diurnal low-spring=-tide season at Guar may begin around March,
there is evidence that effective reaf-flat algal desiccation may not oceur
until later in the season. Tsuda (1974) has shown that the algae which are
most seasonal on Guam are intertidal species, the majority of which are most
abundant between Januvary and June. He also emphasized that the desiccation
of intertidal algae is regulated by the critical factors of time of day and
duration of exposurs (Doty 19463 Lawson 1957) which are effectively met:on
Guam only during the months of May through August. Theraféore, if seasonally
abundant planktonic food is an important factor influencing successful
springtime juvenile recruitment among upper reef-slope fishes, it is likely
to result from a source that is of greater influence during the earlier part
of the year. The results of the present study suggest a similar but
contrasting explanation.

If, in gemeral, the numbers in an animal population are at least partly
regulated by food availability (Lack 19543 Pianka 1974), and since fish
appear to spawn to gain most from the food available in the production cycle
(Cushing 1975; Russell et al. 1977), the rather dramatically successful
racruitment of P. guamensis s presumably indicated the presence of abundant
zooplankton. By the same logic, increases among the benthic
invertebrate-feeders may indicate the presence of abundant benthic
invertebrate prey, of which many species are also known to feed extensively
on plankton. Indeed, Russell et al. (1977) pointed to the significance of a
Tecruitment strategy in which Tish abundance increases at a time when
maximum food resources ensure conditions most favorable for growth. In
addition, they mention evidence leading to the existance of subtle seasonal
patterns in tropical primary production (Kinsey and Domm 1974), and the
possible link between these patterns and the reproductive cycles in
coral-reef fishes. In a northern hemispheric tropical ocean, phytoplankton
production, largely controlled by solar radiation and wind, develops slowly
through the f£fall and winter leading to maximum herbivorous zooplankton
abundance around February (Cushing 1959, 1975), approximately the time of
the initial planktivore influx observed during this study.



The much greater than average rain experienced in February (Fig. 2) may have
added additional putrients 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. Although peak abundances
among the most ubiquitous carnivores did not show a significant relationship
with the rainy season (Table 8), it is reasonable to conclude from the
observed trends that increased food availability in a variety of forms could
have played an important role in their fluctuations. At the very least, the
data clearly suggest that many of the planktivores, piscivores and beathic
invertebrate-feeders within the fish cormunity are capable of taking
advantage of seasonal increases in their food supplies. Besides conferring
potential growth benefits to recruiting juveniles, reproduction coincident
with maximum levels of fluctuating food rescurces may allow adults to meet
more successfully the increased energy demands spawaning places upon them.
Therefore, the relationship between food rescurce gvailability and fish
abundance for spawners as wall as recruits may have significance from both
“proximate” physiological (Lagler et al. 1962) and "ultimate” svolnd.nnary
(Fisher 1930) perspectives.

Data on the herbivores led to the same general comclusicn. Since these
fishes have generally low assimilation efficiencies (Odum 1970; Chartok
1972), and retain food for only a few hours (Ogden and Lobel 1978), they .
also have relatively large food biocmass requirements (Bardach 1961). In
Guam, both adults and juveniles of saveral surgeonfish and parrotfish
spacies commonly seenm on the upper reef slope, are known to frequent the”
reef flat (Amesbury 1978; Amesbury and Myers 1982; Katnik 1982; Myers 1982),
especially during high tides. When the relatively extensive reef-flat area
that exists on Guam (Randall and Eldredge 1976) is considered, it is easy to
imagine how beneficial the additional algal biomass associated with this
zZone might be to the shallow-water herbivorous fish commmity. However, in
order to utilize even a limited amount of the energy stored in this biomass,
many herbivorous fishes have had to adapt to a distinctive type of
production cycle largely controlled by solar radiation, tide and rainfall.

As the diurnal low-spring-tide sesason develops, both grazers and browsers
are excluded from foraging on the reef flat during certain hours of the day
(Bakus 1967). Since most herbivorous fishes are nocturnally inactive
(Hobson. 1965, 1972; Starck and Davis 1966; Rosenblatt and Hobsom 1969), this
low~-tide restriction of diurnal reef-flat foraging might be viewed as a
condition less favorable to maximum growth, especially awmong juvenile
browsers. Widespread reduction in food resources due to desiccation (Tsuda
1974) during the fully developed diurnal low~-spring-tide season also may be
highly stressful to foraging herbivore populations, and in particular to
those browsers most intimately associated with the reef flat. The severity
of this form of environmental stress is compounded by seasonally high
rainfall (Fig. 2) which serves to extend the tine period of algal reduction
by preventing the reef-flat community from starting to reestablish i{tself as
soon as the critical midday low-~tide season ends. Rainfall continuing into
the later months of the year could produce reaf-flat salinities low enough
to delay the reappearance of upper intertidal algae until January (Tsuda
1974). The increase in fish abundance that occurred most notably in
shallover water during the fall may have been related to reproduction among
grazers in response to lengthening diurnal foraging time on the reef flat,



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

Because of the rather ubiquitous nature of their food source and their
wilde-ranging foraging habits, parrotfishes may be less dependent than
browsing surgeonfishes 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 comparatively lower juvenile representation of
the latter species observed durimg this study, which also suggests that
reproduction among browsing surgeonfishes may be more responsive to changes
in reef-flat algal biomass. The herbivores that peaked in abundance earlier
in the year were mostly territorial damselfishes that commonly inhabit the
raef front and submarine terrace. Others included deeper-water angeliishes,
parrotfishes and surgeonfishes. The effects of seasonally reduced reef-flat
algal biomass might be felt indirectly by these damselfishes and angelfishes
in the form of temporarily increased interspeacific competition for food
(Barlow 1974), particularly since subtidal algae appsar to flourish year
round (Tsuda 1974).

Certain nonherbivorcus fishes nmay also take advantage of reproducing during
the £all for a similar reasom, since increasing plankten, algal productiom
and detritus accumulations on the reef flat may support a significant
biomass of benthic invertebrates as well. However, reproduction during the
fall may be of secondary importance to these species since they are not as
directly dependent as herbivores on reef-flat algal biomass. Thus,
nonherbivorous speciss may spread their reproductive activities over a
longer period of time which may partially explain why peak abundances within
the most ubiquitous carnivore group analyzed in thias study did not prove to
be significantly correlated with the April to June period (Tables 9 and 10).

Despite numerical variations in seasonal abundance, the fish commumity in
general seems to exhibit a fairly predictable annual cycle returning to
similar levels after a 12-month period. The resulting low values of AV
(Table 10) charactarize the fish community on the upper reef slope asa being
relatively persistent. The values of AV calculated for uppar reef-slopa
fishes on Guam may be compared with those calculated for organisms in less
climatically stable ragions (Table 14). The values for Guam are slightly
lower but similar to those for marine fishes in southera California (Ebeling
et al. 1980), and they are lower than those for marine fishes in northern
California (Miller and Geibel 1973; Burge and Schultz 1973) and for
estuarine fishes in northern Florida (Livingston 1976).

The high annual constancy in species composition found during this study
also indicates the prasence of a fairly persistent fish community on the
scale analyzed (Tables 15 and 16). These results generally agree with othar
studies of fish assembleges made on relatively large areas of coral reef
(Smith and Tyler 1972, 1975; Smith 1973; Gladfelter et al. 1980; Kock 1982),
but are in contrast to the results of studies of very small patural fish
assemblages (Sale 1977; Sale and Dybdahl 1975, 1978) and assemblages on
comparatively small natural reefs (Nolan 1975; Sale 1980) and artificial
reefs (Russell et al. 1974, 1977; Talbot et al. 1978). Differences in
either the spatizl scale used or the time interval between compared censuses
could greatly affact the outcome of such comparisons (Diamond and May 1977;
Talbot et al. 1978). In this regard, less variation is predicted for data



Table 14. Ccmparison of arrual variztion (AY) ir ranked species
abundznces calculated for sc-e crganisms Tiving in diferent
geogréphical areas zind ciizatic regirmes. AY values gPasure
the sccpe of yearly changas in species aburndances, where
relatively lew valuss irndiczte genarally little dange.
(See text and Wolda 1678).

AV ORGANISM LOCATICN REFERENCE
0.55* Estuarine Fishes North Florica Livingston 1976

0.34 Arthropods Dry, unstable climate  Wolda 1978

0.20* Marine Fishes Diablo Cove, Calif. Burge & Schuitz 1973
0.17* Marine Fishes Monterey Bay, Calif. Hiller & Geibel 1973
0.15 Arthropods Humid, stable climate Woldz 1978

0.15 Marine Fishes Sarnta Cruz Is., CaliT. Ebeling et al. 1980
0.11 Marine Fishes Naples Reef, Calif. Ebeling et i. 1980
0.11 Marine Fishes  Ipao Pt., Guam This study - . -
0.09 Marine Fishes Asan Pt., Guam This study

* = Values calculated by Ebeling ot al. (1980)



collected on larger spatial scales and after long inter-census periads.
Less variability may also result from comparisons of between-year censuses
for a gingle month than from cowmparisons of monthly censuses made within a
single year.

The trend in observed overall species richness across depth (Tables 1 and 2)
raises an interesting point concerning the diversity of coral-reef fishes.
The lower species richness found at 30 m in the present study would be
expacted since greater envirommental stability (or conditions of relatively
less frequent and less intense natural disturbances) would allow the forces
of competition and predation among species to act relatively more .
continuously over longer periods of time. A result of this would be tha
elimination of less fit members from the community at a comparatively fastar
rate. Stability should decrsase with dacreasing depth as natural '
disturbances primarily in the form of predation (Talbot et al. 1978) are
expected to more frequently or more intensely interrupt the competitive
procass by nonselectively removing a greater proportion of the more fit
members from the community, thareby enabling a greater number of species to
coexist.’ This would occur to a depth above which the disturbances wmay
becoms so frequent or intense that species diversity becomes limited by
gevere enviromnental conditions. In this form of the "intermediate
disturbance hypothesis” (Connell 1978), it may be that the frequancy and
intensity of natural disturbances at the surfice dues to storms, large waves,
surface currents ete. are replaced by the effects of increased predation on
the submarine terrace down to a point sorewhere near a depth of 18 m, While
both of these sources of localized small-scale disturbance would be expected
to influence species richrness, predation is likely to be the most important
(Talbot et al. 1978). For the sake of comparison, data from two other
depth-related studies were drawn from the literature (Gosline 1965;
Harmelin-Vivien 1977). In these studies, numbers of species ware given for
saveral depth ranges. In order to graph all the data together, the mumbaer
of species per depth range was assigned to the mean depth of each reported
range. The results (Fig. 10) proved to be remarkably consistent.

CONCLUSIONS

The coral-reef fishes on the upper reef slope at Guam exhibit seasonal
variations that appear to result largely from reproductive activities which
may be closely related to food resource availability. Seasonal fluctuatioms
between carnivore and herbivore groups overlap but show depth-related
temporal differences in peak abundance that may be the result of adaptations
to different food rescsurces. Climatological and oceanographic phemomena
seem to play indirect, but importznt roles in the timing of seasonal fish
abundance by their apparent influences on primary productiom cycles and
reproductive success in fishes. The upper reef-slope fish community in
general exhibits a2 persistent structure that has evidently evolved in
Tesponse to a predictable enviromment of relative climatic stability. The
applicability of the "intermediate disturbance hypothesis" to mobile animals
is demomstrated by fishes across depth on tha upper reef slope.
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RECOMMENDATIONS

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 among coral-reef fishes. Data
presented here on several recreationally important species should be
compared with DAWR creel census data in order to identify possible seasonal
trends in the fisharies for these species. The information presented may be
usaful to fisheries bilologists in managing Inshore reef fisheries om both
the relatively healthy and beavily impacted reefs of Guam.

- <
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