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Two species of Pomazsntrus, P. lividug and
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m

P. albolaseiastus, from Tumon Bay, Guam, were :nveatigaiud

for factors that might provids potential ecological

o

eparation of the spocies. Specific fuohors ‘nvestigabad

&

were habitat and comminity ztrnciure, hshavioen, sirze

1

differences, feeding habits, and reproduction.

. L}

‘The fisnsg ax»o sympabtric ia the coral znone of tha

inner reaf I'lat where each lives in a diferer:t habitat;
P. iividuz is ususlly foundé in Acrowors ~olonics and
P, albefasciatng in the spsaces betweesn thease ¢ oral cclonies.,

Botn pomacontrids sre browsing herbivercs that generall:

eabt the sams algal speocles but the proportions vary. This

L

varianco appears to be a function of the differences in

hobisat. Pomacentirus lividng ia a highly fterritorial

B

y larger size of P, lividug appeavs to

o ot s

Bk
aid it in esxcluding P. albelageintus from tho coral colonies,
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INTRODUCT LOH

Thiies study considers two speacies of Pomacenbrus,

3 0P8 SR sV DAL AT P

and Schuneider) and I, slhofssciatus

ATt e L M ¢ A8 3 NS

that inhablii Twsen Bay, (uamy

-~ -~ L AR 1 Y v, i 2 o

hese gpacies arg distributsd from the
%o o o piprey * ~ .o A il ool an B s e e T o e
Vastorn Indian Oscan to the Wssteorn and Cesntrsl Pacific

Ocean, The availabls literature iz descerlipiive (Bloch and
o " X - - .

Schreider, 18013 Schlegel =snd Muller, 1839: ard Woods and

Sehultz, 1960) and disbtributicnal (De Boaulori, 19LG; and

Smith and Smith, 1963) in nature,
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The study wes undertaizeon betuween Havelr

1670 and dealg with the comparative ecology of these tuo

in Tunon Bay and appear to ocoupy overlisyoping niches, waleh
raises the guestion of posgible compativion batween thew.

X & K > R LT TR 2 Eia o B £ o8 AT P -
The porssibll of compebtition a3 & factor in their upa ial

-

distrivution is considered in relabtion tou the competiibira
axcluzion peinciple (Gausa, 19344). Heological factors such

&5 foud hebita, Lehovior, size differences, z2ud habltab

diviaier warc used to anslyze the nlches and identily

!

o

specii

Lia

o Tactors that would tend to reduce alcho ovoerlap and
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Soction 2
DESCRIPTICN OF STULY AREA

Timon Bay g on the southwset side of Guimis lime-
stone plateav, close to tha Ialendts narvowesi polnt.
Tracey of sl, {31004} divido Twuen Bay from the beach ssaward
into imner reef flat, cuter resl flat, reof w rgin, reo’
froont, snd submredins o  Tha ifnney rael
flat s further subkdivided into sand zZoneg coral oo and
bouldszr zone, The 4 mone typically his & candy hobtom
with ascattered living corals. The corsl zone typically
has a bottom of sand and coral rubble with mery Acroror: spp
Pavon: spp., and Pooillomora app. growing in it.

Poritos

St A s e wsa

80D

e coral zou6.

The boulder zone 1a conposed of rubble and borlders covers
truncated npavemant. The first half of thie ouior resef £ ui
is "barren irrepvlar rock pavement'; the seawrrd side i3
caversd with wlgas and many corals., The reel margin is o
consg low algsal crest cut by several chamols
tha h the resf front. The roo! Lront contains
LISy aees and slopes seaward to Lie submarvine
terracs which s about five to geven meters deep ab the
reaf, doscending to groesteor depths as it progresses seawsrd.
Tha gtuody weoen contereg arouvnd a 150 mater long sool i




of corel zcoue in front of the Fujita Tumen Beoch Hotel

[

(Figure 2). The area contains large colonies of Acropoia

agpora (Denc) separated by patchus of zand and rubble

. Veprprill are

(Figuro 3). Colonics of Acropora acweds

[ e R e

algo pregent dbut rmuch less cosmmon than the Teymer. The

boulder zone Iin the study area i reducsd to 2 few small

boulders and some scattered coral rubble, It grades

che cuter reol [lat and thus, for purposes of

Q

quiclkly int

3 the cuver rool flat iz considsrod contiguous

;;75: L3

this st

P

with tle coral zano of the irmer resf f<“f
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Map of Twmen Bay, G
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transectis.
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Plg. 3. A. and B. Typical Locyorory colonies
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cnd patehses found in the coral zoene of

ul

Tumon Bay, Guan,






section 3

MIELTI0NS

Tlald TProcsduras

Tribere

I observed thas Teeding and both

-

N T e S ool
Die benavior of arick
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oI L2006

an undoivatbter uls

Snorkeling

(5% q_u,:l l).v.)(/...‘ U $

watch werso used, Observations wers made by si
ag possible in the water and never over two

the subjocis. I

the fishes il no spears wers carvied. Obses

ranged from 30 ninubtes to one houwr wheu n

involved and between three and fouwr houvrs

ware collected,

FPrew Maceh to December 1070, 30L iilshes,
P, lividuz amd 11 Yo Albelagciatus,; we¥e col
e AU =

hundrad ei

others ware polacued uvsing rotonoe The pols
wag divided into twoe poarts, onc, a small goroc
angd tlhie other, the peet of thoe polconed resf.
rlaced inside the screen wive enclosurs but we

carried out by a northerly current whi

appeared to cause little disturbance
v E
aps

whier

1lached,

¢l apres

intra-

]

Po albolancia

(VSR

cying as a4ill
ters away Irom
ETNL
tion time:

aring was

gpeciment
iooluding 1049

Qg
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zon station
nod enclo-urs
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11
over &n arga 33 meters long by 10 metors wide. he sercensd
encloauvie yieldsed data on the fizh commundlty ¢f a single

Acropors

ool e IEGR AU eema

cnra colony 1.5 msbers longe 1.2 metors wide and

A

0.7 maters high., Approximately 0.2 mabors of water covored
the coral,
Three {ratigecus were »u o] arly acrogs tho

coral zone and onto the outsr reef I in orcer to quantify

the mwwber of 2, lividus

e Y

intus in each
habital. %he cone meter wide trongechs wereo 1:6.6 my 106.6 n
and 123.3 m leng, The transects waro divided into 3.3 m
burits for sase of counting.

In order to furthsr study the habitet of these sympaiy

.

fishes, I sampled 60 quadrats, 30 on covel colionies (mostly

Acropera acwpera) and 30 in the rondy, roclky o 2ces betwusen

coral colonies. As I moved througlh the coval zeone vawalloel
to the beach, I placed the cqueare muter cuadecrt on the nsarc .y

coral colomy with aa erea grosber then the quidrat sizo. AL

Pomacentrus lividuy end P, alboie

L e T ] o B a L e

s Were counted allter

waiting two minutes for the Lishos to recover alter belig
distuwritaed., I used the same procedurve to count 30 aduradratg

between the coral colonics.

.

wore {reanen prior to pro~
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o
1.
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@
et
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The majoerity o

cesaing, laboling and preserving in 107 Formalin. The sisbo

wore checked closely for accurate identification (zee DG.U)

ey 4 o

Ny f “! | LR Vo T o Vs
oo SRS g s SRS
Date ; A apdgimens and




12
and condition of gounedeg if obsoervable. Juvenile refers Lo

ez bolow the size of the normaelly sexablo adults. A1l

1ed stomach snd /o> inteatira

gamples frem 70 P. livides end 51 D, slbofasciabus. Pre-

e
- 2 s b e Kt s
' .

paration cf semples for gquantitatlive gob anal rsis incluvded

sing the eontents fvom the intestinal merbrancs, dis-

S
tte

strip
solving sny send with 104 BCGL and completely nixing the
arrple during the dissolnbion process, I they placed one
rop cr the licuvid wixbure on sach end of a ssandard glass
slide ond vlaced a cover glass on osch drop. The relative
ahundance wvalue for each algal sgpecles waig gquanbified using
s modification of the point methoed used by Joies (1968).
Both preparations were gcannod to rsccord all aigal gpocieas.
Next, five positions on esch sample were selested at randonm

and the number of oculear grid polnts louthing any one

o o 5 s : i
species of slgsas record

R

ed. The central 31 points of a 100

unih cculsr grid were used giving s btotal of 310 availsbie

points. Tuwe rolative sbundaiice of each 2lgal species wag

calculaved Ly dividing its total number of grid point
interscctions by the total pointe. enumerated Jor all alges

Ths scams procedurs

I collacted 10 wieces of algal covered Acronora

B

3o ) " MY
Lo LTGIr)esS . o
oot e kbl

2.5=3.5 cm long) irom typicsl P. lividu:



= o s g Y i ey en 4 &) e "
algae ware cut off at their bases with scizsora, treated

with 107 HC1 to romove sand and gquantifiod in the same

manner &2 were the gul contents. Also aasmplay were col-~
Lectod fwom tho apuaces betwson ths Acvoenora c¢hrlonies and

all als speclion reccedead, The Labier aprez 'res not quinti-

fied.
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Section I

Habitat and Comumnibty Structure

In order to daifine the limits of +thoe hshitat in which
feund aywmyatrically,

e I,

P. lividng per transect subwwmit (§==233) in the coral zone

and a mean of 0.8 per transect subunlt (=21} on the outer

reel Dlat. The nupher of T, 1ivwidus in the ccral zone &«

e Ve 10 ¢ 3 vy e A

sigaificantly greater (P<LG0Ll) than the nuwbsr on the

outer reef flat, The 21 P. lividus obsseved < the oubar
reel flat were in small Acropora heads vivich vere groulng

in depressions.

T caleulaved, Crom the same Thirce transecbdg, a meas: of

&

1.60 P. albofasciatus per transect subunit {(W=103) in the

coral zoro and & mean of 1.53 per transect sulunit (11=6¢)
on the outer reef Tflat. There was no significant diffeicnce

(P>,0%) in ths number of cither rool

arca. Most of the 103 P. albolascialus obssrved in the coral

P A § AL st ot 2 A

zong were in ths spaces beltween corszl colonics.

The thres trangsecits narrowoed the arven of



coral mone, Sixty guadrats were thsn ran to celincato

shilch part of the coral zune eich spocie:

One hundred eighteon P. lividus and 16 P. albofascialus

P Pt

wore counhed in 30 quadrats containing 100% coral., Six

P, lividus and 2 P. albofaseistvs were obgeried in 30 guads

e S B e+ T s e SRS o SOVT R 3 b

rats netween coral colondcs. The sixz P. liviius were

transisat when obzerved and did uot appesur Lo occupy

territorics in ths spacoes betwesn coral colonies. Thero

in the fLcopeonors than in the sund spoces and s significently

s cmemp sy 'S

@D

grezter (P<.001) numboer of P. albofoscilatug 1. the sand

spaces than in the coral,

An enclosed coral hoead was poliacncd to find out which
speciss of fishes lived with E, lividus in The coral anaa
which ones might be patential interapsciflic cimpatitoras for
the benthic algaes available within the coral colény.

Twenty-five juveniles made up the majority (824) of a

* X ® - e = o e W W A s s ¥ 2
P, lividas population celiscted by poliscuing ¢ single
Ls gy e §

encleosed coral colony (L.8 m™). Five advlits, one male;

one female, end thweee thet woers wsexsbls made up the

remaining 17%. The 30 P. lividus conatituted 21% of the

M e S

v

total %

1

ish pc,ul Aion of 143 isndivicusls. "able 1 is a
choeclliat of spocics found within the poisonod coral
colony and includes those found oulside the enclosure in

the rost of the affected reoef, Thoe ccllection outside 1he
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territory. 'The nese down poaivion is a behavioral stoencze
used vudar exirems clircursiances,

Wraw fighting” and "fin-basting' ware olierved when two

-

over berrpitorisl cwucrahi

Ly or boundary

activity occurred; the cotha> P, lividus

v s

nteregt in ths shrugzle suggesting that

(21 b
the cuoteome might sffact Lersitorial boundari:s of other
fish I» the immediate srez. Juveniles sometines fought in

this wunner bun were ignored by Zlghe. Severe intraew

spoecilic

was nov typicsl and was rar:ly seen;
normalliy cnly thircatening gestures, such ag dorsal fin

erccticn and short advences, were exchiengsd.

D)

Pomseentirus 1ivi Light brown fish, may display

oA e S TR T S GNLTALAT, S i

. A% e sl sV o v B%eme e A A 3
irveguler pink markings on Lhe head and

when the fish engaged in jaw fighting. The pink color i

subduvsd, almost non-exlistent at other timecs, At night

mouth &ud past the bass of the poctoral fin: .he second
axterds from the base of the first few s0ft dorsal rays
vertically to the underside, During the day 5nly one
ndividoal was cbserved displaying bares which vere pinlish-
ite on & bhrown background,

Pomacentius olboi ig bluck during the day (I

covld nou Find them at night) and mey display two white bars

e Ak PRI TR 4 S R 29 8
losatad in Lhe ng thoso doseribad for P. 1




2]

The proscnes of the barred patitern and its intensity secmed

to be depenident on the fisb's atale of exeitation. Individuals
that were foading @nd intermitiently strugglirg with other
r. Both bars

3% 22T} Facew Ty Sawma) & sl 3 - P O PR 14 s vy A oo £, .
1lgplayed by individuals that wsrs not fceding and

ntly engaged in inter.- o1y intraspeuvific

Qn & fow cooaslons P. slbofogedstng wore observed
guardiig smsll Cragmented pieces of or
crevicss (Figure 5). Thoss territories were Cefended against
other spceciss more vigorcusly than against otler

S1ze
Preliminary observations in the field indicated that

a larmzer gige night be eccologically inmportant to P. lividns
> é_l 5 v -

W O i 5

in exciuvding F. albofoaciatus from the territcey of ths

larvger than

msle and

female P,

male and female P, albofasclatug (Figure 6),

T collected only one small (36 mm) F. albofasciatus
L4 - e AL Bt o P AN S e
and aeoe vero talen in the pelson sbtation. Fesslibly tho

yourng weee in poles where I could not find them but most

part of the reefl or ocean.

i
i

likely thoey inhabit a dilferent

T ohsory

ad numerous small (19-60 wri} P. lividus in the



Y <) e ~ - -
Fig. 5. Pomacenbtiug
R A LA k

3 -4 San 9
ClLatus

small branch of Acropora.
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26
fiegld =«rd coliscbted Th in the poison station., Apparent.y
these snall Tich stey within the depths ¢f the coral colony,

' -, ~, To ae re P | 4, g o Y, o - Sae
telerated by th2 Leeriboreisl aduits,

Feeding
Foraging nethoda, food esten,; amad feod present in the

died in sn avtespt o further differentiate

the niches of P. lividus and P. alboflsscistuos,

i 4 i e N ~

JEE Pe are gensrally
bhrowscrs, Do obiain food they ap Lo the algae, tale it
in thoels mouths and then seover the Cliaements by jorking the

head Lo one 8ids. When the fisiss Veed ulovyly this behavior

ig quits evident bul when they feed rapidly tley appsar to

pack the sueface on which the algae is growing. I also
chaerved zeveral P. albofegciatus eating frowm sand pabclios,

They engulfed large awounts of sand, sifted scme out
through the gills, and swallcowed the rest. A& sample of the
4.

R 8 35 eyidlein s danmunl Wl 2 al AR {RE, A spsiap e P LT e
send substratum yicldod fragments of algae moab ol which:

=y S %, A 2. Py Govs il A Fal & ¥ SRR
are copenoi in Lho guts of P. Iageastion «f

aand plus the fact that saend is often found on stands of

algae help explain the consistent presenze of zand in tle

L3 - L on o . ..,-' o v o . -
intestines of thnese Fishos. Feo Lividus were nsver seen
i'eeding In sand natehos and this moy indicate ocotential

niche cepsration.

o

£ checklist of algel spenies found in the guts and

3.

tete 1

P

huabi presented in Teble 2., Pomdcentius albofuscia

Ty T 3t ekl s 0 A e
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and tihic aconls ividu rus
alboflnoe! eiu it Agteril ) i 5 priracy Loods.
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on ths coral; 73% of algal spscies oaten by P, lividus grow
on ths base of Acropora. The overlap ol pfimary foods saten
by B. lividvs on primary algal spcecies found on Acropori is
52.5%. The relative sbundance of primerv alg-l species for
both P. lividus and coral are presented in Talle L. Thos

first four species, Pterocladia parva, Polysithonia

i

scopulerum, Polgsiphonia sp,, and Sphacelaria furcigera are

primary apecies both in P. lividus gubs end or. the Acronora,
Dawsorn, Aleem, and Halsteazad (1955) noted that fishes appear
to be better algal collectors then are researchers, This

statement plus the fact that no coliections were taken from

other places on the coral probably account foi* the remain-

ing few algae not officially recorded from the: coral.

TABLE I

Relative abundance of primary focds for ‘omacentrus
L ¥

}ividgi and primary algal specles growing on .. 1020ﬁ .

Relat.vo abundance of gsecondary species appsal” in paren-

theses wnere nacessary for comparison.,

Algal Specles P. 1ividus Acripon

Fteroc .

LA

t
-

{‘orl

%Phauvlmﬁxu fercigera
Hyvnes esue Skl

EHLP“C’7P“Q° clnuhﬁata
Psonaocmcrodoec:

Fhorococlens i

~

N O~ 0O N oY i

S—

o~ A
[ Lo B2 AR~ free

N 4 e

The species of algae eaten by P. lividug and

P, albofazciatus are basically the zame when wiewed quali-

1 the relative abundancs of

[N

titively bub differences exist



31

For exan Yterocladia piarva

coral is caten in significantly

Tividuvs than by P, albofas seiatag

B Y e ek

(Table 3). Also Jania ca

PP PAPVINE ViU

the specisg with the highent

roelative abuadancs i¢ consumed atbt a

iowor vate (PF<L.C1) by P.o Jividu: and i3 even

.~ .<- Pl

legs abundent on the ceral. The gimilavitlies between

cut conbents and the algan growing on the Acronor.

e

that the differences in feeding are probably due to

Ty fonnd B et herbivorous

sir

e
s
3
=t
e
o}
o~
=

i3 study of Lake Fyusa clichl’ds, No quanti-

Tication of algac in the sandy rubble filled spaces baticen

the coral colonies was undsrtaken due o the dlversity 2f th»
arct.,
Seven P, lividug and Towe Pe glhofascista ingested

sponge. Because of ishes cating this

r (1966)

3 3 < da £ ) VL) - - & ey 0T Y PR ¥
material it wae thovght Lo be inclideni:

{la

. L) K -

&l foir poma

~

{=

crean

<
&
pon
C
ey
—
.
P
L
l_

f
T
l"‘
f)

[o

i
enernsting animals {rom nesting substraita, Thls may be 2

s

partial explomation for the pvesence ol spons.

netion
Roproductlon end brecding cyels e ofbon uzeful tools
ating €he niches of two similar organisms.

Tdeal separation would invelve no overiap of poeproductive




o P, dee nprodtentiz2ily reproductivoe
all yuar (iguve 7). gspawning period. were found

but this

Wo nests wars found and only one noasible exu ple of court-

ﬂ]f,%' ™ £y [T s i 1
P - - ]

GHilte ooe cnother were obasiwved

from midwaser

o
<
.
n
pa—)
~—
&)
#&4]
:

3
-

2

9

W

intensified

wos o dn the pomscentrld

Daseyllas

B xR T

p
AT 4

e data 2l lows




(oS’

e

Fig.

Foms

O

-

7 e

aeubs

et s 4308 va

+

(P e
L8 0CHG

The nvabsre of »ipd

5 e B Oy ;
g albofs
L e e

in 1970,

Fobrusry, Narch <

male

x4y -
Pomariean
e

*»y
R A

P

o o




AT N T

N

B =031 £, LB T Ao A A BT B S PR el A K

i
1

o
(3]




The competitlve exclusion princinle
v ol o 3 * ORI e =¢ vt > e . PRy S S U
states that no Lwo apecelss can ocoupy thia

DUCDOS s

5 T % A Ard T ‘2 ¥ o .
Teprences hotwean P. Ltividus
el b b

centrugs aiboelasclahus lives on
and in vert of the coral zonwe. On bhe oub
these Tiazh lived in holes aud crevices in

bhut were found in small

P

no P. livldusg were present.

8 At e 9 Tt

Tived in the gandy, rubble {illsad
colonies, Here too, holes and grevices wo
cover and possibly reproduction.

-

vhe

e il . R b g
catverad Acropo.ra
Bl

B

Lot

itoar reef
ar »gofl flat

th

head

o

-

on

re utilized

inaividuals

observed lived abt the edge of coral coloiies asvally in
rocks bubt sometimos in coral. Fhese fish ofton took co

thoe coral occupisd by P.
s Lividng
the coral sone. The fish seldom lewnve the protective ¢

ol the coral which 18 never complotelw
% 'i'_f b ¢ hE N 1‘. i Al . T:L'“’ il - 3 :t-} \ & ¥ A

¢ wock pave:

The

W (i RS
LA
Aoy
EPA N S e g




36
territories 0.3 m3 while small adults had territories half
that size as roughly measured with a ruvler. Lioth sexes held
territories but juveniles did not; rather they ranged
freely throughout the coral colony tolerated by the largzer
fish, The territories are probvably for feeding and pro-

tective cover since both sexes hold them.

B e T e

and this may be an important fector in the spitial distri-

bution of these fishes. Pomacentrus lividus cxcludes

P. albofasciatug from its territories in the /cropora
colonies., Another important difference betws:n the species

is that apparently no juvenile P. albofasciatis live in the

coral zone of Tumon Bay. The juvenile P. lividus are found
deep in the coral colonies and receive protsction owing to
the territorisl behavior of the adults. Ther«fore, the
juveniles of the two species are not in compstition as

far as was discerned.

Qualitatively these two fishes eat the s3:me species of
algae but a good deal of difference exists in the propo-ticn
of each algal species consumed., Apparently tie differece i
a result of the fishes feeding in different sibhabitats,

Brown and Orians (1970), in a review of Ecological
literaturs, showsd that in territorial specie: there ar.
often large numbers of potentially reproductive individuals

unable to breed due to lack of breeding sites or mates.

Clarke (1970) studying the vomacentrid Mrpsynops rubicunda
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found that removal of individuals fesulted in appearance
of new individuals of the same species from ovtside the
terrivory. Population density was high enough to create
pressure for repopulation of vacated territorfes. My
observations made during the polison station study suggest
that there is a larger supply of potentielly reproductive
P. lividus than there are vacant territories. When the
small Aoropora colony was poisoned and the original occu-
pants renmoved, I observed other P. lividus occupying terri-
tories in the same coral within an hour. The immigrants
were large enough to be sexually mature but were smaller
than the original adults.

The poison station was also used to find out which
fishes shared the coral colonies with P. livicus and which
might be competing for the benthic algae founé on the base
of the Acropora branches. Most species were carnivores, a
few were omivores but only one other in the enclosure ias
a2 herbivore; therefore it is doubtful thet there is any
great amount of competition for food between tny of theis
spocies and P. llvidus.

Brown and Orians (1970) define an "all-purpose territor:"
as a territory that is "identical in extent with home range".
They further state that no such territory has yet been

demonstrated for fishes, Pomacentrus lividus appears to

meet those requirements and may establish an 2ll-purpose

territory.
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During this study a taxonomic problem care to 1light

which is presently being examined. Pomescentrus albofasciatu

and P. nigricans, a third Pomacentrus in Tumon Bay, wer>

found to be indistinguishable in thes fisld. ™ased on
collezted specimons a 10% error is possible for observationa..
data, With microscopic examination P. nigric:ins can be

distinguished from P. albofasciatus by the pre¢sence of

scale® ~n the lower precopercular margin. Thir area is

naked on P. albofasciatus. Although Woods anc¢. Schultz (1960:

give several other charactvors, such as scales anterior %o
nostrils and dorsal and anal fin ray counts, to differentiato
the species, I found these characters too variable or too
overlapping to be relied upon. Until further work is done

to prove conclusively that these fishes are good speciesd,

I must agree with De Beaufort (1940) and F&@ler (1956) =hat
their status is questionable., Doubt definitely exists hen
one collects a specimen (as I did) with one ncked margin

and one scaled margin.
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