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Abstract. The territerial systems of three damselfish
species were studied at Discovery Bay, Jamaiea.:ﬁgtrucynfal PArH-
meters of defended algal lawns were measured and aggressive bé%
havior which maintains the territory wes gquantified. 'Threeéépot'
Damselfish defend a smaller territory than eilther the Dusky or |
the Beaugregory. Estimated algal volume was greatest for B@augreg-l
ories,vfollowed by Three-spots and Duskies. The results of the
study are discussed with reference tosprevious madelémbf inter-
specific territoriality, competition and community structure. The
factors permitting the coexistance of the three damselfisnh spécies

remain to be fully explained.



Introduction

Territeoriality in reef fishes, including espscially the dam-
selfishes (Pemacentridae) has attracted the attention of behavieral
biolegists and ecologists for many years., Interesting questions
remain unanswefed despite this ceverage, and perhaps the mest inter-
esting of these focus en the adaptive significance of the interspecific
territoriality eof the damselfishes, and on territoriality as a
mechanism of niche seﬁgéatiﬁn and resource partitioning permitting

the ceexistance of clesely related species in coral reef habitats.

Niche averiap may be censiderable in the damselfish (Itzkewitz, 1977),
yet the fécters allowing ceexist.nce are not clear at present (Sale,
197431975). The situatien is intriguing when cempared te the model
propesed by Murray (1971) in which, for birds, interspecific terri-
terial?ty wag censidered a noen-adaptive and evelutienarily unstable
strategy. Accerding te Murray, interépecifintefritoriality will be
the %@ﬁp@rary rasult of centact betwesen fermerly allepatric, closely
related specieé, and is maintained primarily by misdirected intra-

aggression » ' !
SpecificAuntil, over evelutionary time, the species diverge in e
habitat, behavier; merphalégy er other niche parameters, Myrﬁeré'
and Threshsr (1974) and Ebersele (1977)‘have shewn that daméelfish
exhibit fine species discriminatien, as both the area of defénded'
space and the intensity of aggressien élicited vary with intruder 1
ident it;,} . |

At ﬁiscevefy Bay, Jamaica, three species of territerial damsel-

fish ef the genus Eupemacentrus are commen and easily studied. These

are the Three-spet Damselfish (E. planifrens (Cuvier and Valencienneg)),

the Dusky Damselfish (E. fuscus (Cuvier and Valenciennes)), and the

Beaugregory (E. leucestictus (Miller and Treschel)). Each:species: -




defends a Type A territory (sensu Wilsen, 1975:265) which are used
fer courtship, mating, shelter and feeding activities. The primary
reseurce defended is the algal iawn, censisting of lush algal groewth
on the surface of coral rubble er lesse substrate, and defease in-
velves attacks and displays teward.conspecifics and other. species,
Generél ebservatiens atxDiscevéryiBay and-descriptiséns in the 1it~
erature (including 1978 Dartmeuth F.S.P. Advanced Marine Bi@l@gy
prejects) indicated that while these o@néeneric species are similar
in ﬁany regpects, thay differ in the struétﬁre of the algal lawn
itself and in their aggressive térritarial,behaviar.

The purpese of th&s study was te quantifiably test the hypeth-

esis that the three REupemacentrus species defend reseurces that

differ in certain respects. I predicted that the merphelegy of the

algal lawns varied in beth gress dimensions (area, cover) and in
subtle characteristics. The former were appreached directly through
physical measurements., Differences in the fine details ef resouﬁces
present were investigated indirectly by ebserving the behavier of
each damselfish toward intruders. This approach was based on the

conclusions of Myrberg and Thresher (1974) that the respense by

territery residents parallels the competetive threat pesed by each i

specles of trespasser which in turn is a functisn of niche everlap.

Thus variatien between thé damselfish in terms of ressurses used

sheuld be reflected in differences between'the aggressive hierarchies

maintained teward invaders. By investigating the interactien between

territerial reseurces and their defense, I heped te clarify the
factors which underly the structure of the damselfish community
and to deal with the role of interspecific territeriality as a

coexistance mechanism in coral reef habitats.



Methods
Two study sites on the Discovery Bay reef were chesen for the
presence of territorial damselfish and ease of observation. Three~

spot and Dusky Damselfish are abundant in the Acrepera cervicornis.

zone of the fore reef.The site in this zene was located at 15m
depth on the western edge of Kinzie Gorges reef. Observatiens at
this site (hereafter referred to as West Fore Reef or“WFR) were made
using SCUBA. The second site was situated in a poel, 1-éﬁ deep;

cutfing through the Acropera palmata area of the back reef crést.

‘Beaugregeries, Duskies and Three-spets were all present here (West

Back Reeflor WBR) and were observed using mask and snerkel.
Observatiens were méde over a five day peried (Feb.26-Mar.2,
1979), with data recorded on a plexiglas slate with pencil. ZFEach
site was visited once each day, and a total of roughly 300 minutes
of beh;vioral data were collected. 29 territories were observed
and measured as follows: :
‘Three-spet: WBR 5, WER 5
Dusky * WBR 5, WFR 9
Beaugregery:WBR 5
- I oebserved each territery for at least ten minutes te deﬁermine 
its general lecatien, center and berders. A center reference p@intf
was ‘then chesen from whlch intrusien dlstances were measured. When
approprlate, this paint -¢oincided W1th the center of -the defended J
algal Jawn or W1th the refuge crevice used by the resident fish.
After familiarlzatlan with the territory, a ten mlnute abservatlan
peried was completed (shertened tg élght.mlnutes-lnktwa.cases dueA
to insufficient air supply). During this interval, the follewing
data wefe recorded:

1. Number @f 1nbrus1ons within 1.5m of the territory
center.,: ‘ A T



2, Specles of in

truder

3. Elapsed'bime of each intrusien (mental estlméte'
to nearest five secends for Sh@rt trespasses).
"Nelighber® Eupsmacentrus species were assumed to

be present for entlire Interval when eon territory.

4. Distance of deepest penetration ef trespass (from

territory center) and/or distance of attack by
re81dent. especlially for *intrusions" of greater

than 1.5n,

5. Number ef aggressive responses to intruder by
resident damselfish.

T@ aid in estimating attack and intrusion distances, a nmeter

stlck ruled to O.1lm was placed

1n the terrlt@ry several mlnutes

before the start of the @bservatlen peried. I detécted no dlsrup~

tien of resident behavier caus

ed by this intreduction, Distances

for intrusimh/attacks were approximated and grouped as follows:

0.25, 0.5, 0.75, 1.0, 1.5, and

greater than 1.5nm,

After completion of the behavisral observatiens, the size of

each resident damselfish was r

!

the algal lawn was measured.

1. Area of the a
width, each +.

2. Fer 5 randsml
a. % algal co
ald estima

b. Depth eof algal cever, +0. 05cm, uging a plastlc :

centimeter

3. Nature of sub

I had heped t@ carry out o
_ lagoen area, where Beaugregerl

was limited to the twe areas a

Results
As neted in Metheds, a tot

and measured at‘the twe sites.

scorded (+lecm) and the %}ucture of

I recorded:

lgal patch, estimated as length by
0.1lem.

y selected p@lnts:
ver, + 10%, using a small ring te
tien:

rule. i

strate and general nétes.“

bsevatlans at a thlrd site in the .

es and Threenbpets are cwmm@n, but

bove by tlme constraints.

L

al of 29 territories were observed

Table 1 gives the mean slze of




Species n size (cm) range (cm)

Three-spot 10 12,6 + 1,0 10 - 14
Dusky 14 11.1 + 0.9 10 - 13
Beaugregery 5 11.0 + 0.6 10 - 12

Table 1. Mean Size for Resident Damselfish on Territeries Observed

each Eupsmacentrus species. As these means are not significantly

different (Student’s t-test, all p>0.05), size of individual fish
will be taken te be relativelt constant and will not be included
in further analysis.
1, Parameters ef the Algal Lawn

Table g gives the'mean and deviatien fer each of the measure-
mentg:made én the algal lawns defended by residents by species
and subdivided by siﬁe for the Three-sp@t and Dusky. Comparing
the tmﬁql means ( WFR an¢WBR combined), the Three~upots defend
lawns algnmflcantlj smaller than Duskies (t»test. p<0.001) and
Beaugregeries (p«¢0.001), which themselves are net significantly
different (0.1<p<0.2)., At the same time, mean algal cover (cal-

3
A

97
culated as the meanzcever oever the five sample points multiplied

by the mean depth of cever fer the same pmints)'was ﬁignificantly _j,

smaller for the Dusky than fer the ether damselflsh (beth p«0. 001),,

which were net different (0.1<p<0.2). Multiplylng the mean cever
‘and area parameters yields an esfimate of the velume. ef algae
present on the territarles, the means of this meagure are 81gn1f1-
. cantly dlfferent fer all damselfish species palrs (p<0. 001) These
results are represented graphlcally in Fig. ﬁ, and the sepératlgn
of terrmtery morpholegy by gpecies is readlly apparent. |
It is 1nteresf1ng to note that for beth the Three-spet and the

Dusky, the mean values f@r lawn area, cever and volume are n@t

-2 ‘ )
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significantly different between sites, but they are arranged sim-
ilarly abeut the cembined mean for each species., The West Fore .
Reef territories in beth cases are slightly larger and msre sparsly
cevered than.in the West Back Reef area, which méy reflect a aif-
ference in habitat quality (such as light intensity) between the
sites. | t

2, Interacfi&ns between Congeneric Damselfish

All agegressive interactiens between Eupsmacentrus damselfish

wefe recorded, and intruders and neighbers were lumpéd for analysis,
Since I was unable, in mest cases, to be sure of the status of
irespassers, Table 3 liste the aggressive acts reéerded'fer each
‘sp901es t@ward r‘ongem:rlcs and the number of acts’ per minute of
total observation time. The sample size obtained is regrettably
small and ﬁat suitable for full statistical analyéis;'hﬁbwever,
it does appear that while most resident-intruder pairs demenstrated
similar ratés ef aggression, the Beaugregory may be mere aggressive
toward canéﬁgcifics. I have net contrelled for damselfish densities
(theugh théy,appeaféd te\be roeughly eéual for all species) or for
the distinc%iaﬁ between neighbers and "floaters"”, beth of which
‘should directly influence the rates of aggr9531@n @bserved. More g
~careful work 1s called for in this area, |
Table 4 llsts the distance from the rpsident°s.terfitery center
that each 1ntrud1ng c&ngenerlc was allowed te appreach. The'séme:
) data are deplcted graphically as percentages in Fig. 2. None efi
the damselflsh resxdents‘respon%ed differently te the various in-

. N (o . L :
truding cengenerics, th@dgh larger sample sizes might substantiate

oo . b
trends seen in the figures,(Zafc), The responses of the three

residents to cengenerics taken as a whole does show significant

\
|




variation (xzzzs.u,io dgf,p<0.01); the Three-spot will allew con-
generics te appreach its territory center more clesely than will
Beaugregaries or Duskies. (Fig. 24).
3. Response to All Intruders

Aggressien and intrusions invelving fish outside the genus

Fupomacentrus are presented in Table 5. As with congenerics,

aggressive acts include attacks and displays, and the same preceduré
of intrusien measurement was employed, though all fish in this
section were censidered intruders. Few of the other fish on the
reef are strengly territorial, so the "neighber” category was hoet
invelved.

| The number of intrusions for each speclies varied widely, and
the total sample size is small for any one invader. As a result,
the datq%re net well suited to statistical analysis. I calculated
the meén and deviatioen of aggressive acts per minute for the Blue-
head Wrasse (adult and immature), the Yellowhead Wrasse, and the
Striped Parrotfish. In each case, the dev1at1®n exceeded the mean
and cemparlsons between re81dent gpecies were net significant. The‘
most v;sible general trend, shown in Pig, 3, is that the Three—spét
defends a smaller area than the Dusky or the Beaugregoery (X2:37.9,
10 dgf, p<0.005). The latter two species fespond almeost identically
te intruders as a whoele in terms of defended area. ..
Where sufficient samples allow cémparisen in terms eof aggressiQe
,intensify (acts pef minute trespass time), all the damselfish‘are.
quite variable with an everall range of O te 9 aggress¢ve acts per

mlnute toward various intruders. leferent responses by the three

Eupomacentrus species to a single intruder should indicate a vary-

ing degree of ceompetetive threat, i.e. niche overlap, te the res-



ident. An example is the Striped Parretfish, which elicited
responses of 2.3, 1.2 and 0.6 aggressive acts per minute from
Duskies, Three-spots, and Beaugregories respectively. Unfertunately,
further intefpretatien of the results is restricted by the inade-
quate distridbutien and number of observations. The general result
seen that the aggression exhibited varies with the identity of the
intrﬁdihg species?does agree with the observations of previous

researchers (Myrberg and Thresher, 1974; Ebersele, 1977).

\
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Discussion

~ The results of this study indicate that in the ways meaSﬁﬁred.'
‘the Three;spot. Dusky and Beaugregory damselfish differ in the
nature of the reseurces they defend and in the behavier'employed
to defend them; The algal lawn of the Three-spet is small and
lush While that of the Dusky is large énd sparsly covered., The
Beaugregory lawn covers as large an area as the Dusky's, but may
be -as rich as the Three-spot's., I suspect, however, that the
présence of calcareous a%gal ferms on mest Beaugregory territories
acts te iInflate the estimate of algal velume‘present. These nen-
filamentous algal types‘are probably net avaliable to the damsel~
fish as a foed reseurce, and the value for‘uséble algél volume fér
the Beaugregery may be effectively lewer, ahd cleser to the values
for the Three-spot and Dusky. -
I predicted that these differenCeSTih:theiér@Ss’morphelégy
"of the defended resource wouldAbe reflected in the aggressive
behavior used by the three species to defend their térritories. C
The results indidate that the facter responsible for the most 'ﬁ
ebvieus variatien in defense.is the area of the algal lawn. The

Three-spot defends an area ceinciding with its very small and




compact algal lawn; intruding individuals are often allowed to
appreach just to the edge of the patch, 0.25m er less frem the
center of the territery. The Dusky and Beaugregory, whose lawns
do net gignificantly differ in area, exhibit nearly identical
patterns eof defens8e in terms of intrusien distance allowed. This
similarity exists despite the wide gap in algal velume ﬁresent,
as measured,

After lawn area, factors further influencing variation in

defense behavieor are difficult te pinpeint frem the results of this

study. The Beaugregery territory may, in fact, be richer in terms

of volunme of algae avaliable; the relatively high degree of intra-

specific aggressien exhibited by Beaugregories may reflect large

demands for algal resources., In contrast, Three-spets and Duskies'

appear t@’be relatively telerant of conspecifics, This. situstion
could Eoincide with the std®ility of the territorial cemmunities
on the wh@leArather‘than a difference in reseurce levels, Bg%u;
gregories appeared +to wander more regulafly than the ether damsel-
fish species, and they‘m;y pese a greater threat to conspecifics
ag a result. A

The variatlen in area defended with the area of the lawn is
supported by the ‘data eon beth respoenses to ‘congenerics and to

intruders in‘general. I am unable to reach streng cgnclusians

concerning the variation of aggressive regponse te different tres-

 passing species between the three damselfish. As is often the
cage with behavieral studies of this kind, a very large sample
size weuld be required te clearljwelucidatevthe resp@nées of the

different Eupomacentrus residents., As mentiened abeve, species

‘discrimination is apparent in the respenses of the damselfish,




and the defensive hierarchy, maintained due to the range of com-
petetive threat of int:uders. could be clearly detefmined fer each
resident species with further study. I still feel that differences

between the hlerarchles of the Eupomacentrus species would be use-

ful in determining the degree of niche everlap within the genus
and would aid in;fhe‘clarificatien of the structure of the damsel-
fish cemmunity, but my results are inadequate for this analysis,

The most important questien to be asked in interpreting these
results is whether the factéré measugred are in fact impertant in
permitting the‘oaexistance of the three damselfish species on the
reef, Cod? (1974) reviewed the mechanisms underlying ecological
isolatien and ceexistance in birds, and I will use his study as an
oﬁtline for this discusasioen, ag the processes invelved shoeuld be
largely similar for both birds and fishes.

A. Segregation by Habitat
1. Segreggation sn a geegraphic scale. This factér islnaf ih?

- velved, since the spe01es are coex1stant over ‘a bread . ge@graphlc

range (Randall,\ﬂb%)

1 2. Segregation by Altitude. Depth may influence the community
in this éense. As noeted abeve, the Beaugfegory is net feund. - |
in the deéper reef zones. Still, some mechanism musf explain |
thé‘ccexistance of the three species inthe back;reef area, and
of twoe species in most other areas of the reef system.,r,”'

/3. Local or Between—habltat_Segregatlen. As ‘with depth, habitat

preferences may be an important factor, especially in acceuhtL

ing for the coexistance of théﬁBeaugregory and the Dusky.-

Beaugregories are not found in the fofenreef habitat, and Duskies

are present but rare in the lagoon area, in shallow water, The

-
~
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back-reef area, then, appears to represent a narrow zone of over
lap between these two specieés, and to some degree, the close
"similarity of the territorial behavior of the Beaugregory and
the Dusky may be indicative of niche overlap toé extensive to
allow extensive caexistance. Again, the back reef community
appears to be a falrly stablesystem w1th all three species
‘present. Factors other than habitat selection alone must permlt
the coexistance of three species in small areas, and two specles
gver large é@nes,ef the reef complex.
b, Withiﬂ~ha§itat Segregation. This mechanism, which 1nc1udes
p901a115at16ns to both struetural and blological. aspects of
the envfronment,.in apparently involved to a conglderable degree
in the»daméelfish community. Three-spots tend to defend iawns

grqwing on Acropora cervicornis, Duskies defend large rubble

and Montastraea annularis mounds, and Bﬂaugregorles are usually

found near flat coral rudbdble (personal observations). Overlap
~ in these preferences\}S extensive, though I have not quantified

this character of the damselfish community. It is difficult to

‘see how substrate cholce alone would permit extensive ceexxstamce‘

in the dﬁmselflsh communlty, and this segregation fails %o ac-
‘count for the persistence of intersp901flc territoriality.
B. Vertical Stratification of Feeding Zones. Though this factor.
is the most important in determining the structure oikbifa com-
munities in tall habitats (Cody, 1974), there probably exists

little opportunity for vertical stratification among benthic reef

fishes such as the damselfishes. In this sense, the coral reef ¢

represens a structurally simple habitat in which other isolating

mechanlams must predominate.



C. Differences in Food and Feeding Behavior. Normally, the com-
bination of body morphology and feeding behavier, which deter-
ﬁines the. food resources exploited by a species, will be suf-I.
ficiently adaptable to enable closely related spséies to coexiét
through charater divergencé and reduced niche overlap; In birds,
bill morphology and feeding behavior alone are sufficiént to char-
acterize the food aspeets of ecological isolétion (Cody, i9?4:35);‘
but the situation is less clear in the damselfishes. The three
spécies in question show little divergence in body size,orfesding -
adaptations, and, unlike most bird species, they do “not overlap .

in the lo¢ation of feeding ac%iVity due to the interspecifically
territorial system. Randall (1967) desribed the gut contents of
the three species:and found wide overlap in types of food taken. |
Food preferences slone do not appear to account for niche sepgfam.
tionybetween these generalist speciles.

D. Time. Cody's final mechanian concerns segregation due to timing :
of breeding seasons orgto differences in diurnal activity patterns,
resulting in sepefatiogkcf resources explolted. This mechanism

~is probably not involved here, since the damselflqh are terrltor— Af

ial throughcut the year and exhibit similar diel behavior. B g

Even when taken in combination, Cody's roexlstence mechanlgms

are unable to completely account fcr the structure of‘the Eugomacen»

trus cqmmunity. and additional factors must be involved to explain
‘the persistence of interspecific territoriality and the similarity'
of the three damselfish species, :Wilsoh (1975;262) butlined five
Wé§§ By Wﬁié% an animal can gain ekciusive use of terrain: 4
1. Overt Defense '
2, Repulsion by Advertl sement

3. Selection of different living quarters by different
' life forms (i.e. complete habitat segregation)




4

——

Lk, Random effects of dispersal.
5. Some combination of these effects

. The damselfish community structure is probably best explained
by the distribution of individuals due td random effects coupled
with exclusive resource use resulting from intérspecific territor-
iality, Sale (1974;1975) and Itzkowitz (1977) f@und that dispersal
of juvenile damselfish played an 1mportant role in the establlsh-

ment of damselfish terrltorles. The random aapect of this process

S may to:a*large ﬂégree account for the coexistence in the Eupomacentrus

A\

by continually introducing individuals of ail three species into
vacancies in the community.

Territory size has been shown to vary with the number éf com-
petitors coexisting with territorial birds (Yeaton and Cody, 1974).
Where more competitors are present, territory size increases to
compensate for resources lost due to the numerous niche overlaps.,
That territory size varied little in the DuskyﬁaﬁdPThreeéspot when
the Beaugregory was pregent ( in fact tﬁeitérritaries of both were
smaller with the Beaugregory present on the back reef) implies that
the damselfish do not respond to fluctuations in competetive pressure
by adJusthv territory size. Rather, it appears that. as omnlvores
in the diverse reef fish communlty. damselflsh are subjected to
niche overlap frOm so many competltors that a unique strategy has
replaced area compensatlon. Unable to increase terrltory size in °
the face of extreme competition, probably due to -the 1ogis£ic§ and |
mechanics of defense over 1érge areas of reef, the damselfish have

regsorted to complete defenseof small, rich territories, excluding

-
a
KA

all intruders which pose a competetive threat. If this is the casé, f
then the 'situatioéon in these reef fish would be a stréong example of

interspecific territoriality as an adaptive strategy. The random



effects of juvenile dispersal and the intense competetive environ-

ment of the coral reef may set damselfish territoriality apart

from Murray's (1971) model for interspecific territoriality in birds.

As a final ﬁointi the gimilarity of territhial_systems.of the

three Bupomacentrus species may in fact be as important as the

differences I investigated. Cody (1974;163) lisits three factors
which will promote similarity in appearance:ta. common ancestty;

b. common niche characteristics; and c¢. selection for common signals
!

used\in territorial defense., These similarities can exist eiﬁhér
‘as a result of convergeﬁt evolution or a lack of divergénce, 411
aépects of this phenomenon méy bé ih&bived in the structure of the
damselfish community.

In conclusion, the mechanisms which permit the coexistance of

the thres Eupcmaﬁénﬁrus species on the coral reef appear to be com-~

plex and subtle. Though I have shown that the species do vary in
the morphology of the algal lawns defended and in the aggressive
behavior by which the terfitory is maintained, it is not yet clear
how the parameters ofthe terfitories themsel&es aré involved in the
structure of the community as a whole. The daméelfiéh are a uniqué
and fascinating component of the coral reef fauna, and further |
study concerning the niéhe parameters and'cémpetetive interactions“
which underly thé-coexistance ofthesefinterSpecifiéally territorial
species éh@uld be fruitful and have'important implications for

b .
the evolution of territoriality and community structure.
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