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Abstract Coral reefs throughout the world are highly 
degraded and subject to an increasing prevalence of 
disturbances. Degradation of coral reef habitats is likely 
to lead to a decline in resource availability for many reef 
fishes. To assess whether coral-feeding butterflyfishes 
(Chaetodontidae) would de~uonstrate increased 
competition for reduced prey following habitat 
degradation, the competitive behaviours of several 
species of butterflyfishes were quantified at Lizard 
Island, Great Barrier Reef, Australia. We compared the 
aggressive interactions of butterflyfishes in two reef 
habitats with very different resource availability during 
timed visual observations. Home range sizes o f  two 
species (Cl~artodoii baroiiessu and C. lcrnalatns) were 
measured at four sites with varying coral availability. 
The dominant butterflyfishes at Lizard Island apprear to 
be C. buronessu and C. trijuscialis, which show 
aggression towards Inany other species of butterflyfishes. 
At exposed locations where its preferred prey was highly 
abundant, C. boror~essa aggressively defended small 
territories. In back-reef locations where food was more 
limited, C. buroriessu had larger territories and was less 
aggressive towards other butterflyfish. Territory size 
varied little between habitats for C. lunrrlat~rs, and it 
rarely showed aggression towards other butterflyfish. As  
its territory size was a decreasing function of the 
abundance of high-quality preferred prey resources, C, 
boronessa appears to be an opti~nal forager. Meanwhile, 
C. /roirrlahrs appears to be a subordinate comnpetitor, 
restricted from accessing high-quality coral prey, and 
consequently it utilises a different optimal foraging 
strategy. 
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Introduction 
Coral reefs are being highly degraded by many types 

of disturbance (such as cyclones or outbreaks of crown- 
of-thorns starfish) that can vary in their effect at small 
scales (<I km) and further increase spatial variability in 
benthic habitats (Brown 1997). The increasing 
prevalence of disturbances on coral reefs, such as coral 
bleaching (Hoegh-Guldberg 1999), is leading to 
worldwide degradation of habitats for reef organisms. 
This degradation, when combined with naturally 
occurring habitat variation at small scales (reviewed by 
Done 1982), is likely to affect fishes with close links to 
their habitat, especially fishes with obligate coral feeding 
requirements, such as butterflyfishes (Hourigan et al. 
1988). 

Butterflyfishes are among the most colmnon and 
conspicuous fishes in coral reef communities (Burgess 
1978), with more than 125 species distributed worldwide 
in tropical and temperate waters (Kuiter 2002). The 
distribution patterns of butterflyfishes are often closely 
related to the distribution of their particular prey 
resources (eg. Birkeland and Neudecker 1981; Carpenter 
et 2.1. 1981). For coral-feeding fishes, the co~nposition 
and quantity of prey resources varies greatly across a 
range of different spatial and temporal scales. It has been 
well documented that butterflyfish abundances often vary 
in accordance with coral cover and often decline 
following extensive coral depletion (e.g., Bouchou- 
Navaro et al. 1985; Hourigan et al. 1988; Cadoret et al. 
1995; Halford et al. 2004; Berumen and Pratchett, 
unpublished), even pro~npting the notion that this family 
may be useful as an indicator of environmental quality 
on coral reefs (Hourigan et al. 1988; Crosby & Reese 
1996). Degradation of coral resources may also lead to 
sublethal stresses in butterflyfishes (e.g., Pratchett et al. 
2004), however, there has been no work done on the 
behavioural responses of butterflyfishes to a decline in 
coral cover. Variation in the availability of prey amongst 



habitats may lead to differences in competitive 
aggression and territoriality (Vincent et al. 1996; Ritchie 
1998; Robinson and Wilson 1998). As a consequence, 
feeding selectivity, territory size, and aggression vary 
even among individuals occupying adjacent territories 
(Irons 1989). When prey is highly abundant it may be 
profitable for individuals to defend a particular resource 
from competitors. However, in some habitats it may not 
be viable for an animal to defend a territory aggressively 
(Brown 1964; Hixon 1980; Tricas 1989). If resources are 
limited and the animal must cover a wide area to forage, 
the energetic cost of defending this area may outweigh 
the benefits (Ritchie 1998). By forsaking the 
maintenance of territories, individuals can spend more 
time feeding and may thereby compensate for the lack of 
optilnal prey resources (Hughes 1980). 

In this study, we examine the competitive behaviours 
of butterflyfishes a t  Lizard Island. We further compare 
the territorial hehaviour of two hutterflyfishes to explore 
how differences in the availability of resources affect 
territoriality. At Lizard Island, Cl~aeiodon baronesso 
Cuvier 1931 has been shown to be highly selective when 
its preferred coral prey, Acroporu hyaciilfhrrs, is 
available, and a generalist when A. hyacinthus is rare 
(Berumen et al. 2005). At  Lizard Island, C lro~rrlairrs 
Quoy and Gaimard 1824 (previously referred to as C. 
hYfasciatr~s) is a generalist corallivore, consuming Inany 
types of available corals in all habitats (Berumen et al. 
2005). Three basic predictions arise: I )  Assuming that 
fish will only dedicate the ln in i~nu~n energy necessary to 
defend a territory, w e  predict that territory size will be a 
decreasing function of prey abundance. 2) As the value 
of a resource increases, an animal should accordingly 
increase the amount of energy dedicated to securing that 
resource. Therefore, we predict that butterflyfishes will 
more aggressively defend territories where preferred prey 
is most abundant. 3) Similarly, as specialist fish are 
predicted to specialize on that resource providing the 
tnaxi~num energetic return (Hughes 1980), we predict 
that specialists will be more aggressive than generalists 
in areas where this optimal resource is !nost abundant. 

Methods 

Sfrrdy Locafion 
This study was conducted between January and April 

2000 at Lizard Island (14'40'S, 145'27'E) on the 
northern Great Barrier Reef, Australia (Fig. 1). The 
competitive behaviours o f  hutterflyfishes were observed 
at each of four locations: South Island, Coconut Beach, 
Osprey Islet, and Corner Beach. South Island and 
Coconut Beach were situated on the southeast side of 
Lizard Island and directly exposed to the prevailing 
southeast hxdc winds, whereas Osprey Islet and Corner 
Beach are relatively sheltered habitats (Fig. 1). At 
Osprey Islet and Corner Beach the reef was co~nprised of 
isolated reef patches in 3-6m depth, which did not exhibit 
any obvious patterns of depth zonation. At  these 
locations, observations were conducted throughout larger 
reef patchcs, avoiding areas of sand separating the reef 

patches. At South Island and Coconut Beach the reef was 
co~nprised of contiguous fringing reef with distinct 
zonation of the reef flat, crest, slope and base. Here, 
sampling was confined to the reef crest, providing a 
depth range similar to the isolated reef patches at 
sheltered locations. At  exposed locations (South Island 
and Coconut Beach) hard coral cover was in excess of 
50% and dominated by the tabular coral A. l ~ ~ ~ a c i i ~ i l ~ ~ i s ,  
while hard coral cover at sheltered locations (Comer 
Beach and Osprey Islet) was typically less than 15% and 
soft corals (family Alcyonacea) dominated the reef 
benthos (Berumen et al. 2005). 

Fig. I.  Sites used for the study of butterflyfish territory 
sizes at Lizard Island, Great Barrier Reef, Australia. 
South Island and Coconut Beach represent front-reef 
habitats with high coral cover (>50%), whereas Corner 
Beach and Osprey Islet represent hack-reef habitats 
typically dominated by soft corals and with low coral 
cover ( 4 5 % ) .  Dashed lines indicate the approxi~nate 
reef outline. Inset map of Australia indicates approximate 
location of Lizard Island. 

Tei-rilory Size 
To assess the territory size of butterflyfishes, 

individuals of C baroilessa and C. lui~rrlaius were 
followed at a discreet distance of 1-3 metres, following 
Reese (1975). The total time required to obtain accurate 
estimates of the territory size of butterflyfish was 
ascertained during a preliminary study in which 
individuals were observed for 30 minutes. Two transect 
tapes were laid at right angles within a fish's territory to 
provide references points on a 50m x 501n grid. The fish 
was given approximately 15 minutes to acclimatise to the 
tape. The position of the fish within the grid was then 
recorded at 45-second intervals as Cartesian coordinates 
(X, Y) with reference to the two tape measures. A 
~ n i n i ~ n u ~ n  of I0 points was used in the calculation of 












