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INTRODUCTION

Black-band disease affects certain species of reef-
building corals in the Caribbean, Florida Keys and
Indo-Pacific regions (Rützler et al. 1983, Antonius
1985, Edmunds 1991, Kuta & Richardson 1996, 2002).
The ‘black-band’ is composed of a complex microbial
community dominated by the filamentous cyanobac-
terium Phormidium corallyticum (Rützler & Santavy
1983). The disease progresses as a consolidated band
across the surface of a coral colony, destroying tissue
by anoxic exposure and leaving only the exposed coral
skeleton (Rützler & Santavy 1983, Edmunds 1991,
Carlton & Richardson 1995, Richardson et al. 1997).
Black-band disease is one of the few coral diseases for

which the etiology and mechanism of coral death are
known. However, little is understood of what factors
contribute to the susceptibility of individual corals to
black-band disease or of how the disease is transmitted
between colonies.

In order for black-band disease (or any infection) to
occur, the pathogen must first overcome the defenses
of its potential host. Corals have a suite of defense
mechanisms, e.g. muco-ciliary response to rid them-
selves of sediment and other settling organisms (San-
tavy & Peters 1997, Mascarelli & Bunkley-Williams
1999), various chemical (Gunthorpe & Cameron 1990,
Koh 1997, Gochfeld 2004) and nematocyst (Mariscal
1974, Hidaka & Miyazaki 1984, Hidaka et al. 1987, Big-
ger 1988, Gochfeld 2004) defenses, and phagocytic

© Inter-Research 2006 · www.int-res.com*Email: greta@hawaii.edu

Factors affecting susceptibility of the coral 
Montastraea faveolata to black-band disease

Greta S. Aeby1, 3,*, Deborah L. Santavy2

1Department of Biology, University of West Florida, 11000 University Parkway, Pensacola, Florida 32514-5751, USA
2US Environment Protection Agency, National Health and Environmental Effects Laboratory, Gulf Ecology Division, 

1 Sabine Island Drive, Gulf Breeze, Florida 32561-5299, USA

3Present address: Hawaii Institute of Marine Biology, PO Box 1346, Kaneohe, Hawaii 96744, USA

ABSTRACT: Black-band disease affects many species of tropical reef-building corals, but it is unclear
what factors contribute to the disease-susceptibility of individual corals or how the disease is trans-
mitted between colonies. Studies have suggested that the ability of black-band disease to infect coral
is enhanced by different stressors. We examined the effect of both water temperature and mechani-
cal injury on the ability of this disease to infect the reef coral Montastraea faveolata, and investigated
the possibility of an interaction between the 2 stressors. Under laboratory conditions, Phormidium
corallyticum was able to successfully invade all injured fragments but no uninjured fragments of
M. faveolata, irrespective of temperature regime. We also determined whether the local coral-feed-
ing butterflyfish Chaetodon capistratus was involved in the inter-colony transfer of black-band dis-
ease. In aquaria, the presence of C. capistratus increased the rate at which the disease spread from
infected to non-infected fragments of M. faveolata. Both corals that were protected from and those
that were exposed to fish predation contracted the disease. Hence, either direct oral transmission of
the pathogen from colony to colony and/or indirect fecal transmission could be occurring. Variables
such as potential stressors and/or disease vectors on a reef could contribute to the patterns of black-
band disease observed in the field. 

KEY WORDS:  Black-band disease · Susceptibility · Coral · Coral injury · Coral disease · Transmission ·
Vectors · Butterflyfish

Resale or republication not permitted without written consent of the publisher



Mar Ecol Prog Ser 318: 103–110, 2006

cells that can engulf and destroy microorganisms (see
also reviews by Mullen et al. 2004, and Sutherland et
al. 2004). Certain species of corals become infected
with black-band disease. However, it is uncertain how
this disease is established on the corals or what factors
contribute to their susceptibility. The disease is more
prevalent during the warm summer months (Antonius
1981, 1985, Rützler et al. 1983, Taylor 1983, Edmunds
1991, Kuta & Richardson 1996, Bruckner et al. 1997)
and in locations where poor environmental conditions
persist. Increases in black-band disease were observed
by Antonius (1989) in polluted waters near industrial-
ized areas, and by Bruckner et al. (1997) in areas with
high sedimentation and algal overgrowth. Injury has
also been found to increase a coral’s susceptibility to
black-band disease (Rützler et al. 1983). These find-
ings suggest that the ability of black-band disease to
infect corals is enhanced by different stressors, e.g.
increased water temperature, water quality or injury.
However, this hypothesis has never been tested under
controlled laboratory conditions.

The first objective of this study was to examine the
affect of both water temperature and mechanical
injury on the ability of black-band disease to infect the
reef coral Montastraea faveolata. We considered that
there might also be an interaction between these 2
stressors in the attachment and invasion of the black-
band microbial consortium. Increased water tempera-
ture may only result in infection by the black-band
microbial consortium if there are stressed or injured
colonies on the reef. Conversely, injury may only result
in infection if the temperature is high enough to
enhance bacterial growth. Hence, we also explored
the interactions between temperature and injury and
how these affect a coral’s susceptibility to black-band
disease.

Establishment of disease in a host population would
not only require the ability to invade a host but also a
mechanism of transfer between hosts. Transmission of
disease between susceptible hosts can occur by direct
contact, dispersal through air or water, or by vectors
(Ewald 1987, 1994). Transmission of black-band dis-
ease has been shown to occur through direct contact
(Rützler et al. 1983), and possibly transference by pre-
vailing currents (Bruckner et al. 1997). However, stud-
ies on the distribution of black-band-affected colonies
on reefs have not produced consistent patterns sup-
porting any specific dispersal mechanisms (Bruckner
2002). One mechanism that has not been considered is
the transmission of black-band disease by vectors. The
study of coral disease often only examines putative
coral-pathogen relationships or environmental factors
that might contribute to a compromised host. However,
corals are impacted by a variety of reef organisms,
especially reef fishes. We know that reef fishes can

have positive and negative impacts on corals. Coral
predators, such as butterflyfishes or parrotfishes, can
negatively impact the growth and distribution of corals
(Neudecker 1979, Cox 1986, Kosaki 1988, Miller & Hay
1998). In contrast, herbivorous fishes benefit the corals
by grazing the algae that could otherwise compete
with the corals for space on the reef (Jones et al. 1991).
Close interactions between corals and reef fishes sug-
gest that fishes could play an important role in coral-
disease processes. 

Butterflyfishes are common reef fishes that associate
closely with live corals and are likely candidates for af-
fecting the dynamics of disease transmission. They are
coral predators that maintain territories or home ranges
within a small area of the reef. They swim from colony
to colony feeding repeatedly on the corals within their
territories (Reese 1975, 1991, Hourigan 1987, Tricas
1989a, Kosaki 1999). A diseased coral located in a but-
terflyfish’s territory, could be a source of the disease
agent(s), with the fish acting as vector, transferring it to
other colonies. Butterflyfishes could transmit black-
band disease between colonies by oral and/or fecal
transmission: Fishes feeding on diseased tissue could
orally transmit the primary disease agent when they
subsequently feed on a non-diseased coral, and/or fecal
transmission could occur after they feed on the disease
agent, which then passes through the gut and is re-
deposited on other corals during defecation. 

Transmission of pathogens by vectors is common
in the terrestrial environment (Aeschlimann 1991,
McCallum et al. 2004), and has recently been docu-
mented in the marine environment. Sussman et al. (2003)
found that the marine fireworm Hermodice carunculata
is a vector for the coral-bleaching pathogen Vibrio
shiloi. The common butterflyfish in the Florida Keys,
Chaetodon capistratus, is a coral predator, and has been
observed feeding directly on the black-band consortium
from diseased corals within its home range (H. Hudson
pers. comm.). This fish species is a likely candidate for
transmission of black-band disease between colonies in
South Florida. The second objective of this study was
thus to determine if this butterflyfish aids in the trans-
mission of black-band disease.

MATERIALS AND METHODS

Injury/temperature interaction. A factorial experi-
mental design was used that employed an injured
coral fragment, an uninjured coral fragment, low-
temperature exposure to simulate winter conditions
(23 to 25.5°C), and high-temperature exposure to sim-
ulate summer conditions (27.5 to 29.5°C). We collected
7 large fragments from different coral colonies of Mon-
tastraea faveolata on reefs in the Florida Keys. The
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corals were allowed to recover in flow-through seawa-
ter tables at Mote Marine Laboratory, Summerland
Key, for 1 to 2 d, and were then dry-shipped in coolers
(Bronikowski 1982) to the Gulf Breeze Laboratory
(Florida), where they arrived within 24 h. Coral frag-
ments were immediately placed in large 90 gal (340 l)
aquaria. After several days acclimation, each fragment
was cut into 4 similar-sized pieces to ensure that genet-
ically identical fragments of coral from the same colony
were used for each experimental run. The coral frag-
ments were allowed to recover for several days after
cutting before use in the experiments. Each coral frag-
ment was maintained in a 2 l beaker of artificial salt
water with aeration. The beakers were placed in an
incubator at experimental temperature. Black-band
mats were obtained from diseased colonies on reefs in
the Florida Keys. They were maintained in large
beakers of artificial seawater with small pieces of
corals used as a food source. A bubbler was placed in
each beaker, and they were kept in an incubator at
approximately 29°C with a 12 h light/dark cycle. 

For the experiment, an injury was created by scrap-
ing off a small area (~1 cm2) of tissue with sterile for-
ceps. A similar-sized black-band mat was then placed
on each coral fragment. The mat was placed on the
injured tissue in the injured treatment group and was
usually similar in size to the injured area. All inocu-
lated coral fragments were observed daily for evidence
of attachment and invasion or penetration of Phormid-
ium corallyticum mat into the coral tissue. Coral de-
fense mechanisms against P. corallyticum were also
examined. These included both the ability of the coral
to remove the mat of P. corallyticum from the coral sur-
face and the visual disappearance of the black-band
mat from the beaker. Experiments were run for 8 to 9 d. 

Butterflyfish transmission experiments. In labora-
tory studies, we assessed whether fish aid in transmit-
ting black-band disease by measuring the transmission
rate of black-band disease from a diseased coral to a
healthy coral in aquaria with and without the coral
predator Chaetodon capistratus. Butterflyfish C. capis-
tratus were obtained from a professional fish collector
in the Florida Keys and allowed to acclimate to captiv-
ity for at least 1 wk before use in experiments. Since
only limited amounts of coral were available their diet
was supplemented daily with live brine shrimp. To
minimize the number of fish removed from the reefs,
each butterflyfish was used for 2 experimental runs. 

We obtained and treated 8 large fragments of Mon-
tastraea faveolata as described above, with the excep-
tion that each coral fragment was cut into 6 pieces.
Fragments from the same coral colony were used for 1
experimental run or replicate. Fresh black-band mats
were periodically obtained from the field and used
throughout the experiment. 

In 70 gal (265 l) aquaria 2 healthy, uninfected, coral
fragments and 1 fragment artificially infected with
black-band disease were placed onto plastic-mesh
trays. The diseased fragment was positioned equidis-
tant between the 2 healthy fragments (∼10 cm apart).
We used 2 identical aquaria in a paired design to con-
trol for waterborne transmission of black-band disease
between corals; 1 tank contained a butterflyfish and 1
did not. Strong bubblers were placed in the aquaria to
provide good water circulation and similar water mo-
tion. Periodic, partial, water changes were conducted in
each aquarium to maintain water quality. We investi-
gated whether the mechanism of transfer of black-band
disease from fish to healthy coral was oral and/or fecal:
1 of the 2 healthy coral fragments was protected from
fish predation by a plastic-mesh predator-exclusion
cage, and 1 was exposed to fish predation. All experi-
mental aquaria were maintained at 28°C with a 12 h
light/dark cycle. We found these conditions optimal for
maintaining all 3 organisms (fish, coral, black-band
consortium) in a healthy condition. 

All corals were examined daily for signs of black-
band disease and the presence of Phormidium coral-
lyticum filaments. If evidence of tissue invasion was
observed on the coral’s surface, we verified the pres-
ence of live P. corallyticum filaments in the black-band
microbial consortium by microscopic examination. The
experiment was terminated when P. corallyticum fila-
ments were observed invading the tissue surface of
any of the healthy corals (44 healthy pieces/run). The
experiment was replicated 8 times; a different coral
colony was used to generate fragments for each exper-
imental run. 

RESULTS

Injury/temperature interaction

Prior injury had a significant effect on the ability of
Phormidium corallyticum to invade a coral, with 100%
of injured fragments becoming infected compared to
none of the uninjured fragments (Wilcoxon signed-
rank test, p < 0.01, n = 6 pairs of fragments) (Table 1).
In contrast, water temperature did not have a signifi-
cant effect (Wilcoxon signed-rank test, p > 0.05, n = 6
pairs). Injured corals became infected with the disease
regardless of temperature condition, whereas unin-
jured corals never became infected, even in the high-
temperature treatment. However, within the injured
treatment group, P. corallyticum invaded corals at the
higher temperature after an average of 1.6 d (±0.2 SE)
compared to an average of 2.3 d (±0.2 SE) for corals at
the low temperature (Wilcoxon signed-rank test, p <
0.06, n = 6 pairs).
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Of 12 uninjured corals, 6 displaced the Phormidium
corallyticum mat from their surface (Table 1). The
injured corals never displaced the mat. There was no
effect of temperature on this displacement ability, with
3 corals from each group (uninjured high and unin-
jured low temperature) displacing P. corallyticum. Dis-
placed P. corallyticum was usually found on the bottom
of the beaker, where it frequently grew and spread. In
9 of the 12 uninjured fragments, P. corallyticum was
able to attach to the non-living, cut side of the coral
piece, but was not able to successfully invade the live
tissue. By the end of the 9 d experimental period, there
was no evidence of live P. corallyticum on 6 of the 12
uninjured fragments. In 1 of the injured fragments,
P. corallyticum successfully invaded the coral by Day 1
but by Day 7 the size of the mat was diminishing and
by Day 9 no live P. corallyticum was evident.

Butterflyfish transmission experiments

The presence of the butterflyfish Chaetodon ca-
pistratus increased the rate at which black-band dis-
ease spread between coral fragments (Wilcoxon
signed-rank test, p < 0.001, n = 8 pairs). In 7 of the 8
experimental tanks (with fish), healthy coral became
infected with Phormidium corallyticum (Table 2). None
of the healthy corals in the tanks without fish (control
tanks) contracted black-band disease. The average
number of days for P. corallyticum to invade the host
tissue in tanks with fish was 18.5 d (range = 5 to 35 d).
Transmission of P. corallyticum was not dependent
on direct contact with the fish, with 6 of the 8 caged
coral fragments becoming infected (Wilcoxon signed-
rank test, p = 0.65, n = 8 pairs; Table 2). C. capistratus
was observed feeding directly on the black-band mats
in the laboratory. 

DISCUSSION

In the laboratory, injury significantly increased the
susceptibility of Montastrae faveolata to black-band
infection. Phormidium corallyticum was able to invade
the tissue of all injured corals but none of the uninjured
corals. Injury appeared to impair the defense mecha-
nism of the corals, allowing invasion of the pathogens.
Similarly, corals in stressed environments may also
have impaired defense mechanisms. Fine & Loya
(2003) studied the competitive outcome between the
stony coral Oculina patagonica and bryozoans. Usually
O. patagonica is competitively superior to bryozoans,
but the competitive outcome was reversed when
bleached corals were challenged. Fine & Loya (2003)
found that healthy corals translocated photoassimilates
produced by the zooxanthellae to the part of the colony
engaged in competition with bryozoans, whereas
bleached corals did not. As a consequence, bryozoans
were able to overgrow bleached corals. Many studies
have suggested that different types of environmental
stress may contribute to increases in the incidence of
coral disease (Antonius 1989, Santavy & Peters 1997,
Bruckner et al. 1997, Harvell et al. 2001, Bruno et al.
2003). Our results support this, showing that injured
M. faveolata have a significantly increased susceptibil-
ity to black-band disease. 

The fact that Phormidium corallyticum did not
invade any of the uninjured corals was unexpected,
since the black-band mat was placed directly on the
corals in a small, enclosed system and presumably all
the corals were stressed by the artificial conditions of
the experiment, which could have favored P. coral-
lyticum invasion of tissue. Apparently, the short-term
stress associated with the experiment did not impair
the coral’s ability to resist invasion by P. corallyticum.
In fact, half of the uninjured corals were able to com-
pletely remove the black-band mat from their surface.
Black-band mats initially placed on the coral were
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Table 1. Montastraea faveolata. Effect (% coral fragments
affected) of Phormidium corallyticum mat placed on coral
fragments during temperature treatments. (high temp. = 27.5
to 29.5°C, low temp. = 23 to 25.5°C; n = 6). Duration of each
experiment was 8 to 9 d. Attached: attachment of P. coral-
lyticum filaments to living or non-living surface of coral frag-
ment; Invaded: penetration of P. corallyticum into coral tissue;
Displaced: mat of P. corallyticum detached from coral surface;

Dead: no visual evidence of P. corallyticum mat

Treatment Attached Invaded Displaced Dead

Injured:
high temp. 100 100 0 17
low temp. 100 100 0 0

Uninjured:
high temp. 67 0 50 50
low temp. 67 0 50 50

Table 2. Montastraea faveolata. Time required to become in-
fected with black-band disease in presence of a butterflyfish
predator. Caged coral were protected from fish predation 
(fecal transmission), uncaged corals were exposed to fish
predation (oral transmission and/or fecal transmission).
+: coral infected with black-band disease; –: coral not infected

Coral Duration of experiment (d) Caged Uncaged

1 35 – –
2 15 + +
3 20 + +
4 28 + +
5 5 + –
6 12 + +
7 11 + –
8 22 – +
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found at the bottom of the beaker on the following day.
On other control corals, the black-band mat was
removed from the living surface but was able to attach
to the cut sides of the coral. However, the infection was
unable to penetrate the tissue. Given more time these
mats may have been able to eventually overcome the
host’s responses and invade the coral. 

Microscopic examination of the disease interface of
corals revealed that polyps in contact with black-band
mats had everted their mesentarial filaments, thereby
pushing the mat off of the coral surface. We also
observed a high density of nematocysts combined with
Phormidium corallyticum filaments in the tissue
scraped off the coral. Although merely incidental,
these observations do offer some insights into potential
mechanisms that Montastraea faveolata may employ
in defense against P. corallyticum. In one instance, the
black-band mat remained on the uninjured coral’s sur-
face and even spread across the surface for 6 d. It was
initially thought that tissue invasion might have
occurred. However, on Day 7, the black-band mat was
found on the bottom of the beaker and microscopic
examination found no invasive damage apparent on
the coral’s surface. In contrast, corals with even a slight
injury were unable to prevent infection.

Distribution of black-band disease in the field could
also be affected by injury to corals, whether by natural
or anthropogenic means. The activities of several spe-
cies of reef fishes cause significant harm to corals. For
example, predation by parrotfishes creates large
wounds on coral colonies (Bruggemann et al. 1994,
Bruckner & Bruckner 1998) and the activities of certain
species of damselfishes can damage corals and even
affect the distribution of some coral species (Kaufman
1977, Wellington 1982). Human-inflicted injury, such
as anchor or diver damage, could also affect corals.
Reefs with corals that suffer any type of mechanical
injury would be more susceptible to black-band infec-
tion. Incorporating variables such as sources or evi-
dence of coral injury into future field studies should
produce a clearer picture of proximate factors affecting
disease dynamics. 

Temperature did not affect the ability of Phormidium
corallyticum to establish black-band disease on a coral.
This was unexpected, since field studies have found a
higher incidence of black-band disease in the warmer
summer months (Antonius 1981, 1985, Rützler et al.
1983, Taylor 1983, Edmunds 1991, Kuta & Richardson
1996, Bruckner et al. 1997). However, our experiment
examined only the initial stages of attachment and
invasion of P. corallyticum into the coral tissue, not the
subsequent rate of progression after invasion. We did
find that P. corallyticum invaded injured corals in the
high-temperature group earlier than injured corals in
the low-temperature group. Perhaps increased water

temperature does not alter the coral’s susceptibility to
the attachment and invasion of P. corallyticum, but
does enhance the rate of progression of the disease
across the coral once it has become established.

Other studies have found temperature to be impor-
tant in initiating the virulence of pathogens. Rosenberg
& Ben-Haim (2002) studied the bacteria Vibrio shiloi,
which causes bleaching in the coral Oculina patago-
nica. They found that bacterial infection only occurred
at higher water temperatures in summer, and that sev-
eral of the bacterial-virulence factors were tempera-
ture-regulated. We found no evidence to suggest that
the initiation of black-band disease was temperature-
dependent. Thus, no correlation between water tem-
peratures and the presence of black-band disease can
be drawn at this time. 

Under laboratory conditions, the presence of the but-
terflyfish Chaetodon capistratus increased the rate at
which black-band disease spread from diseased to
healthy coral fragments. The disease was transmitted
to healthy corals in aquaria with the fish but not in
aquaria without the fish. This suggests that C. capistra-
tus may be involved in the transmission of black-band
disease between corals. The mechanism of transfer
was not determined, since corals protected from direct
contact with fish and corals exposed to fish predation
both contracted the disease. Hence, neither direct oral
transmission of the pathogen from colony to colony nor
indirect fecal transmission could be ruled out. Reef
fishes have been found to be vectors for disease trans-
mission in other organisms. For example, they have
been implicated in the transmission of the herpes virus,
the cause of tumors in green sea turtles. Lu et al. (2000)
observed the saddleback wrasse ‘cleaning’ green sea
turtles, including their tumors, and found the snouts of
wrasses contaminated with the herpes virus, as well as
their liver and gills, suggesting that wrasses acting as
vectors might be one mechanism by which the virus is
transmitted between turtles. 

Other studies have found that foraging activities of
butterflyfishes result in transmission of symbiotic
algae and parasites. When butterflyfishes feed on
corals and other cnidarians, they ingest not only the
animal but also the symbiotic zooxanthellae found
within cnidarians. Zooxanthellae remain intact and
photosynthetically active after passing through the
guts of butterflyfishes and are capable of re-infecting
host cnidarians (Parker 1984). It was suggested that
mobile reef fishes that release viable zooxanthellae
in their feces might contribute to the dispersal of zoo-
xanthellae over long distances.

In Hawaii, the coral-feeding butterflyfish Chaeto-
daon multicinctus is the primary vector for the disease
‘Porites trematodiasis’ (Aeby 1998a,b, 2002), which is
caused by the digenetic trematode Podocotyloides
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stenometra. P. stenometra has a complex life cycle,
involving a mollusk as its first intermediate host,
Porites sp. coral as its second intermediate host, and
coral-feeding fishes as its final host. Coral-feeding
fishes become infected with the adult worm when they
feed on infected coral. Adult worms live in the guts of
fishes, which pass out the trematode‘s eggs with their
feces. C. multicinctus serves as a final host for Podo-
cotyloides stenometra, and since it is the only host
capable of large-scale movement, is primarily respon-
sible for spreading this infection across the reef.

In the field, coral-feeding butterflyfishes swim in
close proximity to their coral food source, looking for
expanded polyps upon which to feed (Tricas 1989b).
Hence, anything passed in the fish’s feces would have
a high probability of landing on the reef before being
dispersed by water motion. In addition, butterflyfishes
are long-lived, remaining within their territories or
home ranges for many years (Reese 1975, 1991, Tricas
1985, 1989a). This long residence time would allow a
constant supply of fecal output to the corals in their
areas through time. These behaviors (long residence
time and proximity to corals) make butterflyfishes
effective vectors for transmission of organisms whether
these are pathogens, parasites or symbionts. 

Water motion has been suggested as one mechanism
of dispersal of black-band disease in the field (Bruck-
ner et al. 1997). However, in our experiments no trans-
mission of the disease occurred in aquaria without fish,
even though bubblers placed in the aquaria created
strong water motion. It could be that either the
strength or type of water motion within the aquaria
was not appropriate for transmission. However, corals
in an enclosed environment a few centimeters (∼10 cm)
from a black-band-infected coral never became
infected even in the experiment with the longest dura-
tion (35 d). This suggests that water motion may not be
the only agent required for transmitting black-band
disease. In our experimental tanks where disease
transmission did occur, it is possible that the fish loos-
ened pieces of the black-band mat when they fed upon
the diseased coral fragment, which could have faci-
litated waterborne transmission. In the field, we ob-
served several species of fishes (juvenile Thalassoma
bifaciatum, Chaetodon capistratus, Stegastes fuscus)
feeding on the black-band mat of diseased corals. In
addition to direct transmission, fishes could also aid
disease transmission by loosening the black-band mat,
enabling waterborne transmission. 

Since our prior experiment had shown that injury
increased the susceptibility of Montastraea faveolata
to black-band infection, we expected the uncaged
corals, exposed to fish predation, to become infected
at a faster rate than the caged corals. However, we
found no significant difference in the number of

infected corals in caged vs. uncaged treatments. The
amount of damage that fish inflict when feeding on a
coral depends on the fish species. For example, parrot-
fishes can create large wounds on coral colonies by
removing both tissue and skeletal material (Bruckner
& Bruckner 1998), whereas some butterflyfish species
have small mouths and pluck out individual polyps
with no skeletal damage (Motta 1985). Chaetodon
capistratus have small mouths and were observed to
feed in a manner consistent with plucking out indi-
vidual polyps or parts of polyps from the colony. This
type of feeding behavior would create minimal injury
compared to other feeding habits. Microscopic exami-
nation of the corals that had been fed upon by C. capi-
stratus revealed no obvious areas of tissue damage.
The minor feeding injury created by this species did
not appear to increase the coral’s susceptibility to
black-band infection. 

Alternatively, any increases in disease-susceptibility
potentially caused by butterflyfish predation could
have been offset by the fish actively feeding on and
removing Phormidium corallyticum filaments attempt-
ing to invade the coral fragments. Fish feeding on
P. corallyticum could not only serve to potentially
transmit the disease between corals, but could also
result in removal of the black-band mat from the
infected colony. Opportunistic feeding by fishes on the
black-band consortium could benefit infected individ-
ual corals, but at the expense of other corals on the
reef. Similarly, Aeby (1992) found that butterflyfish
offered colonies infected with Porites trematodiasis
preferentially fed upon infected polyps. This selective
fish predation resulted in the removal of the infection
from the infected colony but also resulted in the com-
pletion of the parasite’s life cycle and thus the ultimate
spread of the disease across the reef by infected fish. 

The rate at which black-band disease was trans-
mitted between corals in the butterflyfish experiment
varied widely from 5 to 28 d. This could be due to a
number of factors, such as differences in infectivity
between batches of black-band culture, the amount of
feeding by individual fish on the black-band consor-
tium, or genotypic differences in disease-susceptibility
among corals. When trying to artificially infect corals
prior to the experiment, we found that some corals
were easily infected whereas other required several
attempts before infection was achieved.

In the Florida Keys, Chaetodon capistratus is
common on the reefs (see www.reef.org/sanctuaries/
FKNMS) and, in both the laboratory and in the field,
was observed feeding on the black-band mat on dis-
eased corals. In the laboratory, the presence of C. capi-
stratus resulted in an increased rate of transfer of
black-band disease between corals. We suggest that
the butterflyfishes, whether as a vector and/or through
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mechanisms such as displacement of the microbial
mat, contribute to the transmission of black-band dis-
ease among corals on reefs. Dispersal by butterfly-
fishes would also offer an alternative explanation for
the clumped distribution of black-band-diseased
corals reported from some field studies. 

The distribution of diseased corals on reefs can pro-
vide clues to potential disease processes. However, un-
derstanding the patterns of disease prevalence in the
field requires knowledge of the proximate mechanisms
that affect both disease-susceptibility and transmission.
Future disease studies considering factors such as in-
jury or activities by reef fishes would provide a clearer
understanding of the dynamics of coral diseases.
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