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INTRODUCTION

Acropora palmata (Lamarck, 1816) is the dominant
reef-building coral in many Caribbean reefs at depths
of 1 to 5 m (Gladfelter 1982), whose numbers have
been drastically reduced in recent decades due to hur-
ricanes, diseases and unknown agents (Harvell et al.
1999).

An outbreak of an undiagnosed coral disease was
observed affecting Acropora palmata in Puerto More-
los reef, Quintana Roo, Mexico, in the summer of 1999.
It was characterized by irregularly shaped necrotic
patches distributed predominantly on the upper sur-
face of colonies (Fig. 1), surrounded by living tissue
with a normal appearance. It is difficult to determine
whether this patchy necrosis has been described previ-
ously because of the informal classification of coral dis-
eases. Although a number of hard-coral diseases have
been named, particularly in the popular literature, only
two of these diseases (black band disease and plague
type II) have causative agents identified formally, after

satisfying Koch’s postulates (Richardson 1998). Richard-
son (1998) has suggested that in the absence of formal
identification of a causative agent a ‘disease’ should be
called a syndrome or potential disease state. The visi-
ble symptoms of the necrotic patches we observed are
similar to the ‘patchy necrosis’ observed by Bruckner &
Bruckner (1997) in Puerto Rico and to the so-called
‘white pox disease’, first observed affecting A. palmata
colonies in the Florida Keys around 1995 (Goreau et
al. 1998, see also McCarty & Peters1). A. palmata
colonies with similar symptoms have also been
observed in the Bahamas (E. Peters pers. comm.), the
Virgin Islands and San Salvador (G. Smith pers.
comm.2).

Our observations show that the patches enlarge
radially by necrosis at the boundary of the living coral
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1The coral disease page. http://ourworld.compuserve.com/
homepages/mccarty_and_peters/coraldis.htm

2In his plenary address at the 30th meeting of the Association
of Marine Laboratories of the Caribbean (held June 24–29,
2001, in La Parguera, Puerto Rico), Dr Garriet Smith identi-
fied the causative agent of white pox in Acropora palmata as
the Eubacterium Serratia sp.
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tissue leaving behind a bare but otherwise undamaged
skeleton. These necrotic patches usually become colo-
nized by thin turfs of filamentous algae or a thin layer
of sediment after a few days and eventually the skele-
ton shows signs of degradation. The outbreak was first
observed on September 2, 1999, and many of the ne-
crotic patches seemed to have formed recently because
the exposed skeleton was not covered by sediment, fil-
amentous algae or other fouling organisms. Only Acro-
pora palmata was affected by the patchy necrosis;
other coral species on the reef were not injured, al-
though 2 colonies of A. prolifera, which is very scarce
in the area, were observed with similar symptoms.

During the period of our study, some Acropora pal-
mata colonies with patchy necrosis were also affected
by white-band disease. The lesions produced by patchy
necrosis start on the upper surface and edges of
branches, thus differing from those caused by white-
band disease, which usually starts at the base of the
colony and works its way upward (Gladfelter 1982) on
both the upper and lower surfaces of the colony.

The purpose of this study was to document the tissue
loss produced by necrotic patches on Acropora pal-
mata colonies over time and to obtain information
about the progression of this syndrome.

METHODS

A semi-quantitative sampling design was used dur-
ing the first observations of the necrotic patch syn-
drome. Because many colonies exhibited necrotic
patches at the time of our first observations, we
wanted to determine the general characteristics of this
syndrome and needed to design a quantitative proto-
col with which we could follow the progression of the
syndrome. On September 9, 10 colonies of Acropora
palmata displaying symptoms of patchy necrosis were

tagged in one of the most affected stands on the rear
zone of Puerto Morelos reef, Mexico (3 to 4.5 m
depth). Colonies were not randomly chosen but se-
lected by position (i.e., horizontally oriented branches)
and ease of photography, and were selected across a
depth gradient at the study site. In situ color photo-
graphs of the extended upper branches of whole
colonies, with a scale and identification tag, were
taken in September and October 1999, January, May
and August 2000, and March 2001. The camera was
held at roughly the same position and orientation at
consecutive shooting sessions. The photographs were
scanned and the areas of all of the necrotic patches on
each colony and total colony areas were calculated,
using the software program SigmaScan Pro Version
4.0 (SPSS, Chicago, IL). The areas and progression of
360 necrotic patches were measured during the study
period. Each necrotic patch was given an identifica-
tion number to determine, in successive samplings,
whether it recovered, grew, fused or underwent fis-
sion. We estimate the precision of the calculations of
patch size to be roughly on the order of ±10%, which
is enough to follow the progression of the patches
semi-quantitatively.

RESULTS

The percentage colony surface area affected by
necrotic patches increased from September 1999 to
March 2001 in 9 out of 10 colonies. The patchy necro-
sis progressed to total live tissue loss in the 2 smallest
colonies (Fig. 2). On September 9, 162 necrotic patches
were registered in the 10 tagged colonies with the
number of necrotic patches per colony varying from 2
to 39 (Table 1) and ranging in area from 0.1 to
623.5 cm2 (mean ± SD: 15.4 ± 52.9 cm2). An estimate of
the percentage area of the colonies affected by ne-
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Fig. 1. Acropora palmata colony (#6) showing progression of necrotic patches, Puerto Morelos reef, Mexico. (A) October 1, 1999;
(B) January 26, 2000; and (C) March 8, 2001. White dashed oval is located on a branch that contains 2 necrotic patches (A), 
which fused (B) and were colonized by algae (C). Black arrows point to tissue that survived throughout the study period
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crotic patches varied from 0.7 to 45% (Table 1; Fig. 2).
By October 1, 77 new necrotic patches had appeared in
the 10 tagged colonies (0.4 ± 0.2 new patches colony–1

d–1) and the average percentage area of the colonies
affected by necrotic patches had increased to almost
26% (Table 1). The oldest necrotic patches on the mon-
itored colonies were covered by a thin layer of fila-
mentous algae or sediment by October 1 and there was
evidence of erosion of the corallites.

Following a marked initial increase in the number of
necrotic patches (September to October 1999), there
was a decrease in the appearance of new patches
(Table 1); however, the size of many lesions continued
to increase throughout the observation period (Fig. 3),

in some cases due to enlargement of
patches but mostly due to the fusion of
2 or more patches. The average per-
centage area of the colonies affected
by necrotic patches increased to
almost 38% by January 26, 2000
(Table 1). The greatest recovery of
lesions occurred in May 2000 when the
average dead area decreased to 30%,
but by August 15, 2000 the average
dead area increased again to nearly
40% even though there was not a pro-
portional increase in the number of
new patches (Table 1). By March 2001,
the average dead area increased to
approximately 50% (Table 1) averag-
ing over a 3-fold increase from the
start of the survey.

The rate of tissue loss due to necrotic
patches was estimated using the first
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Table 1. Acropora palmata sample size, number of necrotic patches, percentage of dead area, number of new necrotic patches, 
number of patches that recovered and number of patches that fused at each sampling period

Sep 9, 1999 Oct 1, 1999 Jan 26, 2000 May 3, 2000 Aug 15, 2000 Mar 8, 2001

No. of colonies 10 10 10 9 8 8

No. of necrotic patches Total 1620 1970 1460 93 86 73
Mean ± SD 16.2 ± 13.5 19.7 ±14.6 14.6 ± 12.5 10.3 ± 8.40 10.8 ± 9.20 8.1 ± 9.5
Range 2–39 2–46 1–41 1–26 1–30 1–31

Dead area (%) Mean ± SD 15.3 ± 14.6 25.8 ± 20.4 37.7 ± 30.5 30.0 ± 24.5 39.1 ± 29.9 50.4 ± 31.7
Range 0.7–45. 3.9–70.8 1.5–100 0.4–100 0.4–100 0.4–100

No. of new patches Total 1620 77 52 21 28 20
Mean ± SD 16.2 ± 13.5 7.7 ± 5.2 5.2 ± 7.8 2.3 ± 2.1 3.5 ± 2.8 2.2 ± 2.9
Range 2–39 0–15 0–26 0–6 0–8 0–8

No. of recovered patches Total 28 57 63 14 18
Mean ± SD 2.8 ± 4.0 5.7 ± 5.3 6.3 ± 6.3 1.6 ± 2.4 1.8 ± 2.4
Range 0–12 0–16 0–21 0–7 0–5

No. of patches that fused Total 20 60 17 21 29
Mean ± SD 2.0 ± 2.3 6.0 ± 8.4 1.7 ± 3.4 2.3 ± 5.6 3.2 ± 2.9
Range 0–6 0–27 0–11 0–17 0–8

Fig. 2. Tissue loss in Acropora palmata as a percentage of total colony area of the
10 A. palmata colonies surveyed repeatedly in Puerto Morelos reef. The series of
bars for each colony corresponds to consecutive dates of surveys, whose order is
indicated on the right-hand side of the figure. Colony size (cm2) is given for each 

colony at the top of the figure. n.d.: no data

Fig. 3. Acropora palmata mean patch size of necrotic patches
(area in cm2 ± SD) and number of necrotic patches in colonies 

at each sampling period
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and last photographs (547 d duration) obtained for
each colony. The average rate of tissue loss was esti-
mated to be 1.1 ± 1.1 cm2 d–1 (n = 10, range 0 to 3.4 cm2

d–1). This estimation is a very gross approximation
because the time elapsed between sampling periods is
relatively long and the dynamics of progression are
unknown. In 2 cases (Colonies # 5 and # 7) earlier pho-
tographs were used (140 and 342 d duration, respec-
tively) because the colonies died within the sampling
period.

Between September 1999 and March 2001 180
patches (50% of the 360 monitored during the study
period) recovered. Most patches (66.7%) recovered
between January and May 2000 (Table 1). The number
of lesions that regenerated between August 2000 and
March 2001 was very low compared with those of prior
samplings and suggests that the rate of regeneration
decreases with time as the size of the lesions increases.
Patches that recovered had areas of less than 49.2 cm2

(4.7 ± 7.0 cm2). Only in 1 colony (#3) did net recovery
exceed net necrosis by the end of the sampling period
(Fig. 2). Lesion tissue regenerated when the neigh-
boring living coral tissue grew inwardly, depositing
skeletal material. This resulted in a calcified white
border tissue where the corallites did not emerge above
the coenosteum, and lacked zooxanthellae (endosym-
biotic dinoflagellates). The regenerated portions of the
colonies remained paler than the neighboring tissue
for several weeks and, depending on the size of the
lesion, it took from a few weeks to a couple of months
for complete recovery of the patch. New lesions some-
times appeared in the same places that had previously
been affected and had regenerated. It is possible that
some of the smallest lesions were traces of predation
by damselfish, which are abundant in the area and are
known to cause small lesions on Acropora palmata by
biting on the living coral surface (Bak 1983). Because

these lesions were so small (<1 cm), it was not possible
to distinguish them from the necrotic patches in the
photographs.

Fusion of necrotic patches was a very common pro-
cess during the study period and occurred between 2
or several patches. Between September 1999 and
March 2001, 147 of the necrotic patches fused with the
highest number of fusions registered in January 2000
(Table 1).

Even though the 2 smallest colonies died during the
study period (Fig. 2), no definite trends are apparent
between percentage tissue loss and colony size, as the
response of patches over time was very variable both
within and between colonies. Percentage tissue loss
does not seem to be directly related to other physico-
chemical factors, such as temperature (Fig. 4), salinity
or the proximity of the colonies to the sandy bottom
(data not shown).

DISCUSSION

Our results indicate that necrotic patch syndrome
can have a substantial impact in tissue loss on affected
Acropora palmata colonies. Our data, derived from a
survey of infected colonies, show both tissue recovery
and patch expansion. Apparently, in seriously affected
colonies (>30% of live tissue loss) the advance of
necrotic patch syndrome is more rapid than the recov-
ery from the damage incurred. However, the ecologi-
cal impact of this syndrome at the population level still
remains to be evaluated. Although A. palmata colonies
with necrotic patches have been observed on this reef
in the past 20 yr, the density and widespread distribu-
tion observed in 1999 was unprecedented (Jordán-
Dahlgren pers. obs.). The proportion of affected col-
onies seems to vary greatly within a given locality and

time of year. While in September 1999 the propor-
tion of diseased colonies fluctuated widely among
reef sites, by March 2001 some of these same sites
were in better condition.

The causative agent of patchy necrosis has not
been identified but preliminary results suggest
that bacteria are involved (G. Smith pers. comm.).
Bacteria have been isolated from colonies of
infected Acropora palmata from geographically
diverse reefs, including affected colonies surveyed
in this study, and used to successfully re-infect
fragments of A. palmata; however, genetic
sequence analysis of bacterial isolates from all
affected colonies needs to be concluded (G. Smith
pers. comm.). The mechanism of dispersal of this
syndrome is also unknown, and it is common to ob-
serve healthy colonies intermixed with affected
ones.
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Fig. 4. Acropora palmata mean tissue loss as a percentage of total
colony area of A. palmata colonies (±SD) and monthly average sea
surface temperatures sampled daily (approx. 09:00 h) at the
Research Station dock in Puerto Morelos, Mexico. CARICOMP 

(unpubl. data)
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It is possible that in the Acropora palmata system
the incidence of necrotic patches was enhanced by the
prolonged summer doldrum-like conditions of 1999.
The calm seas, clear skies and high water transparency
characteristic of these periods result in, among other
things, limited gas exchange between corals and the
surrounding environment (Jokiel 1978) due to reduced
water flow, increased water temperatures and en-
hanced penetration of UV (280 to 400 nm) radiation
(Gleason & Wellington 1993). All of these factors, par-
ticularly in combination, are likely to result in an
increased stress on coral colonies and can favor the
appearance of coral diseases.

Decreased water movement results in a decreased
flushing rate between the inner reef lagoon with
oceanic water characteristic of the outer reef as well as
reduced water motion around individual coral colonies.
Flushing removes sediments, moderates extremes in
temperature, salinity and dissolved oxygen concentra-
tion, and replenishes nutrients (Jokiel 1978). Reduced
water motion directly around the coral colonies results
in a reduced rate of exchange of gases and substances
between the coral tissue and the surrounding sea
water (Jokiel 1978) as well as reduced metabolic rates
(Patterson et al. 1991, Lesser et al. 1994). Water turbu-
lence has been suggested to limit black band disease
activity on the reef-building corals Montastraea annu-
laris and Diploria strigosa (Rützler et al. 1983).

Increased water temperatures have been hypothe-
sized to generate physiological stress in reef-dwelling
invertebrates, including corals (Glynn 1991). Elevated
temperatures have been shown to impair photosynthe-
sis in the symbiotic alga Symbiodinium microadriati-
cum in culture and may affect the stability of the sym-
biotic relation (Iglesias-Prieto et al. 1992) or render the
symbiosis more susceptible to disease. Physiological
stress may cause symbioses to be less resistant to
invasion by other organisms such as algae, bacteria or
viruses. Elevated temperatures have been implicated
to play an integral role in other scleractinian coral dis-
eases. A significant increase in black band disease was
associated with warm water periods in Montastrea
cavernosa and Diploria spp. (Bruckner et al. 1997),
and Bruckner & Bruckner (1997) observed that white
plague disease on Diploria labyrinthiformis was less
prevalent in the winter months and more in May and
June. Although the outbreak of necrotic patches, ob-
served in Acropora palmata in 1999, occurred after
4 mo of elevated seawater temperatures and the onset
of the summer doldrums, increased seawater tempera-
ture by itself does not seem to account for the outbreak
of these patches nor does it account for further tissue
loss over the rest of the study period (Fig. 4). In October
1998, only 7 out of a total of 81 A. palmata colonies
exhibited necrotic patches in four 100 m2 transects

(CARICOMP unpubl. data) made in Puerto Morelos
rear-reef. This survey was conducted 2 mo after the
maximum recorded sea surface temperature reached
its maximum between 1992 and 2000.

UV radiation may play an important role in the coral
reef environment (Glynn 1991), particularly during
high light and high water transparency periods such as
are characteristic of summer doldrum-like conditions.
While there are no studies published on a relation
between UV radiation and the appearance of coral dis-
eases or syndromes, UV radiation has been shown to
negatively affect survival of coral larvae (Gleason &
Wellington 1995) and photosynthesis, and to impair
skeletal growth (Jokiel & York 1982) and coral reef
community structure (Jokiel 1980).

Other factors that may also play an important role in
the incidence of coral diseases, such as nutrient input,
tourism-related activities and over-fishing, have not
been evaluated for the Puerto Morelos reef. However,
the village of Puerto Morelos is facing rapid change in
land use due to increasing coastal development of the
Mexican Caribbean coast, which might have negative
consequences for the reef.
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