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Abstract: In 1995, a survey of sea fan corals was conducted in Curaçao during a Caribbean-wide outbreak of the
sea fan disease aspergillosis. The survey was repeated in 2005 using the same methodology and identical sites to
examine changes in sea fan populations 10 years after the initial epizootic. Necrotic lesions typical of aspergillosis were present on as many sea fans in 2005 as in 1995 (mean ± SE: 52 ± 6 vs 43 ± 10%). The disease also
showed no significant variation in virulence (9.6 ± 1.2 vs 8.8 ± 1.0% tissue loss per diseased colony). However,
the average number of sea fan colonies per 10 m2 decreased from 2.7 ± 1.1 to 0.7 ± 0.2 over the 10-year period,
a decline of almost 75%. This decrease occurred for all colony sizes, but was more pronounced among small
colonies, resulting in an overall trend of domination by large colonies. These results support that aspergillosis
can have a significant, long-term impact on sea fan population size and structure. The continued presence of
the disease in 2005 could be contributing to reduced recruitment and/or selective mortality among the smallest
colonies. This study provides no indication that host resistance against aspergillosis could reverse the decline of
Caribbean sea fan corals. Rev. Biol. Trop. 54 (Suppl. 3): 153-160. Epub 2007 Jan. 15.
Key words: Aspergillosis, Caribbean, coral disease, coral reefs, gorgonians, sea fan, population structure.

Coral reefs worldwide have experienced
unprecedented losses in coral cover in the past
30 years (Wilkinson 2002, Gardner et al. 2003,
Hughes et al. 2003). There is widespread concern that coral diseases might be a major cause
of this decline (Richardson 1998, Harvell et
al. 1999, Dustan 1999, Porter et al. 2001).
Over the past three decades, there has been
an increase in the number of reports documenting disease outbreaks affecting scleractinian corals (Richardson et al. 1998, Nugues
2002, Patterson et al. 2002, Weil et al. 2002,
Borger 2003, Cróquer et al. 2003, Miller et al.
2003, Borger and Steiner 2005) and octocorals
(Guzmán and Cortés 1984, Garzón-Ferreira

and Zea 1992, Nagelkerken et al. 1997a,b, Weil
et al. 2002, Kim and Harvell 2002, 2004), each
generally associated with significant mortality.
Perhaps the most significant effect of coral
disease to date is the virtual elimination of
major reef-building acroporids throughout the
Caribbean by white band disease (Gladfelter
1982, Aronson and Pretch 1997, 2001). This
disease is believed to have initiated shifts in
coral dominance towards small, non-framework agaricids in at least several Caribbean
locations (Aronson and Pretch 1997, 2001).
Despite the potential importance of coral
diseases in coral reef degradation, there are few
studies quantifying their long-term effects on
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coral community and population structure. Most
studies document the initial impact of epizootics at the most affected locations (Richardson
1998, Harvell et al. 1999, Bruckner 2002).
However, it is likely that diseases undergo
periodic increases in abundance and virulence
at different locations depending on the properties of pathogens, host resistance and environmental conditions (Bruckner 2002, Harvell et
al. 2002, Kim and Harvell 2004). Furthermore,
any effect of disease can be confounded by a
number of other disturbances such as sedimentation, hurricanes or coral bleaching events. To
help unravel the role of coral diseases in coral
reef decline, it is necessary to quantify spatial
and temporal changes in disease characteristics
and populations of affected species over several years and a large geographic area.
Aspergillosis is a fungal disease affecting
sea fan corals. It was first reported in 1995 in
Saba, Netherlands Antilles, and subsequently
documented throughout the Caribbean basin
during the same year (Nagelkerken et al.
1997a, b). The epizootic was attributed to a
fungal soil saprobe belonging to the genus
Aspergillus (Smith et al. 1996) and subsequently as A. sydowii (Geiser et al. 1998).
During the Caribbean-wide 1995 outbreak,
aspergillosis affected between 10 and 90% of
sea fan colonies (Nagelkerken et al. 1997b),
which is among the highest prevalence recorded for any coral disease. Furthermore, virulence (defined as the percentage of tissue loss
per diseased colony) varied between 3 and 45%
(Nagelkerken et al. 1997b), indicating that the
disease can cause widespread tissue mortality
in affected colonies.
At present, little is known about the spatial and temporal variability of aspergillosis
and its long-term effects on octocoral populations. During the 1995 epizootic, Nagelkerken
et al. (1997b) surveyed aspergillosis and sea fan
populations at six sites along the southern coast
of Curaçao, Netherlands Antilles. In 2005, we
repeated the survey using the same methodology
and identical sites. This paper examines changes
in the prevalence and virulence of the disease, as
well as in sea fan abundance and population size
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structure, between 1995 and 2005.
MATERIALS AND METHODS
Survey sites and methods: Between
October and November 1995, Nagelkerken
et al. (1997b) surveyed the prevalence and
virulence of aspergillosis in sea fans at six sites
on the leeward coast of Curaçao, Netherlands
Antilles (Fig. 1, for detailed descriptions of all
sites see Van Duyl 1985). In March 2005, the
disease was resurveyed at the same sites using
the same methodology and disease identification signs (Nagelkerken et al. 1997a, b). At
each site, sea fans were surveyed at 3 to 10 m
depth using 4 m wide belt transects varying
in length from 10 to 125 m, depending on the
density of colonies (i.e. longer transects were
used in areas with low sea fan abundance and
vice versa). Sea fans occur primarily in patches
on the shallow reef terrace (100 – 200 m wide,
and running from 0 to approx. 8 m deep) and on
upper fore reef slopes in Curaçao. Therefore,
to position each transect, the diver swam until
being able to spot several colonies (ca. 3-4).
At this point, a small lead weight attached
to the start of the transect line was haphazardly dropped and the transect was laid out in
a straight line parallel to the shore. Sufficient
(2-8) transects were deployed to obtain a minimum sample of 50 colonies per site, excluding
one site where sea fan densities were very low
(exact sample sizes shown in Fig. 2A). In total,
5300 and 7376 m2 of reef area was surveyed in
1995 and 2005, respectively.
No distinction was made between Gorgonia
flabellum (Linnaeus 1758) and G. ventalina
(Linnaeus 1758), and both species were combined as Gorgonia spp. Diseased sea fans were
identified as those with one or more necrotic
patches (i.e. lesions) surrounded by yellow or
dark purple coenenchyme (Nagelkerken et al.
1997a, b, Kim and Harvell 2002, 2004). For
each diseased colony, we measured the surface
area of healthy and diseased tissue using a 50
x 50 cm quadrat divided with strings to create
100 cm2 squares. Maximum colony height was
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recorded to the nearest cm. Disease prevalence
was calculated as the percent of diseased sea
fans in the entire population at a site. Virulence
was quantified as the percentage of tissue loss
(i.e. lesion area) per affected colony. Finally,
sea fan density was assessed at each site by
dividing the total number of individuals by the
total area surveyed.
Statistical analysis: Differences between
years in the prevalence and virulence of aspergillosis and density of sea fans were tested
with paired t-tests with sites as replicates.
Differences among sites in the prevalence of
aspergillosis were analysed using a heterogeneity G-test for each year, followed by a
simultaneous test procedure (STP) to determine
homogeneous groups (Sokal and Rohlf 1995).
Site differences in the virulence of aspergillosis
were analysed with the Kruskal-Wallis test, followed by post-hoc comparisons using GamesHowell tests when appropriate. No statistical
test could be conducted on differences between
sites in the density of sea fans because there
was no replication within each site (data were
not recorded per transect, but pooled within
each site). Differences between years in the
size (height) frequency distributions were tested, for each site, with Kolmogorov-Smirnov
two-sample tests (Sokal and Rohlf 1995).

site groups in 1995 (b, d and a, c, e, f) and three
groups in 2005 (a, b, d, e and a, b, d, f and c,
f). Virulence varied significantly among sites in
2005 (Kruskal-Wallis test: χ2 = 33.07, df = 5, p
< 0.001, range: 3.5 - 16.8%), but not in 1995 (χ2
= 5.44, df = 5, p = 0.365, range: 3.8 – 13.3%).
Post-hoc multiple comparisons in 2005 showed
that site c had higher virulence than sites b and
d (Games-Howell test, p < 0.05). There was
no consistent variation in disease prevalence
or virulence from East to West along the coast.
However, site c, which is the closest site downcurrent of the main town of Willemstad (Fig.
1), showed the highest virulence in 2005. Sites
a and e, which exhibited the highest prevalence
in 1995, did not show the highest values in
2005, highlighting the spatial and temporal
dynamics of the disease.
Sea fan population size and structure:
The average number of sea fan colonies per

RESULTS
Aspergillosis prevalence and virulence:
Comparison between the 1995 and 2005 surveys showed no significant variation in prevalence (mean ± SE: 43.1 ± 10.1 vs 52.2 ±
6.0%) or virulence (8.8 ± 1.0 vs 9.6 ± 1.2%)
of aspergillosis between years (paired t-tests:
prevalence: t = -0.843, df = 5, p = 0.438, virulence: t = -0.632, df = 5, p = 0.555, Fig. 2A
& B). Disease prevalence varied significantly
among sites in both years (heterogeneity Gtest: 1995: GH = 57.26, df = 5, p < 0.001, 2005:
GH = 30.60, df = 5, p < 0.001), with values
ranging from 10 to 71% in 1995 and 37 to 77%
in 2005. STP tests indicated two homogeneous

Fig. 1. Geographical location of Curaçao (inset) and the
study sites. Letters (a-f) show the location of the six sites
where sea fan populations were surveyed in October/
November 1995 and March 2005. Site abbreviations from
left to right: a = Rif Sint Marie, b = Kaap Malmeeuw, c =
Buoy Two, d = Boca di Sorsaka, e = Punt’i Pikú, and f =
Barank’i Karañito.
Fig. 1. Ubicación geográfica de Curaçao y los sitios de
estudio. Las letras (a-f) muestran la ubicación de los seis
sitios donde fueron estudiadas las poblaciones de abanicos
de mar en octubre/noviembre 2005. Abreviaciones de los
sitios de izquierda a derecha: a = Rif Sint Marie, b = Kaap
Malmeeuw, c = Buoy Two, d = Boca di Sorsaka, e = Punt’i
Pikú, and f = Barank’i Karañito.
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DISCUSSION
The prevalence and virulence of aspergillosis remained unchanged in Curaçao between
1995 and 2005. Since no data were collected
in the period between 1995 and 2005, it is
unknown whether the disease has been continuously present and exhibited fluctuations in
prevalence and virulence. However, the duration of aspergillosis may be similar to white
band disease (Kim and Harvell 2004). In the
Florida Keys, aspergillosis was present every
year between 1997 and 2003, and, although
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Deseased sea fans (%)
Tissue loss/affected colony (%)
Sea fan density (#/10 m2)

10 m2 decreased from 2.74 ± 1.10 in 1995 to
0.72 ± 0.25 in 2005 (Fig. 2C). Although marginally non-significant (paired t-test: t = 2.212,
df = 5, p = 0.087), this decrease represents a
decline of 74% in sea fan population size over
the past decade. When pooling all sites, this
decline affected all height classes of sea fans,
but there was a more pronounced decline in the
number of small-sized colonies, especially those
between 11 and 30 cm in height (Fig. 3). When
summing the two smallest size classes (sea fans
≤ 30 cm in height), the percentage of colonies in
these classes decreased from 29 to 11% of the
population between 1995 and 2005. This selective decline resulted in a greater domination by
larger size classes in 2005 compared to 1995 at
two sites, b and d (Kolmogorov-Smirnov twosample tests: site b: D = 0.376, n1995 = 50, n2005
= 67, p < 0.001, site d: D = 0.253, n1995 = 50,
n2005 = 113, p < 0.05). Only one site (c) exhibited
a decrease in the proportion of large size classes
from 1995 to 2005 (D = 0.281, n1995 = 50, n2005
= 64, p < 0.05).
The prevalence of disease increased with
sea fan size in both years (Fig. 4A), whereas
virulence showed a slight decline with size
(Fig. 4B). Interestingly, the prevalence of disease in smaller sized sea fans was significantly
higher in 2005 than in 1995 (Chi-square test
using years and the three smallest size classes
as variables, χ2 = 10.21, p < 0.01).

Fig. 2. Changes in (A) prevalence, (B) virulence and (C)
sea fan density at the six study sites between 1995 and
2005. Sites are ordered from West to East (Fig. 1). Means
(± S.E.M.) of all six sites are shown in the last column.
Virulence data are means (% tissue loss ± S.E.M.) per
affected colony for each site. In (A), (n) represents the total
number of colonies surveyed. In (B), (n) is the total number
of affected colonies.
Fig. 2. Cambios en (A) prevalencia, (B) virulencia y (C)
densidad de abanicos de mar en los seis sitios de estudio
entre 1995 y 2005. Los sitios están ordenados de oeste a
este (Fig. 1). Promedios (± S.E.M.) de los seis sitios se
muestran en la última columna. Los datos de virulencia son
promedios (% de tejido perdido ± S.E.M.) para cada colonia afectada en cada sitio. En (A), (n) representa el número
total de colonias estudiadas. En (B), (n) es el número total
de colonias afectadas.
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Fig. 3. Changes in sea fan density for each height class at the six study sites between 1995 and 2005. Means (± S.E.M.) of
all six sites are shown in the last graph. Site abbreviations as in Fig. 1.
Fig. 3. Cambios en la densidad de abanicos de mar para cada clase de altura, en los seis sitios de estudio, entre 1995 y 2005.
En el último gráfico se muestran los promedios (± S.E.M.) de los seis sitios. Abreviaciones de los sitios como en la Fig. 1.

showing an overall decline in prevalence, it
exhibited temporary periods of reemergence
at several sites (Kim and Harvell 2004). Our
study provides further support for the long
duration of this disease.
Curaçao’s sea fan population experienced an
almost 75% decline in abundance between 1995
and 2005. This decrease, together with the con-

tinued presence of the disease in 2005, suggests
that aspergillosis could have a significant regulatory impact on sea fan populations. Aspergillosis
is characterized by the presence of large lesions
on affected sea fan colonies (Nagelkerken et
al. 1997a, b, Kim and Harvell 2002, 2004).
Such lesions can lead to a reduction in colony
size and/or complete colony mortality, thereby
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Diseaded sea fans (%)
Tissue loss per affected colony (%)
Fig. 4. (A) Prelavence and (B) virulence of aspergillosis as
a function of colony height in the 1995 and 2005 surveys.
Data are pooled across sites. Virulence data are means (%
tissue loss) ± S.E.M.
Fig. 4. (A) Prevalencia y (B) virulencia de aspergillosis en
función de la altura de las colonias en los estudios de 1995
y 2005. La información está agrupada entre sitios. Los
datos de virulencia son promedios (% de tejido perdido)
± S.E.M.

affecting sea fan abundance and size-frequency
distribution. In this study, while the decline in
sea fan abundance affected all colony sizes, it
was more pronounced in small colonies. Such
demographic shift suggests either a decrease in
recruitment, or disproportionably high mortality
of the smallest colonies.
Many factors could contribute to such
demographic shift. Sea fans are affected by
multiple stressors, including breakage from
hurricanes (Yoshioka and Yoshioka 1987),
overgrowth by fouling organisms (Yoshioka
and Yoshioka 1991), grazing by snails or fishes
(Lasker 1985, Harvell and Suchanek 1987,
Nagelkerken et al. 1997b), and predation by
Hermodice carunculata (Pallas, 1766) (Wahle
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1985, Vreeland and Lasker 1989). However,
there is little indication that any of these factors has increased over the past decade and
could selectively affect sea fan reproduction or
survivorship of small colonies.
In contrast, aspergillosis has recently
been shown to affect reproduction in infected
sea fans (Petes et al. 2003). As larger sea
fans produce far more gametes than smaller
colonies (Beiring and Lasker 2000), the particularly high prevalence of the disease in
larger sea fans (this study, Nagelkerken et al.
1997b, Kim and Harvell 2002, 2004), coupled
with their decline in abundance, could lead to
a rapid decrease in larval supply and subsequent recruitment. Alternatively, recruitment
may occur, but consist of colonies susceptible to the disease leading to high mortality
among the smallest sea fans. This scenario is
supported by the higher disease prevalence
among small colonies in 2005 compared to
1995, and a higher proportion of live tissue
loss in small compared to large colonies, but
is inconsistent with the episodic recruitment
events of sea fans with low disease prevalence reported in the Florida Keys (Kim and
Harvell 2004). These events offset the loss of
large colonies caused by the disease and led to
relatively unchanged sea fan densities, as well
as reduced disease prevalence, in the Florida
Keys between 1997 and 2003.
The reason why successful recruitment
occurred in the Florida Keys, and not in
Curaçao, is unclear, but could include differences in the environment, pathogen input and/
or virulence, and/or host resistance. At present, there is no indication that environmental
conditions, such as pathogen input or temperature, may differ between these two locations.
Dube et al. (2002) reported a lower variance
in anti-fungal activity at reefs with greater
disease intensity, suggesting that selection for
aspergillosis resistance could occur over time.
Unlike the Florida Keys, the decline in sea fan
abundance in Curaçao provides no evidence
for such selection, and is a cause for concern
regarding the fate and recovery of Caribbean
sea fan corals.
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Resumen
En 1995, se realizó un sondeo de los abanicos de
mar durante un brote de aspergilosis, una enfermedad de
abanicos de mar extendida en todo el Caribe. En el año
2005 se repitió el sondeo utilizando exactamente la misma
metodología y los mismos sitios para examinar cambios
en las poblaciones tras 10 años del inicio del brote. Se
presentaron lesiones necróticas típicas de la aspergilosis
en tantos abanicos en el 2005, como en 1995 (promedio ±
ES: 52 ± 6 vs 43 ± 10%). La enfermedad tampoco mostró
variaciones significativas en la virulencia (9.6 ± 1.2 vs
8.8 ± 1.0%, pérdida de tejido por colonia enferma). Sin
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poblacional.
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