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INTRODUCTION

Reports of infectious diseases of corals have increased
in the last 20 yr (Harvell et al. 1999, Ward & Lafferty
2004). The implicated pathogen has been identified in
only a few cases: white pox of elkhorn coral Acropora
palmata has been linked to the bacterium Serratia
marcescens (Patterson et al. 2002), bleaching in Oculina
patagonica to Vibrio shiloi (Rosenberg & Falkowitz
2004), and aspergillosis in sea fans to Aspergillus sydowii
(Geiser et al. 1998, Kim et al. 2000). However, isolation

and identification of pathogens may not be sufficient
to understand the dynamics of coral diseases. Several of
the microorganisms that have been identified in dis-
eased colonies and implicated in coral diseases have also
been found in healthy colonies, suggesting they are part
of the normal microflora (Le Campion-Alsumard et
al. 1995, Koh et al. 2000, Frias-Lopez et al. 2002, Toledo-
Hernández et al. 2008). Furthermore, some coral dis-
eases are believed to be caused by consortia of microor-
ganisms and not by a single pathogen (e.g. black band
disease; Frias-Lopez et al. 2003, Pantos & Bythell 2006).
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objectives of this study were: (1) to measure spatial variation in the mycoflora associated with dis-
eased and healthy colonies of G. ventalina; and (2) to compare the mycoflora of sea fans with the
mycoflora isolated from surrounding seawater. Samples of diseased and healthy sea fan tissue and
seawater were collected from coral reefs in Puerto Rico. Fungi were isolated and identified by
morphology and sequencing of the nuclear ribosomal internal transcribed spacer region. Twenty-six
species of fungi were identified. A. flavus was the most common species isolated from both seawater
and sea fan tissue. Higher species richness was found in seawater than in sea fans. Mycoflora of
healthy and diseased sea fans differed among sites. Fungal species richness in seawater was higher
nearshore than offshore. However, community composition in seawater did not vary spatially. The
fungal community of sea fans was not different from that of the surrounding seawater, suggesting low
specificity. Our data suggest that the source of offshore mycoflora is the nearshore fungal community,
with richness diluted as a result of ocean circulation. Prevalence of aspergillosis was not correlated
with fungal species richness but was positively correlated with the number of fungal strains isolated.
The fact that diseased fans did not have lower species richness suggests that the disease is not due to
a single pathogen, but rather to a variety of opportunistic pathogens.
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Studies of marine fungi have focused mainly on taxon-
omy; their ecology and distribution are less understood
(Shearer et al. 2007). Most fungal species reported in
marine organisms are considered facultatively marine
and principally terrestrial (Kendrick et al. 1982, Kohl-
meyer & Volkmann-Kohlmeyer 2003, Shearer et al.
2007). These terrestrial fungi can find their way to coral
reefs as a result of runoff or Sahara dust deposition
(Shinn et al. 2000, Weir-Brush et al. 2004); little is known
about their ubiquity and roles in marine ecosystems.
Moreover, spatial variation of these microbial popula-
tions is even less understood. To put diseases of corals in
an etiological context, it is essential to understand the
microflora not only of the hosts, but also of the environ-
ment surrounding the hosts (Frias-Lopez et al. 2002), and
the relationship between disease prevalence and micro-
flora present. This approach may allow the elucidation of
host selectivity and may explain the spatial and tempo-
ral variability of coral diseases (Bruno et al. 2003, Harvell
et al. 2007).

In this study, we measured the spatial variation (i.e.
differences among reefs) of the culturable mycoflora as-
sociated with diseased and healthy sea fans Gorgonia
ventalina in Puerto Rico and compared it to that of the
surrounding seawater. The following questions were ad-
dressed. (1) Does the mycoflora of healthy sea fans vary
among reefs? (2) Is the same level of spatial variation
found in diseased sea fans as in healthy
sea fans? (3) Is the fungal community in
sea fans in nearshore reefs different from
offshore reefs? (4) How similar are the fun-
gal communities in sea fans and the sur-
rounding seawater? (5) Is aspergillosis
prevalence correlated with fungal com-
munity composition?

High spatial variation should be ex-
pected in the mycoflora of healthy sea fans
and seawater, because local events such
as precipitation, runoff, and currents will
cause variations in the arrival of inoculum.
Low spatial variation in mycoflora compo-
sition would be expected in diseased sea
fans due to a dominance of pathogen(s).
We expect the nearshore mycoflora to be
distinct and richer than offshore due to the
influence of terrestrial sources. Assuming
that seawater is the reservoir of the patho-
gen (Geiser et al. 1998) and that there is
low specificity of sea fans for fungi, we ex-
pect high similarity between seawater and
sea fan mycoflora. Even if other pathogens
can cause aspergillosis, we would expect
that these pathogen(s) will be dominant
and that the diversity of other microorgan-
isms will therefore be reduced.

MATERIALS AND METHODS

Sample collection and culturing. We sampled sea-
water from 14 coral reefs around Puerto Rico from July
to mid-September 2006 (Fig. 1). The nearshore sites
were 50 m to 10 km from the coast; sites less than 5 km
from shore were Escambrón on the north coast,
Fajardo, Cayo Largo, Palominito Island, Icacos Island,
and Piñeros Island on the east coast, and Jobos on the
southeast coast; sites 5 to 10 km from the coast were
Cayo Diablo and Cayo Lobo on the east coast and
Humacao on the southeast coast. In addition to these
near-shore sites, we collected at 4 islands off Puerto
Rico: Luis Peña, Culebrita, Vieques, and Mona, at 30,
40, and 35 km off the east coast, and 68 km off the
southwest coast, respectively.

Three samples of water were collected near (<5 m)
the sea fan colonies at each site. Samples were col-
lected in 250 ml sterilized bottles, refrigerated, and
processed within 24 h. In the laboratory, fungi were
concentrated by filtering water with sterile nitrocellu-
lose membranes of 0.45 µm pore size (Fisher Scien-
tific). The filters were cultured in petri plates contain-
ing glucose peptone yeast agar (GPYA) with 3.3 salt, a
standard medium to isolate marine fungi (Kohlmeyer &
Kohlmeyer 1979; see also Holler et al. 2000, Koh et al.
2000, Toledo-Hernández et al. 2007a). Preliminary tri-
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als with other culture media yielded fewer fungi, but
all media favor some organisms over others. The plates
were incubated at 25°C and observed for fungal
growth weekly for 1 mo. All fungi observed were
transferred to new plates of GPYA to obtain pure iso-
lates. These isolates were transferred to liquid medium
(potato-dextrose broth) for DNA extraction. All fungi
isolated grew in both media.

We sampled tissue of Gorgonia ventalina from mid-
August to mid-September 2006. Tissue was collected
from 8 reefs at the same time as water samples were
taken, as described above (Escambrón, Isla Piñeros,
Jobos, Humacao, Icacos, Luis Peña, Culebrita, and Vie-
ques; Fig. 1). Tissue fragments (10 cm2) from 5 healthy
colonies and from 5 diseased colonies were collected at
each site, for a total of 80 tissue samples. Diseased tis-
sues were distinguished as areas of necrosis sur-
rounded by purple halos (Petes et al. 2003). Samples
were collected in 50 ml sterilized tubes, refrigerated,
and processed within 24 h of collection. Fragments
were cut into small pieces (1 to 3 cm2), surface-steril-
ized in ethanol 70 for 30 s, and then washed in distilled
autoclaved water for 30 s. The samples were cultured
(1 fragment per plate), and fungi were isolated as
described above.

DNA extraction, amplification and sequencing.
DNA was extracted using a Plant Mini Extraction Kit
(Qiagen Sciences). The nuclear ribosomal internal
transcribed spacer (ITS) region was amplified using
primers ITS1F and ITS4 (White et al. 1990, Gardes &
Bruns 1993). Samples were run with a PCR amplifica-
tion profile used to amplify Aspergillus from coral tis-
sue (Griffin et al. 2002). DNA sequences were cor-
rected with Sequencher 4.9 (Genes Code) and used for
BLAST searches in GenBank. When the top 3 match-
ing BLAST hits were from the same species, this spe-
cies name was assigned to the culture. In almost all
cases, the top BLAST hit had ≥95 similarity to the
query sequence, and most had ≥98.

Prevalence of aspergillosis. Health status of sea fans
was monitored at the same time seawater and sea fan
tissues were sampled. Six reefs were chosen: Icacos,
Culebrita, Humacao, Jobos, Piñeros, and Vieques. At
these reefs, 3 transects (5 × 2 m) were marked, and
every colony of Gorgonia ventalina was photographed
and its health status recorded. In total, 448 colonies
were tagged. Diseased colonies were defined as hav-
ing areas of necrosis surrounded by a purple halo
(Petes et al. 2003). Lesions of unknown origin were
counted separately (type 2 lesions, Toledo-Hernández
et al. 2007b).

Data analysis. Species accumulation curves were
used to determine if sampling was sufficient to charac-
terize the culturable fungal community in seawater and
sea fan tissue. Multivariate statistical analyses were

conducted using Primer 6 software (Plymouth Marine
Lab; Clarke & Gorley 2006) to test for differences in the
fungal communities among reefs and between tissue
and seawater. The similarity of each of these fungal
communities was analyzed using Bray-Curtis similarity
coefficients with presence-absence data. One-way
analysis of similarity (ANOSIM) was done to test for dif-
ferences in dissimilarities of the fungal communities of
healthy and diseased sea fans among reefs (Clarke &
Warwick 2001). Post-hoc analyses of similarity percent-
age (SIMPER) were used to determine the contribution
of each fungal species for those communities that were
significantly different. The fungal communities in sea
fan tissues were compared with a 1-way ANOSIM with
a combination of factors to test for differences between
healthy and diseased tissue and among reefs (Clarke &
Warwick 2001). The fungal community in seawater was
analyzed with 1-way ANOSIM grouping reefs within
the nearshore and offshore criteria. The distance from
the mainland (nearshore versus offshore) was used as
the categorical factor for comparison.

A Bray-Curtis analysis was also performed to com-
pare the fungal communities between seawater and
sea fan tissue (healthy and diseased). Eight reef sites
were included as replicates using presence-absence
data. One-way ANOSIM was used to determine the
significance of similarities among sources (seawater
versus tissue). The SIMPER analysis was used to iden-
tify the species contributing most to the dissimilarity.

Chi-square analyses were used to test differences in
prevalence of aspergillosis among sites. Correlation
analyses were done to determine associations between
disease prevalence and fungal composition, and be-
tween prevalence and total number of fungal colonies
isolated in diseased sea fans.

RESULTS

Fungal diversity and sampling. In total, 26 taxa of
culturable fungi were identified: 23 from seawater and
15 from sea fan colonies, with 12 taxa shared (Gen-
Bank accession numbers EU645653–EU645743). The
species accumulation curves for healthy and diseased
tissue approached an asymptote (Fig. 2a,b), and the
jackknife index indicated that sampling effort was suf-
ficient to characterize the culturable fungal commu-
nity. However, for seawater, the curve did not saturate,
indicating that the fungal community in seawater is
richer and more sampling effort is needed to fully char-
acterize it (Fig. 2c).

Fungal community in healthy sea fans. Of the 15
species of fungi isolated from sea fan tissue, 13 were
found in healthy tissue. The genus Aspergillus was the
most diverse, with 6 species. A. flavus and A. sydowii
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were present at 5 and 4 of the sampled sites, respec-
tively (Table 1). The presence of most other fungi was
restricted to 1 to 3 sites.

Significant differences were found in the fungal
community of healthy colonies among sites (ANOSIM,
R = 0.174, p = 0.004). Jobos showed significant dissim-
ilarities with Humacao and Luis Peña. Aspergillus

flavus, A. niger, and Cladosporium sp. contributed
most to these dissimilarities (Table 2a). Other signifi-
cant dissimilarities were found between Humacao and
Luis Peña, and Humacao and Escambrón, where A.
niger and Penicillium citrinum contributed most to the
dissimilarities, while A. flavus, A. niger, and A. sydowii
contributed to the dissimilarities between Culebrita
and Humacao. Thus, even the most common species
contributed to differences among sites.

Fungal community in diseased sea fans. The diver-
sity of isolated fungi was low, and it was common to
find singleton species not shared with diseased colo-
nies in other reefs (Table 1). Surprisingly, Aspergillus
sydowii was not isolated from diseased tissue from any
reef, and A. flavus was the only species shared in 6 out
of the 8 reefs.

There were significant differences among sites in the
fungal community in diseased tissue (1-way ANOSIM,
R = 0.383, p = 0.003). Jobos showed significant dissim-
ilarities with Icacos and Luis Peña (SIMPER analysis).
Aspergillus flavus, Gloeotinia temulenta, and Penicil-
lium citrinum were the main species that contributed
to these dissimilarities (Table 2b).

In each reef, fungal community composition did not
differ significantly between healthy and diseased tissue.
However, there were significant interactions between
reef and health state (1-way ANOSIM, combined factors:
tissue–site, R = 0.279, p = 0.001). According to the
SIMPER analysis, healthy colonies from Jobos showed
significant dissimilarities with diseased colonies from
Piñeros and Icacos. Likewise, diseased colonies from
Jobos showed significant dissimilarities with healthy
colonies of Piñeros and Humacao. Aspergillus flavus,
Cladosporium sp., and Gloeotinia temulenta were the
most important species contributing to these dissimi-
larities (Table 2c).

Fungal community in seawater. We isolated 23 spe-
cies of fungi in 6 genera from seawater (Table 3). Water
from Escambrón showed the lowest diversity (1 spe-
cies) and Palominito Island the highest (10 species). As
in sea fans, Aspergillus was the most diverse genus (9
species). Twenty-two species were found in the sea-
water of nearshore reefs; Penicillium citrinum, A. acu-
leatus, A. sydowii, A. tamarii, and Cladosporium sp.
were the most common. Only 9 species were found off-
shore (A. flavus and Penicillium sp. were the most
common), and almost all offshore species were shared
with nearshore reefs (Table 3). More species were
shared among sites in seawater than were shared
among sea fans. No significant difference in fungal
communities isolated from nearshore and offshore sea-
water was found (ANOSIM, R = 0.088, p = 0.244).

Comparison of fungal communities among sea-
water and diseased and healthy sea fans. Ten species
were shared among seawater and diseased and
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healthy tissues, with Aspergillus flavus being the most
common species in both seawater and sea fan tissues.
Other shared species were A. aculeatus, A. ochraceus,
A. niger, A. sydowii, A. tamarii, A. versicolor, Penicil-
lium sp., P. citrinum, and Cladosporium sp. (Fig. 3). No
significant differences were found between the fungal
communities from healthy sea fans and seawater
(ANOSIM, R = –0.011, p = 0.48). Likewise, differences
between diseased sea fans and seawater were not sig-
nificant (ANOSIM, R = 0.141, p = 0.091).

Disease prevalence and its relationship with fungal
community composition. Disease prevalence was rela-
tively low in all sites (0 to 17.5%), and the variation
among sites was marginally significant (χ2 = 9.93;
df = 5; p = 0.07; Table 4). Culebrita had the highest dis-
ease prevalence, while Jobos had the lowest. Preva-
lence of disease (including type 2 lesions) at the last
monitoring period correlated marginally with total
number of fungal species isolated from diseased sea
fans (R = 0.76, n = 6, p = 0.07).

DISCUSSION

Fungal diversity

All of the fungi isolated in this study were first
described as terrestrial, although they have also been
reported from seawater (Kohlmeyer & Volkmann-
Kohlmeyer 2003). The most frequent species were
Aspergillus flavus, A. sydowii (found only in healthy
sea fans), and Penicillium citrinum. This result is con-
sistent with previous studies in Puerto Rico (Toledo-
Hernández et al. 2007a, 2008). Other culture-based

studies have reported Penicillium as ubiquitous in dif-
ferent gorgonian species (Koh et al. 2000) and both
Aspergillus and Penicillium in scleractinian corals
(Kendrick et al. 1982). Also, Penicillium, along with
other genera such as Cladosporium, Fusarium, and
Acremonium, are frequently found associated with
sponges (Holler et al. 2000). It appears that these fungi
are successful at colonizing different hosts and are
common in many marine organisms.

Greater diversity probably would have been revealed
by using direct amplification of DNA from sea fans and
seawater instead of culturing, since microorganisms
that do not grow in culture could thus have been identi-
fied (Bayman 2007). However, the ratio of non-cultur-
able to culturable species appears to be far lower for
fungi than for bacteria; in some groups of endophytic
fungi in leaves, higher diversity was revealed by cultur-
ing than by direct amplification (Arnold et al. 2007). Di-
rect amplification also has limitations: DNA extraction
methods and use of specific PCR primers have inherent
biases against certain taxa. The best option for fungal
diversity studies is to combine direct amplification and
culturing approaches (Bayman 2007). This is particu-
larly applicable to obligate marine fungi, which are
largely undescribed (Pang & Mitchell 2005). Fungal
taxa that are not represented in molecular databases
are difficult to identify using BLAST searches, and
some sequences deposited in these databases have
questionable taxonomic identifications (Bridge et al.
2003). Although the methods used here overrepre-
sented the frequency of Aspergillus and Penicillium
relative to non-culturable fungi, comparisons among
tissues, substrates, and reefs were not biased because
the same methods were used consistently.
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Species Nearshore reefs Offshore reefs
Piñeros Jobos Humacao Icacos Escambrón Luis Culebrita Vieques 
Island Peña Island Island

Aspergillus aculeatus – H, D – – – – – –
A. flavus D H, D D H H, D – H, D H
A. niger – H H – – – – –
A. ochraceus – – – – – D – –
A. sydowii – – H H – H H –
A. tamarii – – – – D H – –
A. terreus – – – – – – D –
A. versicolor – – – – H – D –
Cladosporium sp. H H – H – – – –
C. cladosporioides – D – H – – – H
Gloeotinia temulenta H, D – H D – – – –
Penicillium citrinum – – H – H, D H, D – –
Penicillium sp. H H – – – – – –
Stachybotrys chartarum – – – – – – – H
Tritirachium sp. – – – – – H, D – –

Table 1. Fungal species isolated from diseased (D) and healthy tissue (H) from Gorgonia ventalina at different reef sites. Dashes 
indicate that species were not found at those sites
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Spatial variation in the mycoflora of sea fans

Spatial variation was found in the mycoflora associ-
ated with healthy and diseased sea fans. Three reefs
were most responsible for the spatial variation in the
mycoflora of healthy sea fans: Jobos, Humacao, and
Luis Peña. The dissimilarities suggest that local envi-
ronmental factors may influence the fungal composi-
tion of sea fans. Jobos had more fungal species and
more isolates than other sites. A possible explanation is
that Jobos is an estuary, historically impacted by agri-
cultural runoff and a major sugar cane mill, and cur-

rently impacted by the chronic dis-
charge of warm waters from a thermo-
electric plant (Robles et al. 2002). Also,
Jobos is a large, closed bay with a small
entrance, which may limit exchange
with adjacent areas and thus promote a
distinctive fungal community. In con-
trast, Humacao and Luis Peña had good
water quality (high transparency) and
appeared to have little terrestrial influ-
ence. However, it is not clear why these
2 sites had a distinctive mycoflora be-
cause other sites also shared these at-
tributes. Bruno et al. (2003) found that
local increase in nutrient concentrations
can increase the severity of disease in
sea fans at smaller spatial scales.

The mycoflora associated with dis-
eased sea fan colonies also varied sig-
nificantly among reef sites. Again,
Jobos and Luis Peña were sites that
contributed to the spatial variation in
diseased colonies. The observed high
spatial variation in diseased colonies is
contrary to the expectation of domi-
nance by a single (e.g. Aspergillus
sydowii) or few pathogens across sites.
Rather, it is consistent with the hypothe-
sis that sea fan disease is caused by
opportunistic pathogens varying in
space and time (Toledo-Hernández et
al. 2008).

Studies of bacterial communities of
diseased corals (using direct amplifica-
tion) have also found significant spatial
variation, both among geographic areas
and at a local scale (Frias-Lopez et al.
2003, Voss et al. 2007). Our results show
that this pattern also applies to fungal
communities associated with diseased
corals, which vary among reefs several
kilometers apart. The fact that we also
found significant spatial variation

among healthy colonies suggests that this variation is
characteristic of fungal communities associated with
marine organisms in general, not only those associated
with diseased colonies.

Differences in the mycoflora between diseased and
healthy sea fans

In this study, differences in the mycoflora between
diseased and healthy colonies were more attributable
to differences between reefs than to the health of the
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Sites Pairwise test Average Species  Contribution 
(significance dissimilarity promoting (%)
level in %) (SIMPER, in %) dissimilarity

(a) Healthy sea fans
Jobos–Humacao 0.8 94.4 Aspergillus flavus 33.12

A. niger 19.21

Jobos–Luis Peña 0.2 100 A. flavus 35
Cladosporium sp. 18.33

Humacao–Luis 5.4 90.8 A. niger 29.38
Peña Penicillium citrinum 22.6

Humacao– 5.6 94.7 A. niger 29.38
Escambrón P. citrinum 22.60

Culebrita– 5.4 92.2 A. flavus 26.51
Humacao A. niger 25.90

A. sydowii 24.70

(b) Diseased sea fan tissue
Jobos–Icacos 4.8 100 A. flavus 41.67

Gloeotinia temulenta 41.67

Jobos–Luis Peña 4.8 100 A. flavus 41.67
P. citrinum 20.83

(c) Healthy vs. diseased sea fan tissue
Piñeros (H)– 2.4 85.07 A. flavus 29.47
Jobos (D) G. temulenta 12.85

Cladosporium sp. 12.30

Piñeros (D)– 4.5 72.84 A. flavus 37.29
Jobos (H) G. temulenta 37.29

Cladosporium sp. 12.71

Humacao (H)– 0.6 100 A. flavus 34.67
Jobos (D) A. niger 17.33

G. temulenta 10.94
A. aculeatus 10.78

Icacos (D)– 1.8 100 A. flavus 40.74
Jobos (H) G. temulenta 40.74

Table 2. (a) Similarity percentage (SIMPER) analysis for fungal communities in
healthy sea fans among sites. Significance was determined by analysis of similarity
(ANOSIM) followed by pairwise test comparison. (b) SIMPER analyses for signifi-
cant ANOSIM between fungal communities isolated from diseased tissue in Gor-
gonia ventalina by reef sites. Significance was determined by ANOSIM. (c) SIM-
PER analyses for significant ANOSIM of fungal communities between healthy (H)
and diseased (D) tissue of sea fans among sites. Pairwise comparisons that were not 

significant are not shown
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colony. A parallel study that involved some of the same
reefs sampled in this study also found significant dif-
ferences between fungal communities in healthy and
diseased sea fan tissue (Toledo-Hernández et al. 2008).
However, that study pooled data from several reefs,
and just tested for differences among tissue types. Our
results suggest that the differences they observed may
have partly been due to differences among reefs rather

than differences between healthy and diseased tissue.
In scleractinian corals, bacterial communities differ

between healthy and diseased colonies. The bacterial
composition in corals may be controlled in part by the
coral itself, promoting selectivity (Klaus et al. 2005,
Pantos & Bythell 2006, Ritchie 2006, Rohwer et al.
2002). This same pattern was reported for bacterial
communities present in sea fans, where changes were
observed between affected and unaffected areas of the
same colony, but was not obvious between individual
healthy and diseased colonies (Gil-Agudelo et al.
2006). However, this pattern was not observed for
fungi. Our study suggests that many fungi found in
seawater are successful colonizers of sea fans and pro-
vides little evidence for selectivity.
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Species Nearshore Offshore
LA PA DI CL HU IK IP JO FA ESC LP MO VI CB

Aspergillus aculeatus + + – + – + + + + + – – – +
A. flavipes – – – – + – – – – – – – – –
A. flavus/oryzae – – + – – + + – – – + + – +
A. japonicus – – – + – – – – – – – – – –
A. niger group – + – – – + – – + – – + – –
A. nomius – + – – – – + – – – – – – –
A. ochraceus – – – – – – + – – – – – – –
A. puniceus – + – + – – + – – – – – – –
A. sydowii + + – + – – + – – – – + – –
A. tamarii + + – – – – + + – – + – – +
A. terreus – + – + – – – – – – – – – –
A. tubigensis – + – – – – – – – – – – – –
A. versicolor + + – – + – – – – – – – – –
Cladosporium cladosporioides + – – – – – – – – – – – – –
Cladosporium sp. – – + + – + – + – – – + + –
Nectria mauritiicola – – – – – + – – – – – – – –
Penicillium citrinum – + + + – + – + + – – – + +
P. coprophilum – – – – – – – – + – – – – –
P. solitum – – – – – – – – – – + – – –
P. glabrum – – – – – – – + – – – – – –
Penicillium sp. + – + + – + – – + – + – + +
Phoma pomorum – – – – – – – + – – – – – –
Stachybotrys echinata – – – – + – – – – – – – – –

Table 3. Fungi isolated from seawater from different reef sites. Nearshore reefs: LA: Cayo Largo, PA: Palominito Island, DI: Cayo
Diablo, CL: Cayo Lobo, HU: Humacao, IK: Icacos Island, IP: Isla Piñeros, JO: Jobos, FA: Fajardo, ESC: Escambrón. Offshore reefs: 

LP: Luis Peña, MO: Mona Island, VI: Vieques Island, CB: Culebrita. +: presence. –: absence

Diseased

1
3a

4d
2c 4b

Healthy

a. Gloeotinia temulenta
 C. cladosporioides
 Tritirachium sp.

d. A. flavus
 P. citrinum
 A. aculeatus
 A. tamarii

b. A. sydowii
 Penicillium sp.
 A. niger
 Cladosporium sp.

c. A. ochraceus
 A. versicolor

2

Seawater

7

Fig. 3. Shared fungal species among healthy and diseased tis-
sue of sea fans and seawater. Numbers in the overlap be-
tween circles represent shared species: (a) healthy and dis-
eased tissue, (b) healthy tissue and seawater, (c) diseased
tissue and seawater, (d) diseased and healthy tissue and sea-
water. Numbers in the big circles represent the number of 

species not shared. A.: Aspergillus

Sites N M1 M2 M3

Jobos 29 0.0 3.4 10.34
Humacao 46 4.3 4.5 4.35
Culebrita 57 17.5 20.0 17.54
Vieques 59 8.5 9.1 5.08
Piñeros 77 9.1 14.3 12.99
Icacos 180 10.0 7.7 6.67

Table 4. Percent of aspergillosis prevalence in sea fans for
each site. N = total number of colonies. M1, M2 and M3 are
the percent of prevalence observed during a year of monitor-
ing of the colonies. M1: first monitoring, M2: monitoring after 

6 mo, M3: last monitoring after 1 yr
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Spatial variation in the mycoflora in seawater

The mycoflora was more diverse in seawater than in
sea fans. Moreover, the fact that the species accumula-
tion curve for seawater did not show a tendency to-
wards saturation indicates that the mycoplankton com-
munity is highly diverse. Sites offshore were less
diverse, with most offshore species shared with in-
shore sites. These shared species explain why the dis-
similarity between the inshore and offshore commu-
nity was not significant. These data suggest that an
important source of offshore mycoflora is the inshore
community with richness diluted as a result of ocean
circulation. This pattern is expected if some of the
fungi are terrestrial, and reach the ocean in runoff; it is
not expected if the fungi reach the ocean through
deposition from clouds of dust, which impact most of
the Caribbean, as has been proposed previously
(Shinn et al. 2000, Griffin & Kellogg 2004). Similarly,
surveys of inshore and offshore bacterioplankton from
Curaçao suggest that differences in the proportion of
cyanobacteria found between them may reflect the
influence of terrestrial runoff, coastal pollution, or inor-
ganic sedimentation inshore (Frias-Lopez et al. 2003).
Distribution and diversity of fungi in open water is
largely unexplored (Venter et al. 2004).

Although Aspergillus sydowii is considered the
causal agent of aspergillosis in sea fans (Geiser et al.
1998), it is probably an opportunistic rather than a pri-
mary pathogen (Toledo-Hernández et al. 2008). Given
that A. sydowii was not isolated from diseased colonies
from any reef in this study (as also reported by Toledo-
Hernández et al. 2008), the so-called sea fan aspergil-
losis may be caused by other microorganisms as well; it
is also possible that in some cases it may be an abiotic
disease with no infectious agent, caused by environ-
mental stress (Green & Bruckner 2000).

Comparison of mycoflora in seawater vs. sea fans

The similarity between fungi isolated from seawater
and sea fans suggests low specificity of sea fans for
fungi. Most species found in sea fans were also present
in seawater and most were species of Aspergillus.
Given the cosmopolitan nature of Aspergillus species
in terrestrial environments, their salt tolerance, and the
tremendous numbers of conidia they produce, their
ubiquity in marine environments is not surprising
(Griffin & Kellogg 2004).

Studies that have related the bacterial community of
hard corals and seawater have found more differentia-
tion (Frias-Lopez et al. 2002, Rohwer et al. 2002).
Therefore, octocorals may be less selective than scler-
actinian corals, or fungi may be less specific colonizers

than bacteria. The lack of information about whether
facultative marine fungi sporulate in the water (Smith
et al. 1996, Shinn et al. 2000), or how long the fungi can
survive in the water column or in other marine organ-
isms, makes it difficult to determine the functional
importance of these fungi in marine ecosystems. How-
ever, it is expected that they can disperse rapidly in
marine systems, due to strongly directional ocean
currents that run along the coastlines (McCallum et al.
2003).

The results of this study suggest that local environ-
mental factors influence fungal composition and that
the source of marine fungi may be local terrestrial
input, promoting spatial variation of fungal communi-
ties. Attempts to isolate Aspergillus sydowii from
African dust clouds were unsuccessful (Rypien 2008),
casting doubt on African dust deposition as a source
of pathogens of sea fans in the Caribbean. Our
attempts to isolate A. sydowii from dust events that
impacted Puerto Rico in 2006 were also unsuccessful
(A. Zuluaga-Montero unpubl. data). Thus, it seems
that African dust clouds may have been overempha-
sized as a source of pathogen inoculum for sea fans,
although the arrival of inocula will vary with changes
in atmospheric conditions (Goudie & Middleton 2001).

The high spatial variation of the fungal community in
sea fans found in this study provides an important in-
sight in understanding sea fan disease. Little is known
about spatial variation in marine microbial communi-
ties, and techniques commonly used to study terrestrial
communities of plants and animals are difficult to
apply.

Disease prevalence and fungal composition

This study supports the hypothesis that sea fan dis-
ease is caused by opportunistic pathogens rather than
by a primary pathogen. The site with the highest
prevalence (Culebrita) was also the site that exhibited
the highest number of fungi considered opportunistic
pathogens (Aspergillus flavus, A. terreus, and A. versi-
color; Abarca 2000). Also, no fungal species at these
sites was solely associated with diseased colonies; most
were associated with both diseased and healthy
colonies. Finally, the marginal correlation between
prevalence and fungal richness supports the oppor-
tunistic pathogen hypothesis.

New approaches to patterns of local distribution in
marine microbial communities would help researchers
focus on how local land use practices affect these pat-
terns. Local strategies in terrestrial conservation man-
agement may be key for the management of coral dis-
eases as well as for the conservation of coral reef
ecosystems in general.
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