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Cause of sea fan death in the West Indies
A fungus from the genus Aspergillus is the probable agent of epizootic infections that have caused mass mortality of sea fan corals (Gorgonia ventalina) over the past 15 years1,2. Here we show that four strains of the fungus involved in these infections are members of the species Aspergillus sydowii, a common saprobe (an organism that lives on decaying matter) that is found in both terrestrial and marine environments. Isolates of A. sydowii taken from diseased sea fans caused new infections of sea fans in inoculation experiments, whereas isolates taken from elsewhere did not.
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	Figure 1 Colonial growth of the Saba 
sea fan pathogenic isolate in culture. 


We took four fungal isolates from diseased sea fans in Saba, Trinidad, the Florida Keys, and San Salvador, Bahamas. We cultured the isolates on agar media and analysed them morphologically and by DNA sequencing. The sequence of the 18S nuclear ribosomal small subunit gene was identical in three isolates tested, and was more similar to that of Aspergillus fumigatus than to any other sequence in GenBank2. All four isolates showed morphological characteristics typical of A. sydowii 3,4, including the production of conspicuously echinulate asexual spores (conidia) and a distinctive turquoise-blue colony colour (Fig. 1).

To establish that these isolates were A. sydowii, we sequenced a ~485-base-pair portion of the 5' non-translated region of the trpC gene from three of the isolates that could reinfect sea fans (see below). We compared these sequences to those from known A. sydowii isolates from peanuts in Georgia (isolate H640), dates in Austria (NRRL 242), dried fish in Japan (NRRL 244) and silk thread in Philadelphia (NRRL 249) and to sequences from other closely related species (Aspergillus versicolor, Emericella nidulans and Emericella violacea).

We chose this sequence because it shows 3.8-5.4% variation between phenotypic sister species of Aspergillus (A. parasiticus and A. flavus) and a maximum of 2.2% variation among isolates within a phenotypic species (A. flavus)5. A. versicolor was chosen because it is phenotypically nearly indistinguishable from A. sydowii, and E. nidulans and E. violacea were chosen as outgroups.
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	Figure 2 Parsimony phylogenetic analysis of sequences from the 
5' non-translated region of the trpC gene. 


The sequences were subjected to maximum parsimony analysis, and all A. sydowii isolates and sea fan pathogenic isolates formed a strongly supported (100% bootstrap) clade that was separate from A. versicolor and the Emericella outgroups, with no evidence for distinction between the known pathogenic isolates and A. sydowii isolates from non-marine sources (Fig. 2). Sequence divergence between the sea fan pathogenic and non-marine isolates showed a maximum of only 1.1% (representing six variable nucleotide sites), whereas it was a minimum of 10.1% between any of these isolates and A. versicolor isolate 226. We conclude that the fungus causing mortality of West Indian sea fans is A. sydowii.

A. sydowii is a common, cosmopolitan saprobic fungus not previously recognized to cause widespread disease in plants or animals. It has been isolated from a variety of terrestrial environments, including deglaciated soils in Alaska and various soils in tropical regions, as well as from many different plant materials6. In a survey of fungi that could be cultured from subtropical marine waters near the Bahamas and the Straits of Florida, A. sydowii was found in both eulittoral zones and oceanic zones, and was isolated from waters collected as deep as 4,450 m (ref. 7). Many Aspergillus species, including A. sydowii, are tolerant of salt concentrations as high as, or higher than, those found in the marine environment.

To further test the virulence of A. sydowii, we used isolates from non-marine environments (NRRL 242, 244 and 249) and two isolates from sea fans (those from Saba and San Salvador) to challenge small (~20 cm in height) G. ventalina colonies in flow-through seawater aquaria at the Bahamian Field Station in San Salvador. We directly inoculated sea fan colonies with pure A. sydowii cultures in separate experimental aquaria and inoculated colonies with sterile media in control aquaria. All replicates inoculated with the Saba and San Salvador isolates showed recession of coenenchyme at the point of inoculation, exposing the axial gorgonin skeleton (central core). These are typical signs of aspergillosis of sea fans2. This response did not occur in colonies inoculated with non-marine strains of A. sydowii or in controls. We conclude that, under these conditions, isolates of A. sydowii taken from diseased sea fans possess pathogenic potential not seen in isolates taken from other sources.

Several Aspergillus species have a tendency to be opportunistic animal pathogens, generally striking individuals with compromised immune systems. The infection of West Indian sea fans by A. sydowii may also be opportunistic, owing to weakening of the host from stress imposed by pollution, other pathogens or environmental factors. The fact that non-marine isolates of A. sydowii failed to cause disease may reflect the presence of a specific pathogenicity factor in some isolates, perhaps a mycotoxin or other secondary metabolite. The virulence of A. sydowii isolates taken from the water column should be tested to determine whether pathogenic potential exists in all marine isolates. It should also be determined whether isolates of other Aspergillus species, many of which are commonly found in marine environments, are able to cause diseases of sea fans or other corals.
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