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do not have data from the central and western North America, the exact 
geographic limit of P. maculans as a dominant parasymbiont remains 
undefined. Although we cannot provide a direct measure of the integration of 
P. maculans in the lichens, the frequency of their co-occurrence suggests a stable 
association. In the present study, the fast growth rate of P. maculans makes it 
easy to detect in lichens by cultures, but fast growth is not necessarily a 
characteristic of all dominant parasymbionts. It is possible that slow growing 
dominant parasymbionts also exist in lichens. 

P. maculans of the ascomycete order Xylariales is a weak plant pathogen of 
worldwide distribution usually associated with lesions or dead, discolored 
leaves (Mordue and Holliday, 1971 as P. guepini; Nag Raj, 1993). Interestingly, 
while this organism appears to be common in North American lichens, it is not 
among the over 500 species of secondary fungi isolated by Petrini et al. (1990), 
Moller and Dreyfuss (1996) and Girlanda et al. (1997) from European and 
Antarctic lichens. Perhaps, the reason for this geographic pattern is that P. 
maculans is more virulent and infects more plants in North America than in 
other geographic regions. Because P. maculans can produce conidia when 
growing in plants, infected plants could effectively become P. maculans 
dispersers, inoculating lichens around them. Once the fungus establishes itself 
in a lichen as dominant parasymbiont, the association is easily maintained 
through asexual reproduction (thallus fragmentation) of the lichen. 

For the purpose of comparison, we studied lichens from four other continents 
using the same isolation and culture method as applied to North American 
lichens. The results were varied, but none of the lichen groups yielded any 
dominant parasymbiont like P. maculans. Because of the limited number of 
samples studied and because our method reveals only fast growing dominant 
parasymbionts, it would be premature to conclude that no dominant 
parasymbionts were present in the lichens. Clearly, more systematic studies 
are needed to determine whether dominant parasymbionts, perhaps slow 
growing ones, exist in other geographic regions. But our results demonstrate the 
notable fact that secondary fungi, even fast growing ones, are not necessarily 
present in all parts of the lichen thallus. Thus the consistent presence of P. 
maculans in all parts of North American lichens is a valid characteristic of 
dominant parasymbionts. 

Despite our extensive efforts, we were unable to locate and identify hyphae 
of P. maculans in the thallus of Cladonia species, either by light microscopy or 
by ESEM. In the ESEM, the mycobiont and P. maculans grown in pure culture are 
morphologically different from each other (Figs. 1A and B), but the differences 
are absent in the mature lichen thallus. It appears that the morphogenetic 
process of the lichen overrides the expression of the genetically controlled 
morphology of both the mycobiont and perhaps the dominant parasymbiont as 
well. This agrees with the observation that both mycobionts and photobionts 
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in general exhibit different morphologies in pure culture as opposed to the 
organized lichen thallus. For example, in the lichen Heppia echinulata the 
cyanobacterial photobiont shows a unicellular, Gloeocapsa-like morphology. 
In pure culture, however, it produces filaments similar to those of the genus 
Scytonema (Marton and Galun, 1976). 

The distribution of P. maculans within the Cladonia thallus is consistent 
with the morphological and functional differentiation of the lichen thallus. 
The stereome, composed of non-viable hyphae bounded by a mucilaginous 
material, may serve only as structural elements imparting mechanical strength 
to the thallus. The outer medulla harbors the photobiont, contains pore spaces 
between hyphae, and is metabolically more active. Thus, it stands to reason 
that the medullary hyphae immediately adjacent to the photobiont cells 
belong only to the mycobiont. The non-lichen-forming P. maculans probably 
fills the available spaces within the "scaffolding" formed by the mycobiont. 
In the thallus, the slower growing mycobiont is able to out-compete the more 
aggressive parasymbiont apparently because it is able to extract nutrition 
directly from the photobiont, perhaps through haustoria formation (Fig. 1C, 
p). The dominant parasymbiont may play the role of a "scavenger", living off 
organic substances passively leaked from the photobiont and the mycobiont 
during wet-dry and freeze-thaw cycles (Farrar, 1976). In ecological parlance, 
one can speculate that in the lichen thallus there is a niche for the dominant 
parasymbiont both in the spatial and nutritional sense. 
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