
Introduction

Understanding the environmental constraints that
affect species distributions are critical to the mainte-
nance of biodiversity. The abundance of epiphytic
organisms, those that grow on another substrate, such
as a tree or rock, is a direct consequence of the avail-
ability and distribution of these substrates (Ackerman
et al. 1989). In the case of epiphytic orchids it is also
due to the presence of orchid mycorrhizal fungi
(OMF). For an orchid, crucial to its germination and
establishment, is its association with an OMF. The
OMF provides a carbon source to the developing
orchid embryo (Rasmussen 1995). Although recipro-
cal carbon transfer has been demonstrated in mature
plants of a green, terrestrial, orchid species, Goodyera
repens (Cameron et al. 2006), it is generally believed
that OMF receive no immediate benefit from their
association with orchids. Therefore, it would appear
intuitive that orchids would associate with all OMF
available within their local environment and that they
would actively seek this association.
In this investigation we sought to ascertain the

nature of the relationship between three closely relat-
ed, co-occurring species of epiphytic, Aeridinae (=
Sarcanthinae) orchids, their OMF, and their phoro-
phytes (host trees). The orchid study species:
Sarcochilus hillii, Sarcochilus parviflorus and
Plectorrhiza tridentata are all small, monopodial epi-

phytes found on trees and shrubs in temperate rainfor-
est gullies. The null hypothesis that we are testing is
that these three orchid species are randomly distrib-
uted throughout their forest habitat.
More specifically we are addressing the following

questions: 
• Do these three epiphytic orchid species exhibit a

random distribution across the woody plants of the
forest?

• Do these three orchid species associate with all
OMF within their local environment? 

• Do the OMF of these orchid species differ in their
ability to stimulate germination amongst these
species?

• Are these OMF actively attracted towards the seed
of these three orchid species?

Methods

To address these questions we surveyed four sites
where these three orchid species co-occur in temper-
ate south-eastern Australia. The woody plant compo-
sition of the forests and the associations of these three
orchid species with their phorophytes were deter-
mined using a maximum likelihood model.
Generalised Linear Mixed Models (GLMMs) were
used to detect preferences for physical features of the
phorophyte and local environment of these orchid
species. 
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To ensure adequate sampling of the OMF of each
orchid species, ten members of each species were sur-
veyed from two sites. To investigate the diversity of
OMF on the preferred phorophyte, five orchids that
were sampled of each species were on the most com-
mon host. Earlier research indicated that other mem-
bers of these orchid genera associated with the
Ceratobasidiaceae within the form-genus Rhizoctonia
(Warcup 1981). We also targeted Rhizoctonia-like
fungi when we isolated OMF from the roots of these
orchids. Verification that the isolated fungi were
capable of stimulating orchid germination (and there-
fore, were indeed OMF) was determined by germina-
tion trials. Genetic identification of the fungal associ-
ates was conducted by sequencing the nuclear riboso-
mal internal transcribed spacer (Gardes & Bruns
1993) and the mitochondrial large subunit (White et
al. 1990), and through the amplification of dispersed
repetitive DNA sequences (Versalovic et al. 1991).
Finally, to determine if the fungi were actively
attracted towards orchid seed, chemotropism trials
were conducted and the amount of fungal growth
towards test and control aliquots (of seed and water
respectively) was compared using Paired t-tests.

Results and discussion

Backhousia myrtifolia was the most common tree
at most sites and was the dominant phorophyte
species for all three orchid species, significantly so
for S. parviflorus and P. tridentata. All three orchid
species preferred a phorophyte with moderate to high
moss cover. Despite these similarities, distinct differ-
ences in the distribution patterns were detected for
each species of orchid. 
These three orchid species differed in the composi-

tion of their phorophyte flora: S. hillii’s distribution
approximated a random distribution which reflected
that of the rainforests’ tree species composition; P.
tridentata exhibited a strong bias towards B. myrtifo-
lia, although was otherwise on the broadest range of
phorophyte species; and S. parviflorus had the nar-
rowest range of phorophytes, exhibiting clear prefer-
ences for and against particular woody plant species.
However, the ‘species’ of phorophyte was not the
only correlate with orchid presence, each orchid
species exhibited non-random patterns in their prox-

imity to moss and location on their phorophytes.
Characteristics of the phorophyte that had the greatest
effect on the size and reproductive potential of the
orchids, as measured by the size and number of
leaves and number of inflorescences, were indepen-
dent of the species of the phorophyte.
We expected that these distributional differences

would reflect distinct OMF associations with each
orchid species; however, whilst different OMF were
found in association with these orchids it has not
explained the difference in phorophyte species asso-
ciation. All OMF isolated from these three orchid
species belonged to two distinct clades, groups,
within the genus Ceratobasidium, recognised as
clade L and clade K. All three orchid species associ-
ated with clade K, but only S. hillii was found with
clade L. This did not, however, explain the random
distribution of S. hillii, as members of both fungal
clades were isolated from orchids on the common
phorophyte, B. myrtifolia. Additionally, germination
trials revealed that even though both groups of fungi
were not naturally found in association with S. parv-
iflorus and P. tridentata, members of each OMF
clade could stimulate germination in all three orchid
species ex situ.  
Furthermore, the chemotropism experiment

revealed that members of both OMF clades were
attracted towards viable orchid seed. This is the first
experiment, that we know of, that has demonstrated
that orchid mycorrhizal fungi is actively attracted to
orchid seed. 

Conclusion

Each orchid species clearly demonstrated charac-
teristic preferences for phorophyte species or features,
indicative of specific ecological niches. They did not
exhibit a random distribution throughout the forest.
Furthermore, despite exposure to multiple potential
OMF, S. parviflorus and P. tridentata were only
found in association with a restricted subset of those
available in their local environment. This is despite ex
situ results indicating that there is no inherent physio-
logical reason why they do not associate with both
groups of OMF, and the fact that both clades of fungi
are actively attracted to orchid seed. 
These results typify the intrigue around this family
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of plants. For example, why would S. parviflorus and
P. tridentata attract, but not utilise all OMF within
their ecosystem? Possible explanations and ideas for
further study will be discussed.
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