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The marine biota of Cocos Island is well known; however, the terrestrial biota is poorly understood. In an effort to
document the myxomycetes of the island and to determine their ecological distribution along an elevation gradient, a
survey was carried out in 2005. Forty-one species were recorded, mostly from moist chamber cultures prepared with
samples of various types of substrate material collected from a series of selected study sites. The assemblage of species
on Cocos Island was found to be more similar to that reported from previous studies in Puerto Rico than those obtained
from other investigations carried out in continental Costa Rica. This suggests that the very isolation provided by the
ocean may influence the biotic interactions and ecological factors involved in determining the distribution patterns and
dispersal potential of myxomycetes in the various microhabitats in which these organisms occur. Decreasing diversity
with increasing elevation and the role of certain microenvironmental factors in maintaining myxomycete assemblages in
particular microhabitats is also discussed. The data generated in this study also contributes to the body of knowledge
required to evaluate some of the biogeographical and ecological hypotheses currently under discussion within the

scientific community.
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Introduction

Cocos Island is a small oceanic land mass
located approximately 550 km southeast of the
Pacific coast of Costa Rica (Hogue and Miller,
1981). The rugged topography found in the
island is thought to be the product of volcanic
and tectonic activity associated with the
Galapagos hotspot approximately 2 million
years ago (Castillo et al., 1988; Walther, 2002).
The geographic isolation of Cocos Island has
produced a distinct assemblage of species and
high levels of endemism (e.g. Hogue and
Miller, 1981). The extremely wet climate and
oceanic character give Cocos an ecological
character that is not shared with either the
Galapagos Archipelago or any of the other
islands (e.g., Malpelo or Coiba) in this region
of the world (Kirkendall and Jordal, 2006).

Even though isolated islands such as
Cocos potentially represent living laboratories
for studies of biogeography and evolution,

relatively little is known about their biota and
the ecological dynamics of the organisms
present. This is particularly true for protists, a
group for which most species have been
proposed to be cosmopolitan (de Wit and
Bouvier, 2006). Interestingly, recent evidence
relating to myxomycete distribution and
ecology in the Neotropics (e.g., Lado et al.,
2003; Stephenson et al., 2004; Rojas and
Stephenson, 2007) seems to show that some
species within the group appear to respond
more directly to microenvironmental factors
than predicted by the neutral theory, which
may indicate that the ubiquity theory does not
necessarily explain myxomycete distribution
patterns. This same observation has also been
made for other protists (Foissner, 2006).
Continental Costa Rica represents a good
starting point for studying the dynamics of the
assemblages of myxomycetes associated with
tropical ecosystems. These organisms have
been well investigated throughout most areas
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Fig 1 Geographical location of Cocos Island in the eastern Pacific (right) and a detailed map of the trail system and
study sites used in the present investigation. Abbreviations used for study sites are explained in Material and Methods.

of the country (e.g. Schnittler and Stephenson,
2000), where a series of ecological patterns has
been documented. One of the more important
of these is the general pattern of decreasing
myxomycete  diversity ~ with  increasing
elevation. Moreover, higher levels of diversity
appear to exist in temperate rather than tropical
regions of the Northern Hemisphere investi-
gated to date (Stephenson et al., 2004). The
myxomycetes of insular tropical communities
have been studied in the past (e.g. Eliasson and
Nannenga-Bremekamp, 1983; Eliasson, 1991;
Pando, 1997; Novozhilov et al., 2001) but
never in the context of the relative isolation,
geologic history and ecological situtation that
an island such as Cocos provides. The overall
objective of the present study was to investi-
gate the diversity, species assemblages and
substrate specificity of myxomycetes along an
elevational gradient on Cocos Island.

Materials and methods

The vegetation of Cocos Island consists
primarily of lowland tropical moist forests,
according to the Holdridge life zone classi-
fication system (Beauvais and Matagne, 1998).
The island is located between latitudes 5°30'06"
to 5°33'26" N and longitudes 87°05'46" to
87°01'47" W and is within the Costa Rican
continental waters jurisdiction (Montoya,
2007). The surveys reported herein were
carried out during a visit to the island in April
2005, during a period when weather conditions
were moderately dry. Because this island is a
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world historical treasure and a world heritage
site, study areas had to be selected within the
context of the trail system already in place.

A. Selected study areas

Six study sites situated along a transect
that represents an elevation gradient across the
island were selected. The starting point for the
transect was in the northeastern portion of
Cocos Island at Chatham Bay, and the ending
point was at Cerro Iglesias in the southwestern
portion of the island (Fig 1). A brief descrip-
tion of each of the study sites is provided
below.

Chatham Bay (CB - 5°32'S6"N,
87°02'42"'W)

This study site encompasses the only
sandy beach and represents one of the two bays
of the island. The vegetation is typical of
lowland coastal areas throughout the
Neotropics, with Erythrina fusca, Ochroma
pyramidalis and Terminalia catappa as
common tree species (e.g. Porter, 1973). The
forest shows a simple wvertical structure,
sometimes with only two discrete vegetation
layers and intermediate-to large-sized canopy
gaps. The areas surveyed for myxomycetes
occurred at elevations between 5 and 15 m.

Chatham-Wafer
5°32'29''N, 87°02'53"'W)

In the trail from Chatham Bay to the
interior of the island there is an area of open

Trail (CW-T -



savannah-like forest dominated by grasses,
sedges and ferns of the family Dennstae-
dtiaceae. The vegetation at this study site has a
very limited vertical structure, with only two
subordinate layers within the understory and no
other structural components present. Although
this type of vegetation is found at intermediate
elevations between 75 and 150 m, it is
characterized by the absence of canopy, which
creates a virtually open area.

Wafer Bay Ridge (WB-R — 5°32'39"'N,
87°02'57"'W)

This study site represents the first non-
coastal area of forest vegetation along the
elevation gradient. It is located on a ridge
between Chatham and Wafer bays. Three of the
most common trees in this moist forest are
Ficus pertusa, Ocotea insularis and the
endemic Cecropia pittieri. The vertical
structure of the forest is quite different from
that of coastal areas, with more than three
discrete vegetation layers and intermediate-
sized canopy gaps that give the forest a more
closed appearance than is the case in coastal
areas. This study site occurs at an elevation of
approximately 100 m.

Genio River
87°03'18"'W)

The portion of the island in which this
study site occurs resembles Wafer Bay Ridge
in plant composition and stratification;
however, it is characterized by the typical
structure of a gallery forest, with trees
following a more linear arrangement along the
river. Common plant species in this area
include Rustia occidentalis, Pilea gomeziana and
the endemic Hoffinannia piratarum. Elevations
in this portion of the island range between 100
and 150 m.

(GR - 5°32"21"N,

Cerro Iglesias  Trail
5°32'03''N, 87°03'56''W)
Located at a higher elevation (ca 400 m)
on the Cerro Iglesias trail, the forest at this
study site resembles the premontane cloud
forests of continental areas at the same latitude
(e.g. Monteverde in Costa Rica), although at a
much lower elevation. The most abundant

plants include the canopy dominants Sacoglottis

(CI-T -
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holdridgei, Ocotea insularis and Clusia rosea and
large ferns of the genus Cyathea in the
understory. However, Euterpe precatoria is
commonly observed extending beyond the
canopy. The vertical structure of this forest is
characterized by more than three non-discrete
layers of vegetation and intermediate-sized

canopy gaps.

Cerro 5°31'41"'N,
87°04'12"'W)

This study site represents the highest
point on the island. The general characteristics
and structure of the forest are essentially the
same as for Cerro Iglesias Trail. The canopy of
this area is dominated by Sacoglottis holdridgei
and the understory by Cyathea alfonsiana
(Montoya, 2007). However, the very top of the
mountain, which coincides with the end of the
trail, is represented by an open area that is
clearly the product of human influence. The
elevation in this area is 575.5 m (Castillo et al.,
1998, Montoya, 2007).

Iglesias (CI -

B. Field and laboratory studies

A series of 130 moist chamber cultures
was prepared in the laboratory from samples of
dead plant material collected in study areas.
For this part of the study, samples of both
ground litter and aerial litter (dead but still
attached plant parts above the ground) were
collected in the Chatham Bay, Chatham-Wafer
Trail, Cerro Iglesias Trail and Cerro Iglesias
study sites. Samples of bark and twigs were
collected only in the Wafer Bay Ridge and
Chatham Bay study sites, respectively, whereas
only samples of aerial litter were obtained in
the Genio River study site. All samples were
processed and studied using the laboratory
protocol given by Stephenson and Stempen
(1994).

In addition to the Ilaboratory study,
specimens of myxomycetes that fruited in the
field under natural conditions were collected
and curated using the protocols described by
Cannon and Sutton (2004) and Stephenson and
Stempen (1994). Following this methodology,
myxomycetes are searched for in an opportu-
nistic manner in the microhabitats provided by
different types of dead plant material. When
observed, the specimen along with a small
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Table 1. Species of myxomycetes recorded from Cocos Island and ecological parameters associated
with the species in question. Note: A = Abundant, C = Common, O = Ocassional, R = Rare and NA
= Not available (i.e. when a particular species was recorded only in moist chamber culture or when
the number of specimens for that particular species was only one), FC/MC = total number of field
collections (FC) and moist chamber records (MC) for each species, SD = standard deviation.

Species Abundance FC/MC pH (SD)* Elevation®
Arcyria afroalpina Rammeloo R 0/1 3.61 (NA) 575
Arcyria cinerea (Bull.) Pers. A 0/56 491 (1.21) 10-575
Arcyria minuta Buchet C 0/4 6.34 (1.34) 10
Clastoderma debaryanum A .Blytt C 0/5 5.71 (1.55) 10-400
Clastoderma pachypus Nann.-Bremek. R 02 4.27 (NA) 400
Collaria arcyrionema (Rostaf.) Nann.-Bremek. ex Lado A 0/20 6.04 (0.96) 10-150
Collaria lurida (Lister) Nann.-Bremek. C 0/7 4.28 (1.62) 10-250
Comatricha elegans (Racib.) G.Lister C 0/5 6.21 (0.85) 10-150
Comatricha laxa Rostaf. R 0/1 3.33 (NA) 250
Comatricha nigra (Pers. ex J.F.Gmel.) J.Schrot. (0] 0/3 3.94(1.19) 150-575
Comatricha pulchella (C.Bab.) Rostaf. C 0/7 4.65 (1.21) 10-400
Comatricha tenerrima (M.A.Curtis) G.Lister A 0/9 6.11(1.01) 10-575
Craterium aureum (Schumach.) Rostaf. R 0/1 6.14 (NA) 150
Cribraria intricata Schrad. R 1/0 NA 150
Cribraria microcarpa (Schrad.) Pers. A 0/22 4.84 (0.80) 10-575
Cribraria violacea Rex A 0/12 7.06 (0.78) 10-100
Diachea leucopodia (Bull.) Rostaf. C 4/3 5.43 (0.71) 10
Diderma effusum (Schwein.) Morgan A 0/10 5.14 (1.50) 10-575
Diderma hemisphaericum (Bull.) Hornem. R 0/1 5.90 (NA) 150
Didymium iridis (Ditmar) Fr. (¢} 0/3 5.88(0.73) 10
Didymium minus (Lister) Morgan R 0/1 5.29 (NA) 150
Didymium squamulosum (Alb. & Schwein.) Fr. C 0/5 5.99 (1.31) 10-150
Echinostelium minutum de Bary R 0/1 4.27 (NA) 400
Hemitrichia minor G.Lister (0] 0/2 4.64 (2.24) 10-250
Hemitrichia serpula (Scop.) Rostaf. ex Lister (0] 172 4.92 (0.17) 10-575
Lamproderma scintillans (Berk. & Broome) Morgan C 0/5 6.17 (0.36) 10-150
Licea sp. (¢ 0/2 5.29 (0.65) 100-150
Macbrideola scintillans H.C.Gilbert R 0/1 4.02 (NA) 100
Perichaena chrysosperma (Curr.) Lister A 0/10 7.10 (0.39) 10
Perichaena depressa Lib. A 0/10 6.12 (0.97) 10-150
Perichaena pedata (Lister & G.Lister) Lister ex E.Jahn R 0/1 4.97 (NA) 400
Physarum compressum Alb. & Schwein. (0] 0/2 7.44 (0.02) 10
Physarum javanicum Racib. R 0/1 6.35 (NA) 10
Physarum melleum (Berk. & Broome) Massee C 6/0 NA 10
Physarum pusillum (Berk. & M.A.Curtis) G.Lister R 0/1 6.62 (NA) 150
Physarum serpula Morgan (0] 02 6.45 (1.21) 10
Physarum superbum Hagelst. R 0/1 7.43 (NA) 10
Stemonitis flavogenita E.Jahn R 0/1 6.05 (NA) 10
Stemonitis fusca Roth A 0/8 5.59 (0.90) 10-150
Stemonitopsis hyperopta (Meyl.) Nann.-Bremek. R 1/0 NA 10
Tubifera bombarda (Berk. & Broome) G.W.Martin R 1/0 NA 150

*mean pH of the moist chamber cultures in which the species was recorded
Pelevation (m) or range of elevations over which a species was recorded
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portion of the substrate upon which fruiting
occurred are collected and returned to the
laboratory, after which they are glued to paper
strips, placed in small pasteboard boxes and
allowed to dry at room temperature. In the
current study, no specimens still in the
plasmodial stage were collected. In addition,
pH was not measured for field collections. The
morphological concept of species in current use
for myxomycetes was applied to all of the
collected material. Nomenclature follows
Hernandez-Crespo and Lado (2005) except for
Tubifera bombarda, for which the treatment of
Martin and Alexopoulos (1969) is used.
Nomenclature for plants follows Trusty et al.
(2006).

C. Data analysis

Serensen’s coefficient of community
index was calculated for each of the data sets
from those study sites where samples of both
ground litter and aerial litter or bark and twigs
were collected equally. The Shannon-Wiener
index was obtained for the same study sites as
well as for the entire assemblage of myxomy-
cetes recorded from Cocos Island. The
taxonomic diversity index was calculated for
the combinations of ground litter-aerial litter
and bark-twigs, using the methodology
outlined by Stephenson ez al. (1993).

Species were classified according to their
abundance using a protocol similar to that
described by Stephenson et al. (1993). In this
system of classification, species representing
more than 3% of the total number of specimens
were considered as abundant, those falling
between 1.5-3% as common, between 0.5-1.5%
as occasional and those less than 0.5% as rare.

A species accumulation curve was
generated for each type of substrate, using both
field and laboratory data based on the
abundance-based coverage estimator (ACE)
values calculated by the program EstimateS
(Colwell, 2006) with a cutoff value of 1.5% in
abundance. These sets of data were adjusted

y= ay
later according to the formula (b +x) as
suggested by Raaijmakers (1987). Since the
coefficient of variation for all the datasets was
higher than 0.5, an estimation of the total
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number of species to be expected for each
substrate was calculated using the program
SPADE (Chao and Shen, 2003) by using the
ACE values as recommended by Chao et al
(20006).

Results

Two hundred and forty-one specimens
representing 41 species of myxomycetes were
recorded from the various study sites. The
numbers of records from field and laboratory
conditions are shown in Table 1. Moist
chamber cultures were especially productive,
with 92% of all moist chambers and 93% of
those prepared with samples of aerial litter or
ground litter showing some evidence (either
fruiting bodies or plasmodia) of the presence of
myxomycetes. None of the 41 species was a
new record for the country of Costa Rica or the
entire Neotropical region; however, they do
represent the first records of this group of
organisms from Cocos Island. Only four
species were represented exclusively by speci-
mens that had fruited under field conditions, As
such, specimens obtained by means of the
moist chamber culture technique made up more
than 90% of the total number of all species
recorded during the entire study. Interestingly,
34% of all specimens were recovered from
twigs and bark, although samples of these
substrates represented only 20% of all substrate
samples collected. In fact, twigs were the
substrate characterized by the highest mean
number of fruitings per moist chamber culture
(t=1.96, d.f. = 136, p < 0.05), with a value of
3.70. The corresponding values for aerial litter,
ground litter and bark were 1.23, 1.30 and 1.95,
respectively.

The species accumulation curves (Fig 2)
appear to indicate that for all the different types
of substrates examined, adequate sampling was
carried out; however, there seem to be two
different trends in the analysis. The species
accumulation curves for the two types of litter
(ground and aerial) and the two non-litter
substrates (bark and twigs) seem to be more
similar to each other than to either member of
the contrasting substrate type. The ACE values
for the maximum number of species to be
found in the different substrates indicate that
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Fig 2 Species accumulation curves for the assemblages of myxomycetes associated with the four different types of
substrates investigated. In each instance, the dashed line represents a prediction of the curve using the modified
equation obtained from the ACE values. The calculated maximum values of species richness using SPADE were 48 for
aerial litter, 39 for ground litter, 14 for bark and 17 for twigs.
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Fig 3 Number of species by substrate type in relation to elevation for both ground litter and aerial litter where the two
types of litter were collected equally. The asterisk indicates a statistically significant relationship.

Table 2. Sgrensen’s coefficient of community values for pairwise combinations of the assemblages
of species from the four different study sites where samples of both aerial litter and ground litter
were collected equally (upper right) and numbers of species shared in common (lower left).

Chatham Bay Chatham-Wafer Trail  Cerro Iglesias Trail Cerro Iglesias
Chatham Bay ok 0.40 0.22 0.38
Chatham-Wafer Trail 6 oAk 0.31 0.44
Cerro Iglesias Trail 3 3 oAk 0.40
Cerro Iglesias 4 4 3 *E*
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the survey accounted for the 62%, 69%, 93%
and 88% of the species in aerial litter, ground
litter, bark and twigs, respectively. The
Shannon-Wiener and taxonomic diversity
indices calculated for the assemblage of species
on the island were 1.31 and 2.27, respectively,
whereas the values for the latter index
calculated for the combinations of aerial litter-
ground litter and bark-twigs were 2.14 and
1.37, respectively.

When the aerial and ground litter data
sets for Chatham Bay, Chatham-Wafer trail,
Cerro Iglesias trail and Cerro Iglesias were
analyzed, the obtained values obtained for the
Shannon-Wiener index were 1.17, 0.92, 0.7
and 0.64, respectively. These diversity values
correlate with elevation (Shannon-Wiener
index versus elevation, Pearson’s product
moment = -0.96, p < 0.05). Interestingly, pH
showed the same pattern (pH versus elevation,
Pearson’s product moment = -0.76, p < 0.001).
With the single exception of the Cerro Iglesias,
all of the other study sites yielded higher
numbers of fruitings for aerial litter than for
ground litter (Fig 3, y*=4.43, gl = 1, p < 0.05).
In spite of this difference in substrate
preference, the highest values for Serensen’s
coefficient of community were obtained when
data from this study site were included. It is
interesting to note that the Cerro Iglesias Trail
study site was the least similar to all of the
other study sites (Table 2). When only species
associated with bark and twigs from the
Chatham Bay and Wafer Ridge study sites
were considered, no appreciable difference was
apparent in their diversity index values (0.70
and 0.72, respectively), and the Serensen’s
coefficient of community index for the two
sites was 0.3.

Discussion

As mentioned earlier in this paper,
information on the assemblages of myxomy-
cetes associated with insular ecosystems is
limited. Although the 41 species recorded in
the present study have also been reported for
continental Costa Rica and neighboring
countries, they represent a useful set of data to
use in an effort to better understand the
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biogeography of myxomycetes in one region of
the world. For example, species such as
Arcyria cinerea, Cribraria violacea, Collaria
arcyrionema and Perichaena chrysosperma
were abundant in both the present study and in
the moist tropical forests studied by Schnittler
and Stephenson (2000). However, some of the
other more abundant species recorded in the
present study, including such examples as
Cribraria microcarpa, Comatricha tenerrima,
Diderma effusum and Stemonitis fusca, were
not particularly common in the latter study but
were reported as among the more common taxa
present in Puerto Rico (Stephenson et al.,
2004). It has been suggested (e.g. Stephenson,
1989) that such differences in abundance can
be explained on the basis of the differences that
exist in resource availability and microenviron-
mental characteristics. However, until recently,
very few studies have addressed these
questions and thus have generated the data
required to test this hypothesis.

In a previous study carried out in the
tropical forests of Puerto Rico (Novozhilov et
al., 2001), both the species composition of the
assemblage of myxomycetes present and their
patterns of abundance were similar to those
found in the present study. For example,
Physarum serpula, a rare species on Cocos
Island, was also recorded by Novozhilov et al.
(2001) but not recorded by Schnittler and
Stephenson (2000) in Costa Rica. Even more
interesting is a comparison of the list of species
reported for a previous study in Puerto Rico
(Stephenson et al., 1999) and the same type of
data compiled in the present study. Eighteen
species, representing 80% of the data set for
Puerto Rico, are shared between the two
studies. This contrasts to the much lower
proportion (only 39%) of species shared in
common between the present study and those
reported by Schnittler and Stephenson (2000)
for a series of moist tropical forest study sites
in Costa Rica. It is obvious that differences in
the overall collecting effort and the types of
substrate available can influence these values;
however, there would seem to be some
evidence that the two islands have a more
similar species composition for a comparable
type of forest than either does with their
continental counterpart.
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A clear pattern obtained in this study is
the low number of species traditionally
regarded as corticolous, especially those
belonging to such genera as Echinostelium,
Licea and Macbrideola. This is not surprising,
especially when it is considered that these
genera seem to be more abundant in temperate
forests (see Stephenson et al., 1993) than
tropical forests. In previous studies in the
Neotropical region, this pattern has been well
documented (e.g. Schnittler and Stephenson,
2000, Novozhilov et al., 2001).

Another interesting result is that more
than 90% of the moist chamber cultures
prepared with samples of ground litter and
aerial litter in the present study were positive
for myxomycetes. Stephenson et al. (2004)
reported values for positive cultures ranging
from 39 to 79% for ground litter samples
collected from tropical forests in Puerto Rico
and indicated that these values were lower than
those usually reported for comparable sub-
strates in temperate forests. However,
Schnittler and Stephenson (2000) also reported
high values for cultures prepared using samples
of litter substrates collected in moist tropical
forests of continental Costa Rica, which
suggests that such values are not exceptional.
The fact that more than 90% of the specimens
obtained in the present study were obtained
from moist chamber cultures seems to suggest
that a more exhaustive field survey would be
necessary to document the myxobiota of the
island more completely. However, the
logistical constraints inherent in carrying out
field research in this part of the world make
such a task difficult to accomplish. A recent
study (Stephenson et al, 2008b) of the
myxomyetes associated with woody twigs has
provided evidence that this substrate is an
underestimated but important microhabitat for
some species. In the present study, in spite of
the fact that twigs were not collected from
study sites located at the higher elevations,
more than 30% of the total number of records
were recorded on this substrate.

Each of the species accumulation curves
show an apparently normal pattern for the type
of substrate being considered. Bark has been
reported to yield lower numbers of myxomy-
cetes than ground litter in the tropics (e.g.
Schnittler and Stephenson, 2000), which is
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exactly the reverse of the pattern that has been
observed in temperate forests (e.g. Stephenson,
1989; Stephenson et al, 1993). This may
explain, at least in part, why the two curves
representing litter substrates do not flatten in
the figure. Interestingly, the ACE values for the
maximum number of species indicate that the
survey was more complete for woody
substrates such as bark and twigs than for aerial
litter and ground litter. These estimates
however, may represent underestimations
simply because all of the different substrates
were not investigated with equal intensity, a
variable that clearly could not be controlled in
the present study due to logistical constraints
such as the time available for collecting in
more remote portions of the island. In any case,
it seems likely that most of the common
species on Cocos Island were successfully
recorded during the course of the present study.

A similar situation occurs with respect to
the Shannon-Wiener index of diversity. The
algorithm used in the calculation of the index
depends upon sample size and therefore indices
obtained for data sets derived using different
sampling efforts are not directly comparable.
Schnittler and Stephenson (2000) used a
methodology similar to that of the present
study and analyzed 111 moist chambers from
moist tropical forests in Costa Rica. In this
study they obtained a diversity index value of
2.97, much higher than the wvalue (1.31)
obtained after processing 130 moist chambers
in the present study. The isolation of Cocos
Island may play a role in accounting for this
difference.

On the other hand, similar values for the
taxonomic diversity index would be expected if
species of myxomycetes are distributed more
or less equally in different ecosystems and
geographical locations, as predicted by both the
ubiquity theory of protist distribution (Finley,
2002; Fenchel and Finley, 2004) and the
neutral theory of biodiversity (Hubbell, 2001).
However, in a comparative study of the
assemblages of myxomycetes associated with
temperate and tropical regions, Stephenson et
al. (1993) reported values higher than 3.0 for
tropical regions of India. The latter study was
based only upon specimens collected in the
field and did not involve a moist chamber
component. In a similar study carried out in



northern Thailand, Tran et al. (2006) reported
an overall value of 3.44, whereas Stephenson ef
al. (1999) obtained a value of 1.76 for a study
carried out in Puerto Rico. The latter value is
lower than what might be expected for a
tropical region, but their study was limited to
the ground litter microhabitat and considered
only specimens obtained from moist chamber
cultures. Interestingly, the value obtained for
Cocos Island (2.27) falls between the values
reported for India and Puerto Rico. However,
there is at least some evidence that tropical
insular assemblages are characterized by lower
species/genera ratios than continental ones,
which may reflect fundamental but as yet
undetermined differences in the biotic inter-
actions and ecological factors involved in
determining the distribution patterns and
dispersal potential of myxomycetes (Stephen-
son et al., 2008a). For these organisms, the
more limited habitat space and taxonomic (and
thus resource) diversity of available substrates
on an island may favor interspecific
competition over intraspecific interactions,
assuming that more closely related species
have more similar microenvironmental require-
ments. Data obtained from studies carried out
in arid areas of northern Chile (Lado ef al,
2007) and Russia (Novozhilov er al., 2006),
which are biogeographically isolated in an
ecological sense, provide evidence to support
for such a hypothesis. In fact, this apparent
resource partitioning among the members of
the assemblage of species of myxomycetes
present in a particular ecosystem may represent
one of the more important factors determining
both the local and global distribution within the
group.

A clear pattern of decreasing diversity
with increasing elevation was apparent in the
present study, based on the Shannon-Wiener
index values obtained for some of the study
sites. The occurrence of such a pattern in
tropical regions was discussed by Stephenson
et al. (2004). Apparently, a lower number of
plant species is associated with this
phenomenon, but the effect of abiotic factors
probably also plays an important role in
determining the distribution patterns of
myxomycetes. In the present study, pH was
also observed to decrease with elevation,
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suggesting that microenvironmental conditions
also change at higher elevations. Recent studies
(e.g. Schnittler et al, 2006; Rojas and
Stephenson, 2007) have demonstrated the
importance of some microenvironmental
characteristics in determining the occurrence of
some species of myxomycetes, which suggests
that if myxomycetes respond to microen-
vironmental factors when fruiting, they would
probably respond as well to macroenviron-
mental factors such as differences in elevation
and plant communities.

One interesting pattern that emerged
from the present study is that species richness
was higher for aerial litter than for ground litter
except in the study area at the highest
elevation, where more species were associated
with ground litter. It is generally assumed that
wind plays a major role in dispersing the spores
of myxomycetes (Stephenson et al., 2008a).
Schnittler et al. (2006) demonstrated that even
a slight breeze can have the potential effect of
causing the spore of a myxomycete to be
dispersed more than one kilometer from its
starting point. As such, the occurrence of
myxomycetes in aerial microhabitats would not
seem surprising. With this in mind, it seems
logical to attribute the apparent lower diversity
of aerial substrates at higher elevations to the
possible removal of spores by the usually
higher winds associated with such sites.
However, the leaching effect of the sometimes
almost horizontal wind-driven precipitation
that occurs over mountain peaks also could
reduce the number of spores associated with
aerial substrates.

Comparisons among the various study
sites did not reveal large numbers of species
shared in common, which also accounts for the
relatively low coefficient of community values
obtained for pairwise comparisons of these
study sites. It is clear that these differences
could be attributed, at least in part, to the
different plant communities present in the
study sites. Tran et al. (2007) reported a similar
situation for a series of study sites in northern
Thailand; however, the Cerro Iglesias Trail
study site was characterized by a coefficient of
community value even lower that might have
been anticipated, when the assemblage of
species was compared with those of the two
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lower elevations. Interestingly, Cerro Iglesias
shared more species with these communities,
which suggests that wind dispersal, presumably
more efficient in open areas, is a major factor
determining the composition of species on the
island. The forest surrounding the Cerro
Iglesias Trail is more closed than the other
three study sites, which would be expected to
place some constraint on wind dispersal.
Interestingly, the assemblages of species
associated with bark and twigs did not show
differences in diversity that could be related to
elevation, suggesting that the two study sites
involved (Chatham Bay and Wafer Bay Ridge)
may have similar environmental characteristics.
One possibly important aspect is that both bays
are located in the northern portion of the island,
where they would be subjected to the influence
of tides, winds and rain in similar manner. The
low coefficient of community value for these
two study sites seems to be related to
taxonomic differences in the plant communities
present.

In summary, the data obtained in the
present study indicate that both the species
composition of the  assemblages of
myxomycetes present and their diversity along
the elevation gradient represented by the
transect of study sites conform to a similar
pattern reported for other areas of Neotropics.
Moreover, these same data provided additional
evidence that the distribution of myxomycetes
in nature is not well explained by the ubiquity
theory. Instead, wind and the composition of
the plant communities present seem to be the
most important factors determining the
occurrence of myxomycetes on the island, and
perhaps for other insular ecosystems as well.
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