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Two methods for determining the number of species of litter decomposer agaric fungi in wet
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diversity were compared.
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This study was conducted to determine what area
needs to be sampled in order to determine the
diversity of litter agarics in a wet mainland
Neotropical forest. Unlike the situation in Britain
and Europe, where the agaric mycota is largely
known, the fungi in many wet tropical forests
have never been investigated, and often between
20% and 40% of the species are undescribed.
Results of a recent survey of mycologists who have
worked in both hemispheres suggests that many
fungal groups reach their highest diversity in
tropical and subtropical forests, and that fungi are
especially diverse in the neotropics compared with
Britain and Europe (Lodge et al., in press).

Given the daunting fungal diversity in tropical
forests, we need to optimize methods for assessing
the species richness in areas that are proposed for
parks and reserves, and for determining whether
biodiversity is declining in these conservation
areas (Coddington et al., 1991). A traditional
method is to look for a decrease in the rate at
which new species are encountered with increas-
ing search area (i.e. the plot of cumulative species
richness versus sampling area or effort), which
indicates that 70% to 80% of the species have been
found. However, that method had not proved to be
useful for diverse groups such as tropical spiders
and ants (Coddington et al., 1991), casting doubt
as to whether it would work for tropical fungi.
Coddington et al. (1991) found that adjusting
sample sizes so that there was a non-overlap, or

complementarily, of about 50% in the species
composition among samples, was better for
designing sampling regimes in highly diverse
groups of invertebrates. The purpose of this study
was to compare the species/area and complemen-
tarily methods of optimizing sampling designs for
litter agarics to provide a basis for recommenda-
tions on sampling design and intensity for wet
lowland Neotropical forests.

Methods

Pilot Study in Puerto Rico

Preliminary data on litter agaric diversity were
collected in a wet subtropical forest at 350-400 m
elevation at El Verde in the Luquillo Mountains
of Puerto Rico. The preliminary study was
designed to look at temporal fruiting patterns,
treatment effects and sample area, but only the
data on sample area are presented here. Data
from twenty-four 1 m2 plots that were sampled on
16 June, 1992 by Omar Oscar and Sharon Can-
trell were selected because agaric diversity and
abundance were both highest on that date. A total
of 42 agaric species was found, with 27 in one area
(Block 2) and 20 species in the other area (Block
3). Analysis of the data showed that we needed to
pool the data together from all 12 plots within
each of the two areas to reach a complementarily
in species composition approaching 50% (55% and
67%). Based on these data, we estimated that we
would need to sample at least 12 plots each of one



Volume 9, Part 4, November 1995

meter square in each of the sample areas at
Cuyabeno in Ecuador.

Sampling Design at Cuyabeno, Ecuador

Twelve 1 × 1 m plots were established in Tierra
Firme forest (above flooding) along trails in each
of two areas at Cuyabeno. Plots in Area 1 were
located at 50 m intervals along the main trail at
the PUCE research area, beginning at the 150 m
mark. Plots in Area 2 were located about 25 m
apart on the trail leading from the Neotropic
Turis Lodge, which was across the lake from Area
1, beginning after the footbridge over the Caman-
gucho (palm swamp). In both areas, plots were
located to the left or right of the trail as deter-
mined by a coin or stick toss, and were placed at
least 1 m off the trail. Areas that had been
trampled or had ant nests were avoided, but plots
were otherwise randomly placed.

Basidiomes were collected from plots on the
following dates: plots 1-6 in Area 1, and 1-3 in
area 2 on 3 August; plots 7–12 in Area 1 on 4
August; plots 4–9 in Area 2 on 7 August; and
plots in Area 10–12 on 10 August. All litter
agarics were collected within each plot, grouped
by morpho-type (those appearing to be the same
species), counted, and characterized in the field
using a hand lens. The specimens were later
compared microscopically to separate similar-
looking species and to match collections from
different plots. Morpho-species usually corres-
pond to traditional species since they are classi-
fied using the same macro- and microscopic
characters, but we did not try to assign Latin
names to them because more than 40% of those
investigated were undescribed species.

Results and Discussion

The morpho-species list for all 24 plots at Cuya-
beno was 70, compared with a maximum of 42 in
the 24 plots in Puerto Rico. The higher count in
Ecuador is not surprising because species diver-
sity is generally higher in the mainland than in
islands that are distant from the mainland. Of the
70 species encountered at Cuyabeno, 53 were
found at Site 1 in the PUCE research area, and 35
were found across the lake at Site 2 near the
Neotropic Turis Lodge. The forest floor at Site 2
was more exposed to wind and drying than at Site
1, which may partly explain the lower diversity
there.

Site 2 Site 1

Fig 1 Overlap in agaric litter species composition
between two rain forest sites at Cuyabeno, Ecuador.
See text for details.

The complementarily of species composition
between the two sites at Cuyabeno approaches the
ideal of 50%, suggesting that few species were
missed in the total sampling, but also that effort
was not being wasted. Of the 53 species in Area 1,
66% were not found in Area 2 (Fig 1). Of the 35
species in Area 2, 40% were not found in Area 1
(Fig 1). Twenty-one species were found in both
areas (Fig 1). These data suggest that sampling 12
plots 1 × 1 m in each area is close to the optimum
number needed for each sampling area or
replication.

A species-area curve was constructed from the
Ecuadorian data for comparison with the comple-
mentarily method (Fig 2), All data were com-
bined, and arranged in the order of their collec-
tion. The cumulative number of species was then
graphed against the cumulative number of plots
(Fig 2). Morpho-species richness increased rapidly
with each added plot up to 18 plots. This suggests
that we found 70% to 80% of the species present at
that time. A much greater sampling effort would
be required to encounter the remaining rare
species. Using a Jackknife test (Krebs, 1989), we
estimated that there were 99.5 species of agarics
fruiting on litter during that week (Lodge &
Cantrell, in press). The Jackknife test uses the
frequency with which species are found in only a
single plot to estimate the total number of species
present. The results indicate that our plots con-
tained about 70% of the species present in our
study area (Lodge & Cantrell, in press), which
agrees with the results of the species/area curve.
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Recommendations
Based on our data, we recommend that initial
sampling for species richness of litter agarics in
mainland wet tropical forests should consist of at
least two replicate sample areas, each containing
12 plots 1 × 1 m. This design should approach the
ideal amount of non-overlap, or complementarily,
of species composition in the two replicate areas.
Further analysis of similarity in species com-
position among plots suggest that they should be
spaced more than 50 m apart within each area to
insure that their fungal communities are indepen-
dent of each other (Lodge & Cantrell, in press).
The use of 24 plots in total should capture the
majority of species, based on the species-effort
curve and the Jackknife test. The data presented
here only represent a one-week period. Repeated
sampling would be required to determine how
often the plots should be sampled, using the same
methods as those used to assess the sampling
efficiency on a spatial scale. Furthermore, differ-
ent groups of fungi, such as humicolous species,
wood decomposers, and ectomycorrhizal fungi
would have very different dispersion patterns
than litter fungi. Separate analyses would there-
fore be required for each of these groups in order to
optimize sampling regimes for them.
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