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During a three week period in late November and early December 1998, the assemblage of
myxomycetes associated with cloud forests in the Maquipucuna Cloud Forest Reserve (western
Andes, Ecuador) was investigated by means of field collecting and substratum sampling for
subsequent preparation of moist chamber cultures. From more than 1000 myxomycete records
(with about half of these from moist chamber cultures), 77 taxa were identified with certainty;
30 of these are new for the country. Taxonomic descriptions and ecological observations of
rare and or tentatively new taxa encountered in the study are provided in an annotated
checklist. The frequency distribution of the 67 taxa identified from field records can be
described by a log normal model. This allows an estimation of the total number of species to be
expected, and the number actually recorded represents about 92% of this estimated figure.
Using a bootstrap method with a saturation model, the same type of estimate was determined
for a series of substrata used for the moist chamber component of the study. With one
exception, all estimates obtained fell between 67 and 92% of the total number of species to be
expected. Records of taxa obtained from moist chamber cultures and collected in the field
complemented each other in terms of the species represented. As such, it can be assumed that
more than 75% of all species of myxomycetes occurring in the cloud forests investigated were
indeed recorded in our study. This demonstrates the possibility of assessing biodiversity of
myxomycetes in tropical forests with a reasonable sampling effort, if data from field studies
and from moist chamber cultures of substratum samples are combined.
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Introduction
The myxomycetes (plasmodial slime moulds) are a relatively small group

(with ca. 1000 species worldwide) of fungus-like organisms usually present
and sometimes abundant in terrestrial ecosystems. However, because of their
life history strategy and inconspicuous nature, these organisms provide an
immense challenge in biodiversity assessments and, consequently, often have
been neglected in such studies. Indeed, much of what is known about the
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distribution and biodiversity of myxomycetes throughout the world has been
derived from field surveys undertaken to collect and study various groups of
fungi, with records of myxomycetes reported only as a by product. This is
particularly true for the Neotropics, as indicated by the collection records cited
in Flora Neotropica (Farr, 1976). The Galapagos Islands represent a notable
exception. Early studies by Bonar (1939), Martin (1948), and Reid et al. (1981)
focused on fungi, but also included records of myxomycetes. Eliasson (1971)
and Eliasson and Nannenga-Bremekamp (1983) carried out surveys that were
directed specifically towards the myxomycetes. When all records from these
sources are combined, 96 species of myxomycetes are known from the
Galapagos Islands. This total exceeds the number of species (87) known for the
much more diverse mainland of Ecuador, as derived from records reported in
Flora Neotropica (Farr, 1976) as well as in papers by Farr (1974), Farr et al.
(1979), Harling (1967) and Stephenson and Mitchell (1994). However, none of
these studies provided abundance data that can be used to estimate the degree
of completeness of the survey carried out.

The overall objective of the study described herein was to demonstrate
the feasibility of a rapid biodiversity assessment of the assemblage of
myxomycetes associated with forests in the Maquipucuna Cloud Forest
Reserve, located in the western Andes of Ecuador. During a three week period
in late November and early December 1998, an effort was made to record or
collect every myxomycete fructification in three study sites and to obtain
samples of various types of organic substrata to be used in the preparation of
moist chamber cultures. Specific objectives of the study were (1) to obtain
additional baseline data on myxomycete abundance and biodiversity in
Neotropical forests, (2) to determine the composition of the assemblages of
species associated with all of the different microhabitats potentially available
to myxomycetes in the cloud forests being studied, and (3) to use abundance
data to estimate the degree of completeness that can be achieved in this type of
survey.

Materials and Methods

Study sites
The Maquipucuna Cloud Forest Reserve, located ca. 40 km W of Quito,

Ecuador (Pichincha Province, Ooo07'N 78°38'W), is a 4500 ha nature reserve,
surrounded by 14000 ha of protected forest. The reserve is located adjacent to
the Choco bioregion of northwestern Ecuador and ranges in elevation from
1200 to 2720 m above sea level. Tropical Andean rain and cloud forests
intergrade with each other on the mostly west-exposed slopes of the reserve.
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The closest town is Calacali; two villages, Nanegal and Nanegalito, are the
nearest settlem.ents. Three study sites, all located within primary forests with
only minimal human disturbance, were selected to represent the forest types
found at three different elevations: Tropical Moist forest (MF, elev. 1300 m),
Tropical Premontane Wet Forest (WF, 1900 m), and Tropical Lower Montane
Rain Forest (RF, 2700 m). Classification of forest types follows Holdridge et
al. (1971).

Sampling and species identification
Specimens of myxomycetes as well as substratum samples for

preparation of moist chamber cultures were collected almost exclusively from
the three study sites. All microhabitats within which myxomycetes could be
expected to occur were examined carefully. Except for common species of
myxomycetes that could be identified reliably in the field, which were recorded
but not collected, a voucher specimen was taken from every fruiting observed.
It was assumed that sporocarps that shared the same substratum and were
separated by a distance that could be overcome by a migrating plasmodium had
developed from the same plasmodium; these were considered as one record.
Mature sporocarps were air-dried and mounted in small boxes. In addition,
permanent slides of individual sporocarps from particular collections were
prepared for study using polyvinyl lactophenol, polyvinyl alcohol or Hoyer's
medium. Sporocarps of Arcyria were mounted in polyvinyl lactophenol mixed
with methylene blue, to stain capillitium and spores. Descriptions of specimens
follow the terminology of Lado and Pando (1997), with colours described
according to Kornerup and Wanscher (1981). Collections reported herein are
deposited either in the Royal Botanical Garden, Madrid (MA-Fungi), with
duplicates in the collection of the first author stored at the Herbarium
Haussknecht, Jena (lE), or in the herbarium of Fairmont State College
(FWVA).

Substratum samples for moist chamber cultures were collected along a
transect of ca. 200 m length that was established at each study site. Within a
distance of 10 m, several substratum pieces of one type were collected and
pooled to produce a sample of ca. 15-25 g total weight. Sampling was repeated
as necessary over the entire transect, to obtain a series of substratum samples
of each type. Types of substrata sampled, with the number of samples from a
particular study site (equal to the number of cultures prepared) given in each
instance, consisted of: b - bark of living trees 1-2 m in height above the forest
floor (site 1: 33 samples, site 2: 24, site 3: 19); w - decaying, formerly solid
wood in various stages of decay (represented by the substratum upon which
field collections of myxomycetes occurred and not by a separate series of
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samples); lw - decaying stems of woody lianas at a height of 1.5-2.5 m (site 1:
21, site 2: 21, no liana occurred at site 3); II - leafy litter from the forest floor
(site 1: 44, site 2: 42, site 3: 41); la - leafy litter located at a height of 1.5-2.5 m
(site 1: 21, site 2: 21, site 3: 20); lh - aerial litter consisting of fleshy but still
herbaceous plant parts (e.g. Heliconia shoots and the rachis of palm fronds)
located at a height of 1-3 m (site 1: 20); ep - epiphyllic liverworts on living,
mostly leathery leaves of understory shrubs and small trees (site 1: 21, site 2:
20, site 3: 26); li - decaying corolla parts and bracts of inflorescences of living
giant herbs of the order Zingiberales (site 1: Heliconia griggsiana, 11 samples,
3-6 m height, Calathea plurispicata, 16, of 1.5-2.5 m, Costus guanaiensis, 13,
1.5-3 m; site 2: the Andean endemic Calathea ischnosiphonoides, 21, 1-1.5 m,
site 3: no suitable herbs occurred). Nomenclature used for vascular plants
follows J0fgensen and Leon-Yanez (1989).

Dung of herbivorous animals, which represents a potential microhabitat
for myxomycetes in temperate and boreal forests (Eliasson and Keller 1999),
was never encountered in the present study. A small number (20) of
miscellaneous litter samples were collected throughout the three study sites,
but these did not yield any additional species of myxomycetes.

Moist chamber cultures

All moist chamber cultures were prepared within a week after returning
from the field survey. Substratum samples were placed in dispqsable plastic
Petri dishes lined with filter paper. These were moistened with distilled water
adjusted to pH 7. After 24 hours, excess water was poured off and the pH of
the wet substratum was measured with a flat surface dectrode, using an Orion
model 610 pH meter. For each culture, pH was determined for three randomly
chosen substratum pieces. Cultures were maintained under diffuse light and at
a temperature of 22-25 C in a greenhouse for up to four months and checked on
five occasions (days 6, 17, 47, 81 and 109 after excess water was poured off).

Data analysis
Two different approaches, Pielou's (1975) method for fitting a truncated

log normal distribution and a saturation model, were used to estimate the
degree of completeness for the field survey and the moist chamber culture
components of the study, respectively. The first assumes that the respective
rank-abundance distributions follow the log normal model and result in an
estimate of the total number of species to be expected. Therefore, as a first
step, the Kolmogorov-Smirnov test of normality was run for the distribution of
species over classes of individuals (here defined as classes of doublings of
individuals + 0.5 according to Magurran [1988]).
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For analysis with the saturation model, first a bootstrap procedure was
run, where the sequence of samples (moist chamber cultures) was permutated
randomly and the number of recorded species was plotted against the number
of moist chambers (samples). The mean of 100 plots of species versus samples
was then subjected to a regression analysis, using a saturation formula y = ax /
(b + x), with the parameter a giving an estimate for the total number of species
to be expected. If the obtained curves came from a log normal rank-abundance
distribution, they will closely but not completely follow the saturation model
(Keating and Quinn 1998). However, computer simulations have shown that
for a sampling intensity equalling an average of 10 records per species the
saturation model will cause only about 7% overestimation of the number of
species to be expected (Schnittler et al., unpublished). Thus, if the rank
abundance distribution found complies with a log normal model, the resulting
estimate for the total number of species to be expected should be fairly
accurate.

The jackknife estimator Sexp= Sobs+ ((n + l)/n) * Sun (Heltsche and
Forrester 1983) was employed as an alternative nonparametric approach, with
Sexpas the number of species to be expected, Sobsbeing the number of species
observed, Sunas the number of species represented by only one record, and n as
the total number of records.

Results

Taxonomy
All species recorded are arranged alphabetically in the annotated list

given below. Nomenclature follows Martin and Alexopoulos (1969) except for
recently described species, where a taxonomic reference is given. The
abbreviation "cf." in the name of a taxon indicates that it could not be assigned
to this name without remaining doubts, whereas "?" denotes a taxon
represented by scanty and/or poorly developed material only. After each
species name,' an estimate of abundance as described by Stephenson et al.
(1993) is given in brackets. This estimate is based on the proportion
represented by a particular species to the total number of records for all species
(936 identified to species level): R - rare «0.5%, fewer than 5 records), 0 
occasional (0.5-1.5%, 5-14 records), C - common (>1.5-3%, 15-28 records)
and A - abundant (>3% or more than 28 records). For rare and/or
taxonomically difficult species, vouchers are cited, referring to the collection
numbers of the first author. One asterisk indicates a species recorded as new
for the mainland of Ecuador, whereas two indicate a new record for the entire
country. For each of the three study sites, the number of specimens recorded is
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provided, according to the substratum types described above, with collections
made in the field preceding a slash and specimens obtained in moist chamber
cultures following the slash. For records of doubtful identity and rare species,
brief taxonomic descriptions are given.

Arcyria afraalpina Rammeloo, Bull. Jard. Bot. Belg. 51: 229. 1981 [R, 17322,
1 record **] RF: ep -/1.

Notes: This collection is described in detail by Schnittler (2001).
Comparisons with the excellent description given by Rammeloo (1981 a,b) as
well as his specimen 4997 (isotypus) leave no doubt that the Ecuadorian
specimen represents A. afraalpina, the third record of this species outside the
East African Mountains (Spain: Lado and Pando, 1997: 165; Japan:
Yamamoto, 1998: 166) and the first for the New World. All characters match
the original description, except for the slightly thinner capillitium (described as
1.8-1-4.5 ~m wide). The SEM micrographs (Figs. 1-4) show that considerable
variation exists in the ornamentation of the capillitium, with the basal threads
having a less pronounced ornamentation than the thinner ones near the apex of
the sporotheca. This and the diminutive forms of A. cinerea may represent a
complex of apomictic biotypes, as demonstrated for Didymium iridis by Clark
and Mires (1999).

Arcyria cinerea (Bull.) Pers. [A, 108 records] MF: ep -/20, la -/5, li -/4, 113/10,
lw 0/3, w 21/0; WF: b -/1, ep -/17, la -/3, li -/7, 11-/2, lw 0/1, w 1/0; RF: ep -/4,
la -/2,11 -/3, w 1/-.

Notes: From the field collections on wood, the single stalked var. cinerea
(12 records) was slightly more common than the var. digitata (8 records), in
which several sporothecae share a common stalk. The latter variety was
observed only on wood. Differences between the varieties are minor, with var.
digitata having larger, cylindrical sporothecae typically 4-6 mm in length,
whereas typical specimens of var. cinerea are characterized by ellipsoid
sporothecae 2-4 mm in length.

Specimens from epiphyllic liverworts and most of these from
inflorescences constitute a diminutive form that may represent a distinct taxon
(see description in Schnittler, 2001). Specimen 13043 from forest floor litter
displays characters that are intermediate with A. afraalpina: the sporothecae
are ochraceous (4B4) and the spores are, with a diameter of (7.8-)8-9(-9.7) ~m,
larger than usual for A. cinerea. On the other hand, the spore-like cells in the
stalk are smaller than those in A. afraalpina (13-17 ~m diam.), the spore
ornamentation consists of fewer, scattered warts and the sporothecae are
ellipsoid in well-developed sporocarps, being 0.6-0.8 x 0.2-0.4 mm in extent.
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Figs. 1-4. Arcyria afroalpina (Schnittler 13722). 1. Spore. 2-4. Variation in the ornamentation
of the capillitial threads. 5-6. Cribraria intricata, spores (13030). 7-8. Cribraria languescens
(13077). 7. Peridial nodes. 8. Spore. 9-12. Cribraria tenella (13050). 9. Peridial nodes. 10-11.
Spores. 12. Sporocarp, showing the calyculus and the peridial net.
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Specimens morphologically intermediate between A. afroalpina and A. cinerea
were mentioned also by Rammeloo (1981 b) for the East African mountains.

Arcyria denudata (L.) Wettst. [C, 24 records] MF: 111/-, w 21/-; WF: w 1/-;
RF: w 1/-.

Notes: Specimens 13054, 13056 and 13129 deviate from typical
specimens of A. denudata in having fresh brick red (7A8) sporocarps on stalks
1.5-2.5 mm long and with capillitia1 plumes expanding up to 10 mm in length.
The capillitium is ornamented with relatively distant (4-6 per 20 !-tm)half-rings
and rings. This form tends to appear in large colonies; specimen 13129 was
estimated to consist of more than 5000 sporocarps.

Arcyria globosa Schwein. [0, 12819, 12995, 13045, 10 records **] MF: 11911.

Arcyria major (G. Lister) Ing [R, 13166, 1 record **] MF: w 1/-. Gregarious,
stalked sporocarps on well-decayed white-rotten wood.

Notes: Sporothecae obviously already faded in colour, reddish grey
brown (10D5), which suggests a pink or scarlet red colour when fresh.
Hypothallus common to the whole group; stalks 0.3-0.5 mm in length, 100-140
!-tmdiam. and gradually merging into the calyculus, the latter concolorous with
the sporotheca colour, densely stuffed with spore-like cells 10-13 !-tm diam.
Calyculus plicately folded, with a rather conspicuous pattern of evenly
distributed warts on the inner surface, small but deep, funnel-shaped, 0.3-0.4
mm wide and 0.3-0.5(-0.6) mm long. Capillitium a dense network of strongly
coiled threads with meshes approximately 50-120 !-tmwide, readily separating
from the calyculus and extending into a 0.6-0.8 mm long plume, threads 5-5.5
!-tm wide (including ornamentation), very evenly adorned with short, blunt,
conical spines or cogs (9-12 per 20 !-tm), by transmitted light pale red brown
(10B3). Spore-mass coloured as the sporotheca, by transmitted light
concolorous with the capillitium (10B3-10B2), globose, (6.5-)7.2-7.8(-8.1) !-tm
diam., with a few scattered warts. These characters match those of authentic
material from Nannenga-Bremekamp (specimen NENB 8990, Doorwerth, dead
hardwood), except for the more regular capillitial ornamentation and a larger
calyculus with a more pronounced ornamentation (D.W. Mitchell, pers.
comm.).

Ceratiomyxafruticulosa (MUll.) T. Macbr. [A, 37 records] MF: lh 3/-, w 22/-;
WF: lh 1/-, w 9/-; RF: w 2/-.

Notes: Whereas the var. arbuscula (Berk & Broome) Nann.-Bremek.
(Nederlandse Myxomyc. 55. 1975) with its arborescent, solitary sporophores
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was observed on wood in 8 out of 10 instances, the more caespitose var.
fruticulosa was also common on litter, where it formed smaller sporocarps that
were pale yellow (lA3-1A5) when fresh.

Ceratiomyxa morchella Welden [R, 12997,2 records **] MF: w 1/-; WF: w 1/
Notes: Observed twice as large fructifications (ca. 700 and 1000

sporophores, respectively) on acidic, decorticated logs.

Comatricha ? lurida Lister [R, 13612, 1 record **] MF: li -/1.
Notes: Represented by a single sporocarp only.

Comatricha pulchella (C. Bab. & Berk.) Rostaf. [0, 6 records **] MF: ep -/1,
114/-, lw -/1.

Comatricha tenerrima (M.A. Curtis) G. Lister [R, 12934, 1 record **] MF: lh
1/-.

Craterium aureum (Schum.) Rostaf. [0, 12982, 13090, 13093,7 records] MF:
116/-; WF: 1/-.

Notes: Found repeatedly on forest floor litter, always with bright yellow
(3A8) to chrome yellow (4A8) sporocarps. In three cases, this species was
associated with the more common C. leucocephalum.

Craterium concinnum Rex [R, 13046,2 records **] MF: 112/-.
Notes: Sporothecae on stalks 0.15-0.25 mm long, obconical, 0.25-0.3

mm diam. and light brown (5C4-5C3). The lid is concolorous, sunken and
separated by a distinct rim. The closely related C. minutum was not
encountered in this study.

Craterium leucocephalum (Pers.) Ditmar [C, 26 records] MF: lh 1/-,11 25/-.

Cribraria cancellata (Batsch) Nann.-Bremek. [C, 15 records] MF: w 13/-; WF:
w 1/-; RF: w 1/-.

Notes: The less common var. fusca was recognized by the presence a
small but distinct calyculus. Both varieties were usually observed to possess
very long (up to 4 mm in length) stalks.

Cribraria confusa Nann.-Bremek. & Y. Yamam. Proc. Kon. Ned. Akad. Wet.
C86: 212.1983 [R, 13604, 1 record **] MF: b -/1.

Notes: A new record for Ecuador, also known from the Amazonian part
of the country (Schnittler, unpublished).
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Cribraria intricata Schrad. [0, 13030, 5 records **] MF: 111/-, w 4/-.
Notes: Hazel-brown (4B7-4C8) sporothecae 0.5-0.7 mm diam., with no

distinct calyculus and a peridial net with numerous free ends and rather
irregularly spaced, thickened nodes 8-15 /lID wide were considered as the
typical characters for this species. It is closely related to C. tenella, which
possesses a very similar spore ornamentation (Figs. 5,6 and 10, 11).

Cribraria languescens Rex [R, 13077, 1 record *] MF: lh 1/-.
Notes: Differing from the closely related C. tenella by having more

coppery brown (5C8-5C7) sporothecae with a deeper, more urn-shaped
calyculus comprising half of the height of the sporothecae and relatively longer
stalks. In the SEM micrograph (Fig. 7), the peridial nodes clearly differ from
those of C. tenella by their larger size and almost pillow-shaped habit. Also,
the spores deviate by having an ornamentation consisting of subreticulate warts
(Fig. 8).

Cribraria tenella Schrad. [C, 13050, 15 records] MF: 1111-,w 13/-; WF: w 1/-.
Notes: Characters distinguishing this species from C. intricata, with

which it is often confused, were the smaller size (sporotheca 0.2-0.4 mm

diam.), the presence of a distinct calyculus, with the latter representing 40-60%
of the total height of the sporotheca (Fig. 12), the darker brown colour (4E8
4D7) and a peridial net that is much more regular in appearance, having larger
(15-20 /lm in extent), more thickened nodes and almost no free ends (Fig. 9).
The spores are very similar to those of C. intricata (Figs. 10, 11).

Cribraria violacea Rex [R, 14008,2 records *] MF: 111/1.

Diachea leucopodia (Bull.) Rostaf. [R, 2 records] MF: 112/-

Diderma corrugatum T.E. Brooks & H.W. Keller apud Brooks Mycologia 69:
180.1977 [R, 13126, 1 record **] MF: b 1/-.

Notes: One field collection from the bark of a living tree covered with

algae and liverworts. Figs. 13, 14 show the spore ornamentation that consists of
very regularly arranged short spines.

Diderma efJusum (Schwein.) Morgan [C, 15 records] MF: lh 1/-, 1112/-; WF:
ep -/2.

Diderma hemisphaericum (Bull.) Hornem. [C, 22 records] MF: ep -11, la -11, lh
1/-,111511; WF: la -11,11-11; RF: la -11.
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Figs. 13-14. Diderma corrugatum (Schnittler 13126), spores. 15. Lamproderma muscorum
(13112), spore. 16. Lamproderma muscorum (12941), spore. 17-18. Lamproderma sp. (13036),
spores. 19-20. Physarum sp: (13216), spores. 21. Perichaena quadrata (G. W. Martin 176,
USA, Iowa, Johnson Co., oak bark in moist chamber culture, 9 Dec. 1959), capillitial thread.
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Didymium anellus Morgan [0, 12828, 12994, 13047, 9 records **] MF: la -11,
lh 2/-, 114/-; WF: 111/-; RF: 11-11.

Notes: Grey (6D1), flattened plasmodiocarps 0.15-0.25 mm thick.
Hypothallus inconspicuous. Peridium membranous and sprinkled evenly with
lime crystals, these in some specimens forming an almost shell-like crust but
still recognisable as being distinct under a dissecting microscope; peridium
itself pale grey brown (6B2) to almost colourless by transmitted light, smooth.
Capillitium a flexuous network of anastomosing threads 0.7-1 ~m in diam.,
extending from the bottom to the top of the plasmodiocarp, mostly
perpendicular in orientation and attached to the peridium with their very fine,
almost colourless outermost ends, the central part of the capillitial threads often
with dark, nodular swellings, dull to light brown (6F6-6D4). Spore-mass coffee
brown (6E6), pale brown (6C3) by transmitted light, globose to subglobose,
(7.2-)7.8-9(-9.3) ~m in diam., ornamentation consisting of very fine warts and
groups of darker warts.

Specimens 12828 and 12994 differ from the description given above by
consisting of extensive plasmodiocarps and having smaller, paler (6C2) spores
(6-)6.2-7.2(-7.5) ~m in diam. The large and extremely flat plasmodiocarps
match the habit of Didymium flexuosum Yamash., D. serpula Fr. or D.
perforatum Yamash. However, D. flexuosum has a columella and vesicular
bodies in the capillitium, D. serpula also possesses vesicular bodies and D.
perforatum is distinguished by its larger, more spiny spores and its
labyrinthiform habit. In spite of their habit, specimens 12828 and 12994 appear
closest to D. anellus and are therefore placed under this name.

Didymium bahiense Gottsb. Nova Hedwigia 15: 365. 1968 [0, 13173, 12
records **] MF: b 2/-, la 1/-, li 4/-, lh 1/-,11 3/-, lw 1/-.

Notes: Because the conspicuously flattened, white pseudocolumella
permits a separation of D. bahiense from D. iridis on the basis of an easily
accessible morphological character, in spite of the proposal of Clark and Mires
(1999) to merge this taxon with D. iridis, it is here treated separately to
maintain comparability with earlier works. This taxon was not obtained in
moist chamber cultures.

Didymium clavus (Alb. & Schwein.) Rabenh. [C, 16 records] MF: la Ill, lh 2/-,
1111/1.

Didymium difforme (Pers.) S.F. Gray [R, 13691,2 records] MF: li -11; WF: ep
/1.
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Didymiumjloccosum G.W. Martin, K.S. Thind & Rehi11 [R, 13288, 1 record *]
MF: 111/-.

Notes: A single, large colony from the densely moss-covered bark of a
living tree, located among mosses and small amounts of leafy debris. All
characters agree with the isotypus (K.S. Thind 250, in BPI), although the spore
diameter is at the upper end of the range (9.1-9.4 flm versus 8-10 flm reported
in the original description). Distinguishing features of this species are the
rather long, ochraceous but internally limy stalks combined with an aerolate
peridium resembling that of D. nigripes (Link) Fr., as illustrated in Matsumoto
and Deguchi (1994). For South America, the species is also reported from the
Galapagos Islands (Eliasson and Nannenga-Bremekamp, 1983) and Venezuela
(Farr, 1974).

Didymium iridis (Ditmar) Fr. [A, 111 records] MF: ep -/14, la 1/10, li 3/7, 11
12/10, lw -/1; WF: ep -/16, li -/1, 11-/10, lw -/13; RF: ep -/13.

Didymium leoninum Berk. & Broome [R, 13289, 13290,2 records] MF: 112/-.
Notes: Although it seems to be more common in tropical Asia, this

species also is known from Jamaica (Farr, 1974) and Ecuador (Farr et al.,
1979).

Didymium nigripes (Link) Fr. [C, 13187, 15 records] MF: lh 5/-,119/-, lw 1/-.
Notes: Distinguished here from the closely related D. iridis by the

areolate peridium with brown patches 50-100 flm wide that are separated by
colourless bands, as described in Neubert, Nowotny and Baumann (1995: 122).
In the experience of the authors, this species does not appear in moist chambers
and has never been reported to complete its life cycle in laboratory culture.

Didymium squamulosum (Alb. & Schwein.) Fr. [A, 80 records] MF: b 1/-, ep 
/14, la 1/4, li 7/-, 1h 7/-, 118/2, lw 1/-; WF: ep -/19, la -/2,111/-; RF: ep -/9, la
/1, 11-/2.

Echinostelium minutum de Bary [R, 13525, 13725, 2 records, *] MF: la -/1,
RF: b -/1.

Enerthenemapapillatum (Pers.) Rostaf. [R, 13940, 1 record, **] MF: b -/1.

Fuligo septica (L.) F.H. Wigg. [R, 1 record] RF: w 1/-. One, large
fructification was observed in development.
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Hemitrichia calyculata (Speg.) M.L. Farr [A, 38 records] MF: lw 1/-, w 34/-;
WF: w 2/-; RF: w 1/-.

Hemitrichia serpula (Scop.) Rostaf. [C, 19 records] MF: lh 8/-, 112/-, w 9/-.

Lamproderma arcyrionema Rostaf. [R, 7 records] MF: la -/2,11 2/-, w 2/-; WF:
lh 1/-.

Lamproderma cf. muscorum (Lev.) Hagelst. [R, 12941, 13112,2 records **]
MF: lh 1/-, b 1/-.

Notes: Sporocarps gregarious appearing in large to very large colonies on
a red brown (8D8-8E8) hypothallus, stalk black, 0.5-0.6 mm in length, as long
or only slightly longer than the sporotheca, opaque black by transmitted light,
60-100 !lm wide at the base, 20-40 !lm wide at the apex. Sporotheca with a
silvery, rarely blue, iridescent peridium, 0.35-0.5 mm diam., subglobose with a
flattened base. Stalk continuing into a short, slightly clavate and blunt
columella with a diameter 20-40% of that of the sporotheca. Peridium
concolorous by transmitted light, slightly paler (7C4-7 A2), smooth, darker and
thicker around the stalk. Capillitial threads (0.8-) 1.2-1.8 !lm wide, arising
mostly from the upper part of the columella, pale red brown (7D5-7B3), with a
tendency to become paler towards their tips, flexible, slender and
anastomosing; with their tips attached to the peridium. Spore-mass dark
chocolate brown (7E7), pale brown (7C5) by transmitted light, globose, (8.4-)
8.6-9.2-(9.6) !lm diam., evenly covered with somewhat distant, darker, spines,
10-14 spines per hemisphere (Figs. 15, 16).

Specimen 13112 has a very flexible and finely branched capillitium,
which is very pale by transmitted light and causes empty sporocarps to appear
alm.ost colourless. The spore ornamentation and size of both specimens
matches 1. muscorum as described by Martin and Alexopoulos (1969), with
spores (6.5-)8-10(-14) !lm in diam., but Farr (1976) gives the spore diameter as
(8-) 10-12( -14) !lm. The spore ornamentation, with distant, prominent spines
excludes 1. arcyrioides (Sommerf.) Rostaf., which is known as a variety with a
very pale capillitium (var. leucojilum Neubert, Nowotny and Baumann, 1989).
However, 1. muscorum is described with a purple-brown and fairly rigid
capillitium, which leaves some doubt as to the placement of the Ecuadorian
specimens in this taxon.

Lamproderma scintillans (Berk. & Broome) Morgan [C, 19 records] MF: b 1/-,
ep -/1, la 2/4, 11-/5; WF: 11-/4; RF: 11-/2.
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Lamproderma sp. [R, 13036, 1 record **] A1F: lll/-.

Notes: A small colony of scattered sporocarps, shining, appearing black,
on long, slender, black stalks 0.8-1.1 mm long and with sporothecae 0.3-0.45
mm diam. Stalk arising from a discoid, red brown (9E8-9D7) hypothallus, by
transmitted light opaque black, ca. 60 /lm diam. at the base and tapering to ca.
25 /lm diam. at the apex, protruding in a blunt, clavate columella. Peridium by
transmitted light clearly areolate, with brown (7D6) fields 40-50 /lm in extent
separated by 5-8(-10) /lm broad, almost colourless bands. Capillitial threads
arising all from the upper, thickened part of the columella, which is about 35
/lm in diam., colour ranging from dull brown (8F8) at the base to pale brown
(8C3) at the tips, radiating and rarely anastomosing, 2-2.5 /lm wide near the
base and connected to the peridium by the much thinner tips. Spores very dull
brown (darker than 8F8) in mass, pale brown (7C3) by transmitted light,
globose, (7.5-)7.7-8(-8.2) /lm diam., covered with small, blunt verrucae <0.3
/lm in height (Figs. 17, 18), with a prominent paler germination slit. The warts
are blunt to slightly bacculate, sometimes leaving areas of a spore smooth.
Only L. gulielmae Mey!., also with sunken areas at the peridium, shows some
resemblance to this specimen but differs by having considerably larger,
spinulose spores (described as 12-15 /lm diam.) and a paler capillitium.

Licea operculata (Wingate) G.W. Martin [R, 13587, 13913,2 records] WF: b 
/1, lw -/1.

Licea cf. perexigua T.E. Brooks & H.W. Keller apud Keller & Brooks
Mycologia 69: 674.1977 [R, 13886, 1 record **] MF: b -/1.

Notes: Sporocarps scattered, almost black (8F8 and darker) when wet but
becoming iridescent when dry, on a short, paler brown (5C6-5B5) stalk-like
elevation of the hypothallus which reaches two-thirds to slightly more than the
whole sporotheca diameter. Sporothecae (40-)60-80 /lm diam., almost globose,
sessile on the stalk-like, stout extension of the hypothallus, which is 40-45 /lm
wide at the base and 35-40 /lm wide above; pale amber (5A4-5B4) by
transmitted light, sometimes darker due to the presence of substratum particles.
Peridium translucent chestnut brown (5C5) by transmitted light, with an
inconspicuous ornamentation of consisting of faint, regularly distributed warts
on the inner surface, dehiscing irregularly without an operculum or along
preformed lines. Spores globose, thick-walled, chestnut brown (5D6), smooth,
(13-)13.5-14.5(-15.2) /lm diam. Although the spores are larger (8.5-10.5 /lm is
given in the original description) and darker than described originally, the
overall habit fits L. perexigua more closely than the similar L. scyphoides T.E.
Brooks & H.W. Keller apud Keller & Brooks (Mycologia 69: 679. 1977),
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which is described as having a circumsessile dehiscence and granular deposits
on the peridium.

Lycogala epidendrum (L.) Fr. [0,6 records] MF: w 6/-.

Macbrideola decapillata H.C. Gilbert [R, 13889, 1 record **] MF: 11-/1.
Notes: Sporocarps very small, solitary on a stalk 0.25-0.35 mm long,

with a chestnut brown (6E8), globose sporotheca 70-90 f-lmdiam. Stalk arising
from a small, discoid hypothallus, almost black under the dissecting
microscope, red-brown (6C8) by transmitted light, 15-25 f-lmwide at the base,
tapering towards the tip and then dark red-brown (6F8), 5-6 f-lm wide,
appearing solid. Peridium evanescent except for a 20-25 f-lm wide collar,
smooth, pale red brown (6B4). Columella developed as a rapidly tapering
extension of the stalk, reaching about two-thirds of the sporotheca diameter,
with a few, pale red brown (6B4-6B3) capillitial threads 1-1.2 f-lmwide that
branch off the columella; the branches are almost perpendicular and have free

ends. Spore mass having the same colour as the sporotheca, spores very pale
red brown (6B2) by transmitted light, globose, (6-)6.4-7.5(-7.9) f-lm diam.,
thin-walled and ornamented with much darker, sharp spines up to 1 f-lmlong

(15 -20 per hemisphere).
The overall habit best fits that of M. decapillata, whereas the spore

ornamentation appears to be closest to that of M. ovoidea Nann.-Bremek. & Y.
Yamam. (Proc. Kon. Ned. Akad. Wet. C86: 231. 1983), which is described as
having ovoid, more robust sporocarps.

Metatrichia floriformis (Schwein.) Nann.-Bremek. [0, 12899, 5 records **]
MF: w 1/-.

Metatrichia vesparium (Batsch) Nann.-Bremek. [R, 12911, 1 record] MF: lh
1/-.

Paradiacheopsis jimbriata var. penicillata (Nann.-Bremek. & Y. Yamam.) Y.
Yamam. Myxomycete Biota Japan 583. 1998 [R, 13724, 1 record **] RF: b 
/1.

Notes: Only two but well-matured sporocarps constitute the single record
of this taxon, described originally as Comatricha penicillata Nann.-Bremek. &
Y. Yamam. Proc. Kon. Ned. Akad. Wet. C86: 223.1983.

Perichaena chrysosperma (Currey) Lister [R, 12877, 13911,2 records] MF: lw
-/1, w 1/-.
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Perichaena cf. dictyonema Rammeloo Bull. lard. Bot. Belg. 51: 230. 1981 [0,
13602, 13694, 13899, 13949, 14 records **] MF: la -/1, li -/13.

Notes: Sporocarps gregarious to scattered, sessile with a constricted base
and almost globose in shape, 0.4-0.55 mm diam. Peridium in the lower part
simple, shining, membranous, the sporocarp thus appearing bright ochraceous
yellow (4A6) in the colour of the spore mass, but in the upper part two-layered
and dark chestnut brown (5F8), giving the sporocarp the appearance of a head
with an irregularly lobed hat. The lower, membranous peridium is translucent
pale yellow (3A6) by transmitted light, smooth; in the upper part with an
additional, firmly attached layer of round granular deposits 3-5 flm in diam.,
opaque amber (5C8). Under SEM, the inner surface of the peridium has
wrinkled ridges (Figs. 29, 32). Capillitium a rather abundant network of rigid,
profusely branched threads 1.8-3 flm diam., appearing under the light
microscope as if composed of transversal segments (like a limb of the popular
Michelin-man used for advertisements). However, SEM micrographs reveal a
network of mostly longitudinal ridges (Figs. 30, 31, 33-34). Spores pale
golden-yellow by transmitted light, globose to subglobose, (13.1-)14-15.2(
15.8) flm diam., ornamented with regularly distributed fine spines up to 0.8 flm
length (Figs. 26-28, 35).

All specimens except 13696 (from banana litter) came from decayed
parts of living inflorescences cultivated in moist chamber. Comparison with
American material of P. quadrata, as described in Keller and Eliasson (1992),
revealed a number of deviating features. In the latter, spores are smaller (10-11
flm diam.), more faintly warted and have a thinner wall than those of the
Ecuadorian collections. In addition, in the American material the sporocarps
are more closely packed and pulvinate. As observed with the light microscope,
the capillitium has a less pronounced annulate appearance; viewed with SEM
(Fig. 21) the network of ridges is much less pronounced than in our specimens.
Since Rammeloo (1981b) stresses the network of ridges on the capillitium as
well as the darker peridium in the upper part of the sporotheca in his
description of P. dictyonema, the Ecuadorian specimens are best
accommodated under this name.

Perichaena pe data (Lister & G. Lister) G. Lister [R, 13899, 13964, 13484,
14020, 4 records * *] MF: la -/1, li -/1; WF: la -/1; RF: 11-/1.

Sporocarps small with a spherical sporotheca 0.15-0.25 mm in diameter
on a stalk 1.5-2.5 times longer than the sporotheca. Capillitium sparingly
branched, consisting of thin (2.5-3.5 flm wide) threads.

The four collections display considerable variation in the appearance of
the peridium, capillitium ornamentation and spore size. Specimen 13484 has
smooth, globose sporothecae without any dehiscence lines or warts and the
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Figs. 22-25. Perichaena pedata (Schnittler 14020). 22. Inner surface of the peridium. 23-24.
Capillitial threads. 25. Spore. 26. Perichaena cf. dictyonema (Schnittler 13949), spore. 27-31.
Perichaena cf. dictyonema (Schnittler 13602). 27-28. Spores. 29. Inner surface of the
peridium. 30-31. Capillitial threads. 32-35. Perichaena cf. dictyonema (Schnittler 13694). 32.
Inner surface of the peridium. 33-34. Capillitial threads. 35. Spore. 36-37. Perichaena pedata
(Schnittler 13899).36. Capillitial thread. 37. Spore.
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capillitium is wrinkled and ornamented with ridges and short spines, very
similar to that of P. chrysosperma. Specimen 14020 (Figs. 22-25) has many
small warts on the sporotheca, as in Perichaena minor var. pardina (Minakata)
Hagelst. and a capillitium with faint ridges that are densely covered with
needle-like spines up to 2 flm in length (10-15 per 20 flm, Figs. 23, 24) and
spores (9-)9.5-10.8(-11.5) flm diam. Collection 13964 has again a smooth
sporotheca, but possesses an areolate peridium resembling a miniature Trichia
erecta Rex, thus matching the description of P. areolata Rammeloo in this
character. The capillitium has prominent spiral lines but lacks spines. The
spores are, with a diameter of (12.2-)12.7-14(-14.5) flm, larger than usual for
P. pedata. Specimen 13899 (Figs. 36, 37) has again the habit of P. minor var.
pardina, with small, globose, short-stalked sporothecae possessing distant,
dark and elongated warts. However, the capillitium is ornamented with rather
distant (3-5 per 20 flm) spines up to 6 flm long and very faint longitudinal
ridges (Fig. 36). The spores are (9.5-)9.8-10.6(-11) flm in diam. Having only
four collections, all of them scanty, we tentatively assign them to P. pedata. It
should be noted, that three of the four specimens came from different sampling
plots, having only the substratum type (litter) in common.

Perichaena vermicularis (Schwein.) Rostaf. [C, 19 records] MF: la -/4, li 3/1,
lh 1/-,11 -/1; WF: li -/9.

Physarella oblonga (Berk. & M.A. Curtis) Morgan [R, 13201, 1 record] MF: w
1/-.

Physarum bogoriense Racib. [R, 12977, 13075,3 records] MF: lh 1/-,112/-.

Physarum cinereum (Batsch) Pers. [0, 13041,5 records] MF: li 1/-,114/-.

Physarum compressum Alb. & Schwein. [A, 84 records] MF: la 2/5, li 11/14,
lh 19/-,119/1, lw 3/2, w 1/-; WF: ep -/1, la -/1, li 1/6, lw -/3; RF: ep -/5.

Physarum didermoides (Pers.) Rostaf. [C, 22 records] MF: li 17/5.

Physarum cf. galbeum Wingate [R, 12894, 12945, 2 records **] MF: b 1/-, lw
1/-.

Notes: Small colonies of gregarious, long-stalked sporocarps with urn
shaped, subglobose sporothecae 0.2-0.35(-0.4) mm diam., the whole sporocarp
reaching a height of 1-1.5 mm. Stalk arising from an inconspicuous discoid
hypothallus, striate, dull orange (5B8) in the lower half, becoming more yellow
(4A 7) towards the upper half, bright orange (5A8) by transmitted light,
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timeless, ca. 80 !lm wide at the base and ca. 60 !lm wide at the apex, 1.5-1.7
times longer than the diameter of the sporotheca. Sporotheca with relatively
little lime, in the lower part almost limeless and dull yellow (3B8), the upper
part with a thin, evenly distributed lime layer, appearing sulphur yellow (3A8).
Peridium transparent bright yellow (3A7) by transmitted light, smooth,
membranous. Capillitium a dense isodiametric network of thin threads almost
free of lime nodules, colourless to very pale yellow (3A4) under the compound
microscope, almost white when observed with a dissecting microscope. Spore
mass pale violet brown (7D5), very pale brown (7B2) by transmitted light,
globose, (7.1-)7.6-7.9(-8.3) !lm diam., very faintly verrucose (verrucae only
visible under oil immersion), often with an even paler, colourless germination
slit extending over almost a whole hemisphere and then appearing as a pale
band.

Applying the currently used generic delimitation of Craterium, the
Ecuadorian specimens have to be accommodated in the genus Physarum due to
the lack of lime nodes ~mdthe absence of dehiscence lines. However, the urn
shaped sporothecae as well as the same substratum (forest floor litter) as
Craterium aureum, a species found to be rather frequent throughout this study,
suggest a close relationship between the two taxa. It is possible that P.
galbeum, C. aureum and P. flavidum (Peck) Peck (said to differ from C.
aureum only by larger spores and a double peridium richer in lime, Nannenga
Bremekamp [1991]) are forms of a single polymorphic species.

Physarum globuliferum (Bull.) Pers. [R, 13035,4 records **] MF: 114/-.

Physarumjavanicum Racib. [R, 13611, 1 record **] MF: li 1/-.

Physarum ? leucophaeum Fr. [R, 13062, 1 record] MF: 111/-.

Physarum cf. limonium Nann.-Brem. Proc. Kon. Ned. Akad. Wetensch., C 69:
357.1966 [R, 3 records **] MF: la -/2, li -/1.

Notes: According to data from the collection Nannenga-Bremekamp, P.
limonium is reported more commonly from wood and may be close to P.
oblatum T. Macbr. The Ecuadorian specimens conform very closely to the
description given for the latter in Martin and Alexopoulos (1969: 318), with a
habit similar to that of specimen M 5466a pictured in Neubert et al. (1995:
288). On the other hand, a comparison of the circumscriptions for P. oblatum
(typically inhabiting 'wood) and P. pusillum (inhabiting on litter) reveals no
substantial differences except for the sporocarp colour (yellow vs white) and
the ultimate taxonomic value of that character has been questioned for the
Physarales (Aldrich, 1982).
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Physarum melleum (Berk. & Broome) Massee [0, 13 records] MF: la 2/-, 11
10/-, w 1/-.

Physarum nutans Pers. [0, 12 records] MF: lw 1/-, w 11/-.

Physarum? penetrale Rex [R, 13219, 1 record **] MF: w 1/-.

Physarum pusillum (Berk. & M.A. Curtis) G. Lister [A, form I: 12849, 13018,
13071, form 11: 12993, 13138, 13930,35 records] form IMF: la 1/-, lh 1/-, w
1/-; form 11MF: la -/1, li 15/-; WF: la -/1, li 6/8, lw -/1.

Notes: Two forms of this species were distinguishable. Form I is the
typical form of P. pusillum, with slender stalks 0.5-0.7 mm long that are
orange-brown (6B8-6C8) under the dissecting microscope, translucent bright
yellow orange (5A8) by transmitted light, 120-140 !lm wide at the base,
tapering to 50-70 !lm at the apex, fibrous and free of dirt granula. The
capillitium is physaroid, with small (20-30 !lm in extent), angular lime nodes.

Form 11 has much stouter stalks. These are 0.3-0.5(-0.6) !lm long and
180-240 !lm wide at the base, tapering to 100-120 !lm at the apex, dull orange
brown (6E8 and darker) to almost black under the dissecting microscope,
opaque orange brown (6B8-6C8) and heavily incrusted with darker granula
probably taken up from the substratum. The capillitium is a badhamioid, very
rigid network of tubulae 8-12(-20) !lm wide, which gives the sporocarps the
appearance of a stalked Badhamia. Both forms have the same spore diameter
of (10-) 10.6-11.4(-12) !lm, the spores are thin-walled, globose, pale violet
brown (8B2-8C3) and minutely warted. Following the comments given by
Martin and Alexopoulos (1969: 325), who mention a capillitium "sometimes
approaching badhamioid", both forms are herein assigned to P. pusillum.

Physarum serpula Morgan [R, 13024, 13088,2 records] MF: 111/-, w 1/-.
Notes: Two small collections of short to elongated plasmodiocarps,

sulphur-yellow (3A5) to grey-yellow (3B4) are assigned to this species,
following the species circumscription as given by FaIT (1961) and emended by
Martin and Alexopoulos (1969: 329).

Physarum stellatum (Massee) G.W. Martin [R, 12845, 3 records] MF: 111/-, w
2/-.

Physarum superbum Hagelst. [R 13121, 1 record **] MF: lh 1/-.
Notes: Plasmodiocarps that are usually laterally compressed and bright

orange (5A8) separate this species from the closely related P. serpula.
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Physarum ? tenerum Rex [R, 12905, 13113, 4 records **] MF: lh 2/-, w 1/-;
WF: lw -/1.

Physarum viride (Bull.) Pers. [R, 13005, 1 record] MF: w 1/-

Physarum sp. [0, 13216, 13223, 13232, 7 records * *] MF: 117/-.
Notes: Small colonies of gregarious sporocarps on slender stalks, with a

globose sporotheca (0.15-)0.25-0.35 mm diam. Stalk arising from a very small,
discoid hypothallus, thin and slender but straight, 0.4-0.6 mm long and of
uniform thickness (45-55 ~m) over the whole length, straw-coloured (4A5
4B6), by transmitted light paler but concolorous (4A6-4B7), fibrous, limeless
and with a few dirt granula. Sporotheca in the lower part (ca. one-eighth of the
total height), limeless and dirty yellow (4C8), this area sharply separated from
the upper part that is sprinkled with rather coarse lime flakes, very pale yellow
(3A3-3A4), apparently fading with age. By transmitted light, the peridium
itself is almost colourless to pale straw-coloured (4A4 and paler) in the lower
part. Capillitium an isodiametric network with evenly distributed, rounded lime
nodes 20-40 !lm in extent, with the same colour as the peridiallime, somewhat
resembling that of the genus Craterium. Spore-mass chestnut brown (5E7),
pale brown (5C5) by transmitted light, globose, (7.2-)7.6-8.2(-8.4) ~m diam.,
minutely warted with inconspicuous groups of darker warts (Figs. 19, 20). This
taxon is represented by several small but well-matured collections from forest
floor litter. All are very similar to each other and clearly recognizable in habit
by the pale yellow (fading to cream white) sporothecae, with rather coarse,
flaky lime on long but straight, pale yellow stalk.

Physarum limonium Nann.-Bremek. (Proc. Kon. Ned. Akad. Wet. C69:
357. 1966) appears closest to our specimens, but the spores of the latter are
described as 10-13 !lm in diam.

Stemonitis axifera (Bull.) T. Macbr. [0, 7 records] MF: 111/-, w 6/-.

Stemonitisfusca Roth [0, 8 records] MF: lh 1/-,111/-, w 5/-; WF: w 1/-.

Stemonitis ? pallida Wingate [R, 12836, 1 record] MF: lh 1/-.

Stemonitis smithii T. Macbr. [R, 13198, 13285,2 records **] MF: w 2/-.

Stemonitis splendens Rostaf. var. splendens [R, 13211, 1 record] MF: w 1/-.

Stemonitopsis typhina (F.H. Wigg.) Nann.-Bremek. Nederlandse Myxom. 209.
1975 [R, 2 records] MF: w 2/-.
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Trichia afjinis de Bary [R, 12883, 12924, 12953,3 records **] MF: 111/-, w 2/-

Notes: According to Farr (1958), both T. persimilis Karst. and T. affinis
should be united with T. favoginea (Batsch) Pers., giving the latter species a
wider concept. However, this and other specimens collected by the authors in
the Neotropics would match the description of T. affinis, whereas typical T.
favoginea seems to be very rare in the region.

Trichia decipiens (Pers.) T. Macbr. [R 12927, 1 record] MF: w 1/-.

Trichia varia (Pers. ex J.F. Gmel.) Pers. [R, 13307, 1 record] RF: w 1/-.

Tubifera microsperma (Berk. & M.A. Curtis) G.W. Martin [0, 5 records] MF:
w 5/-.

Myxomycete diversity

Of the 1033 records of myxomycetes generated in the present study, 590
were from the field, including five collected plasmodia that failed to form
fructifications and 21 indeterminable collections (leaving 564 determinable
records). The other 443 records were obtained from 475 moist chamber

cultures (including 70 plasmodia and one immature fructification, thus leaving
372 determinable records). From these 936 determinable records considered

for the annotated species list, 77 taxa were identified with certainty, with
another six represented by scanty or damaged specimens that did not permit a
definitive determination. Seven of the 77 taxa could not be assigned clearly to
any described species; 23 are new for the country. Including all literature
records cited above, III myxomycete taxa have now been recorded from
Ecuador, with 84 of these collected in mainland Ecuador.

Records from the field and from moist chamber cultures mostly
complement each other (Fig. 38). When excluding those species collected only
from decaying wood (known as difficult to obtain in culture, which is why no
effort was made to examine this substratum type with the moist chamber
culture technique in the present study), 15 of 22 (68%) of the more common
species (> 5 records) were observed in the field as well as in moist chamber

cultures. Some members of the Physarales with large plasmodia and which
typically inhabit forest floor litter were found in the field only (Craterium
leucocephalum, 26 records; Didymium nigripes, 15 records and Physarum
melleum, 13 records). Among the more common species, only Perichaena cf.
dictyonema (14 records, all from inflorescences) was observed exclusively in
moist chamber cultures. Moist chambers yielded fewer species (33) than the
field survey (68), but 15 taxa (18% of the total number) were observed
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exclusively in moist chamber cultures. Considering all records (field and moist
chamber cultures), the four most common species - Didymium iridis (111
records), Arcyria cinerea (108), Physarum compressum (84) and D.
squamulosum (80) - account for 41 % of all 936 myxomycete records. On the
other hand, 40 taxa (almost half of the total number) were collected only once
or twice.

The data from field collections (67 taxa from 564 records) can be
described by a log normal distribution (normality test passed with p = 0.088).
The method of Pielou gives 72.7 as the estimate for the species to be expected
and a probability of 0.62 that the distribution follows the log normal model
(Chi square test). This equals a degree of completeness of 92% for this
component of the survey.

Data from moist chamber cultures include records from six different

substratum types. The 76 cultures prepared with the bark of living trees (b)

produced only 8 species, each with a single record, and two plasmodia that did
not develop into fructifications. Due to the extreme rarity of these records, a
meaningful estimation of the completeness of this component of the survey is
impossible. The remaining substrata are various kinds of litter (leafy litter from
the forest floor, aerial leafy litter, foliicolous liverworts on living leaves,
inflorescences of plants belonging to the Zingiberales, aerial woody litter
consisting of dead liana parts) and a small number of miscellaneous litter
substrata. For all 399 cultivated litter substrata, a simple saturation model
results in 34.5 species to be expected (equal to a degree of completeness of at
least 81%). However, this estimate is rather unreliable, since the underlying
species distribution is only poorly described by the log normal model
(normality test failed with p = 0.005). In contrast, most of the subgroups of
these litter substrata, representing a homogenous set of samples, pass the
normality test and give more reliable estimates of the number of species to be
expected, resulting in degrees of completeness at least between 67 and 92%
(Fig. 39, Table 1).

These results obtained for the degree of completeness are confirmed by
the nonparametric jackknife estimator, which produced slightly lower values of
79% for the fieid and 75% for the moist chamber components of the survey.

Discussion
Although numerous local species lists have been published for

myxomycetes (Martin and Alexopoulos, 1969, Schnittler and Mitchell, 2000),
thus far no attempts have been made to estimate the degree of completeness for
this type of local species inventory. The present study was carried out to
answer two questions: (1) is it possible to undertake a rapid biodiversity
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the results of a regression analysis with a saturation function y = a * x /(b + x), with the
respective parameters listed in Table 1.
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Table 1. Analysis of the degree of completeness for surveying myxomycete species associated
with various types of litter substrata by means of the moist chamber cultun: technique.

34.5

0.972

27
364
failed
0.005

All litter
substrata
399

0.972

11.9

Woody
litter (lw)
42

8
67
failed
0.004

0.977

12.0

Inflores

cences (in)
61

11

80

passed
0.460

11.4

0.908

11

134

passed
0.137

0.989

14.6

11

39

passed
0.385

Aerial Liverwort

litter (la) covers (ep)
62 61

14.9

0.970

11

56

passed
0.078

Ground

litter (ll)
127

Substratum group

Number of moist
chamber cultures

Number of species
Number of records

Normality test
p value*

Saturation model

Regression
coefficient

Species to be
expected**

Completeness (%) 74 75 88 92 67 78
Notes: *Results of the Kolmogorov-Smirnov-test for normal distribution of the species over
classes of doublings of the number of individuals. **Results of the analyses of the bootstrap
curves with a saturation model, where one parameter represents the number of species to be

expected for an indefinitely high number of cultures with this substratum type.

assessment for myxomycetes within the context of a single field trip and (2) to
what degree would the results of such an assessment be complete?

The present study, focusing entirely on myxomycetes, was limited to a
rather small area of almost undisturbed rainforest, extending over an elevation

range of 1200 to 2700 m. All microhabitats known as suitable for
myxomycetes were checked with the same degree of sampling intensity (at
least several hours per microhabitat), and every myxomycete fructification
appearing in moist chamber cultures or in the field was recorded. The goal was
to generate a rather unbiased data set of the abundances of all myxomycete
species, thus allowing us to estimate the degree of completeness of the survey.

Moist chamber cultures were found to be an essential technique to survey

the whole myxomycete diversity of tropical forests. The 475 cultures prepared
as one component of the present study added roughly half of all myxomycete
records and increased the number of taxa by 20 per cent. Some substratum
types, such as inflorescences, were more productive in moist chambers than in
the field. The tiny myxomycete fructifications associated with the epiphyll
covers of living leaves were observed only in moist chamber cultures. Many
species, especially most of the common litter-inhabiting species, were found in
both moist chamber cultures and in the field, providing evidence that moist
chamber cultures do reflect the myxomycete assemblage actually occurring in
a region. However, a number of species common on leafy litter never appeared
in moist chamber culture and cultures prepared with litter had a high
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proportion (75 of 201 records or 36%) of plasmodia that could not be induced
to develop fructifications during the four months the cultures were maintained.

Taxonomy
Although Ecuador is one of the better known Neotropical countries with

respect to myxomycetes, and the area we studied was rather limited in extent, a
surprisingly high number of taxa was recorded as new for the country (23 taxa,
and an additional 7 that could not be clearly assigned to a described species).
One reason might be the systematic exploration of all putative microhabitats.
Inflorescences of living plants of the Zingiberales are a microhabitat newly
discovered for myxomycetes (Schnittler and Stephenson, 2001), characterized
by a highly distinctive assemblage of myxomycetes. Two of the more common
species (Perichaena cf. dictyonema and Physarum didermoides) recorded in
the present survey occurred almost exclusively on inflorescences. Foliicolous
liverworts on living leaves are another new microhabitat (Schnittler, 2001).
Although not known to support a specific species assemblage, this microhabitat
yielded the single record of Arcyria a/roalpina, a species that can be expected
on other types of aerial litter as well. The moist chamber culture technique was
another source of new records, with eight new taxa found exclusively in
cultures.

It was surprisingly easy to sort out biotypes (series of specimens with
almost identical morphological characters) among the 936 determinable
records made during this study, but some could not be assigned clearly to a
described species, resulting in seven taxa that may represent new biotypes.
Since all of our data are derived from a single area of limited size, in
accordance with Schnittler and Mitchell (2000), we do not formally describe
these apparently new taxa even if they clearly deviate from all species
described for the respective genus (Lamproderma sp. and Physarum sp.). More
collections from different localities would be necessary to justify this. These
results indicate that many myxomycetes exist as geographically restricted
apomictic clonal lines, as suggested by Clark (2000). If such is indeed the case,
myxomycete taxonomy is greatly complicated. A solution for the future might
be to require a biotype to be known from a larger geographical area before it
can be formally described as a new species. This restriction has been applied
successfully to the apomictic genus Rubus (brambles) in Central Europe, where
a distribution area at least 50 km in diam. is required for the description of a
new biotype at the species level (Weber 1996).

Myxomycete diversity
If a large number of factors act together to determine the abundances of

species in a community, statistical theory predicts that these abundances will
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Table 2. Comparison of myxomycete surveys carried out in various localities in the humid
tropics. The size of the area investigated, the number of persons involved and the time spent
for the survey is given.

This study

Lado and

Teyssiere (1998)
Novozhilov et al.

(2000)
Ogata et al.
(1996)
Maimoni-Rodella

and Gottsberger
( 1980)
Lado et aI.,

unpublished

34

33

>65

40

44

67

142

564

Records Taxa Literature

221

no data

538

951

2 weeks

4 weeks

36 day trips,
9 months

4 I day trips,
I year

4 weeks

3 weeks

1-2

2

2

Pe~ Time
sons
24*

Along trails, 3
14kmx6m

Area

Along trails,
IOkrnx6m
Various
localities
Various
localities

I plot,
500 x 60 m

2 plots,
10 x 10 m

Region

Maquipucuna, Western
Andes, Ecuador

Equatorial Guinea

Luquillo Experimental
Forest, Puerto Rico

Veracruz, Mexico,
forest ravine

Cerrado and forest in

Sao Paulo State,
Brazil

Lowland forest,
Yasuni, eastern
Ecuador

Notes: *Including 4 persons for the first week and 2 persons for the second and third weeks.

be normally distributed (May, 1975). This has been reported for many
communities (Sugihara, 1980), and thus the expectation was for the
myxomycete community of the very diverse but rather homogeneous cloud
forest we studied to comply with a log normal distribution. The analysis carried
out for the field component of the survey confirms this assumption, and
therefore allows us to estimate the degree of completeness (564 records, 67
taxa found, normality test passed with p = 0.088, completeness 92% with the
method of Pie10u [1975]). Ogata et al. (1996) recorded all of the myxomycete
fructifications appearing over a period of nine months in a forest ravine near
Pinoltepec, Veracruz, Mexico. Their data also fit this pattern (951 records, 33
taxa, normality test passed with p = 0.192, completeness 84%). This
comparison indicates that in tropical forests a singular survey can be sufficient
to detect the majority of myxomycete species present in the ecosystem. Also if
compared in terms of species numbers, the field component of the latter survey
achieved the same order of magnitude as recorded for comparable surveys in
the humid tropics (Table 2).

For the moist chamber component, the selection of different substratum
types causes the species distribution to be nonhomogeneous; it did not pass the
test for normality. However, the series of cultures (usually 60) of the same
substratum type should represent homogeneous microcosms, and for the most
part these did indeed pass the normality test (Table 1). To analyse such series
of cultures, Pielou's method of pooled quadrates (Magurran, 1988) can be
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applied to species numbers and extended by a bootstrap procedure to smooth
the resulting species accumulation curve (Schnittler and Stephenson, 2000).
This curve can be further subjected to an regression analysis, with a saturation
model known from enzyme kinetics as the Michaelis-Menten model, to derive
an estimate for the number of species to be expected for an indefinitely large
series of samples (Fig. 39). As a parametric model, this obviously requires a
certain underlying rank-abundance distribution, and results from computer
simulations indicate that the log normal distribution will produce a species
accumulation curve that comes close to that of a saturation model (with a
remaining overestimation in the number of species that decreases with
sampling intensity; these results will be reported in a separate paper). Thus, the
estimated number of species to be expected can be seen as an upper threshold,
and normally distributed rank-abundance patterns can be analysed with this
method. This further requires that all samples are from the same type of
substratum and sample numbers are sufficiently large to see a saturation effect
in the species accumulation curve.

As shown in Fig. 38, field collections and those from moist chamber
collections complement each other, but either of the two approaches produces
all of the taxa recorded during the survey. Each approach has unique
disadvantages not shared with the other. For a field survey, visibility of the
fructifications is a problem (species with minute sporocarps can not be detected
in the field, fructifications of different species persist for different periods of
time - thus leading to biased abundances if very old remnants of long
persisting fructifications are included in the data set, and dull sporocarps are
easier to overlook than white or bright ones). Seasonability of many
myxomycetes poses another problem that can be solved only by repeated
surveys. However, as shown by the comparison with the nine-month-study of
Ogata et al. (1996) this factor is probably not of great importance in the humid
tropics, where there are no pronounced environmental differences throughout
the year. Moist chamber cultures do not have these disadvantages, but they
produce only members of certain ecological groups of myxomycetes (i.e. those
that can be cultured) and only those species capable of development on the
particular substratum type being studied. Interestingly, results for the degree of
completeness for both components of the survey are comparable (field
collections: 92%, those from moist chamber cultures: 67-92%). Since both
methods complement each other, the degree of completeness of the whole
survey is likely to be even higher.

It is conceivable that there are three groups of species that escape
detection in the kind of rapid biodiversity assessment carried out in the present
study. The first group is represented by very rare species not belonging to the
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regular biota of the area under investigation. For organisms such as
myxomycetes that are capable of long-distance dispersal via spores, rare
occurrences of "alien" species can be expected. Since this group is not a
primary target of biodiversity assessments, this problem is of minor
importance. Possible examples encountered in the present survey are several
species (Fuligo septica and Trichia varia) common in temperate zones that
occurred rarely in the highest (and coolest) of the three study sites. A second
group consists of species that do not appear in moist chamber cultures and
show a strict seasonality, occurring only at a certain time in the year. As
already noted, this is rather unlikely for the humid tropics but a real problem
for biodiversity assessments in regions of the world with pronounced seasons,
if only a single survey is carried out. The third group is made up of species
occupying a microhabitat not known to support myxomycetes and thus not
surveyed. For this survey, the corticolous species may represent such a group.
Their extreme rarity (8 taxa in 76 moist chamber cultures each recorded only
once, four of these found on bark only) did not allow us to derive an estimate
for the number of species to be expected, since the resulting species
accumulation curve did not show any signs of saturation. It is possible that the
real microhabitat for corticolous species in cloud forests is bark at the canopy
layer level on the trees (and not at breast height as sampled), where higher
fluctuations in moisture allow the bark to dry out, a precondition for
myxomycetes to disperse spores successfully (Schnittler and Stephenson,
2000).

Since the present study was limited to nearly undisturbed forests, it is
certainly not complete for the western Andes as a whole. Disturbed ecosystems
occurring in the region, such as cattle pastures, plantations or single, free
standing trees in settlements, provide additional microhabitats (e.g., herbivore
dung, solid accumulations of herbaceous litter such as decaying banana plants
or dry, sun-exposed bark covered with lichens) for myxomycetes. An
examination of these microhabitats would undoubtedly yield at least some
species not encountered in the present study. As such, the estimates for
completeness given herein are valid only for forested areas of the region.

In summary, our results demonstrate that an assemblage of myxomycetes
can be surveyed rather completely by a rapid biodiversity procedure, if the
following requirements are met: (1) all putative microhabitats are checked with
at least the same initial level of sampling intensity, (2) field surveys and moist
chamber cultures are carried out to produce comparable numbers of records, to
allow the respective advantages of each approach to outweigh its
disadvantages, (3) every fructification of a myxomycete is recorded, to allow
the completeness of the survey to be estimated, and (4) in regions with
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pronounced seasons, more than one field survey is likely to be necessary to
record species of all phenological groups during their times of maximum
abundance.

For tropical regions, rapid biodiversity assessments may be easier to
carry out than it is the case for temperate regions, since most myxomycete
species can be 'collected the year around. On the other hand, due to the higher
levels of environmental moisture, fructifications will weather faster, hence
reducing the time period during which the characters used for reliable
determination survive. It is the hope of the authors that future studies using the
type of biodiversity assessment as described herein will increase our
knowledge about the patterns of abundance and biodiversity of myxomycetes.
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