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Abstract: The type material of five myxomycete species described as new by KOWALSKI is revised.
Dianema aggregatum and /.). subretisporum from the order Trichiales are recognized as valid species.
Diderma hrooksii and Lepidoderma cruslaceum from the order I'hysarales are recognized as valid
species, whereas /.. aggregatum is considered a synonym of L. chailleiu. Micrographs of the taxo-
nomic characters are provided, including a SEM study of the spore ornamentation.

Zusammenfassung: Das Typusmaterial von fünf von KOWALSKI beschriebene Schleimpilzarten wird
untersucht. Dianema aggregatum und D. subrelisporum der Ordnung Trichiales werden als gültige
Arten anerkannt Diderma brooksu und Lepidoderma cruslaceum der Ordnung I'hysarales werden als
gültige Arten anerkannt, während /.. aggregatum als Synonym von /.. chailletu betrachtet wird. Mi-
krofotografien der taxonorruschen Merkmale werden geboten, ergänzt mit einer REM-Studie der Spo-
renomamentation.

Myxomycetes can develop on different substrates and with different ecological de-
mands. There are foliicolous (on leaves), corticolous (on bark), lignicolous (on woody
residues), fimicolous (on dung), and succulenticolous (on succulent plants) myxomy-
cetes. However, one ecological group stands out that cannot be characterized by a spe-
cial substrate, but by very peculiar requirements necessary for their fructification - the
nivicolous myxomycetes. The essential needs for their development are the presence
of a snow-layer lasting at least three months on the substrates where they fructify, an
alternation of stress factors, such as frost-temperatures, dryness/humidity, a high hu-
midity during the plasmodial stage and relatively low temperatures during spore ger-
mination and/or development of the fructifications. SCHINNER (1982) proved in the
laboratory that Lamproderma carestiae fructified only at the low temperature of 4 °C

MEYLAN (1868-1941) was the first investigator to dedicate himself to the group of
the nivicolous myxomycetes and he gathered abundant specimens in the Swiss Jura.
His work is reflected in numerous publications in which he described 18 nivicolous
species as new between the years 1908 and 1935 together with 14 nivicolous varieties
and many nivicolous forms. However, many investigators did not accept a large num-
ber of his taxa and synonymized them with others that were already known, without
even having studied MEYLAN'S material (KOWALSKI 1975 a). This was probably due
to the short and incomplete descriptions published by MEYLAN for his new taxa, and to
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the absence of understanding and experience of this particular group of myxomycetes
by other investigators.

We can consider KOWALSKI the continuator of MEYLAN'S studies, who gathered
nivicolous myxomycetes in the mountainous regions in the west of the United States,
mainly in the states of California, Oregon and Washington Between the years 1966
and 1975 he described 16 new nivicolous species. These are: Comathcha anastomo-
sans, Diacheopsis effusa, D. serpula, Dianema aggregatum, D. subretisporum, Dider-
ma brooksii, D. nigrum, D. subcaeruleum, Lamproderma acanthosporum, L. dissemi-
natum, L fusiforme, L. maculatum, Lepidoderma aggregatum, L crustaceum, L. di-
dermoides and Trichia synspora (KOWALSKI 1966, 1967, 1968 a, b, c, 1970, 1971,
1972, 1973, 1974, 1975 a, b). Among these, very common species can be found, such
as Lamproderma maculatum and Lepidoderma aggregatum, but also rare ones that
have not been collected again and are thus known only from his type collections, such
as Diderma brooksii and D. nigrum. or even from one single collection, Trichia
synspora In recent studies we have been able to demonstrate that several of these spe-
cies are synonyms of other, more common species. We have proposed the synonymy
of Diderma nigrum KOWALSKI with D. asteroides (LISTER & G. LISTER) G. LISTER
(MORENO & al 2003 a), Diacheopsis spinosifila M. L. FARR & R. L. CRITCHF. with
Lepidoderma didermoides KOWALSKI (MORENO & al. 2003 b), D. subcaeruleum
KOWALSKI was synonymized with D. niveum (ROSTAF.) T MACBR. (SINGER & al.
2004 a) and Trichia synspora KOWALSKI with T. varia (PERS ex J F. GMEL ) PERS.
(SINGER & al. 2003).

Reviewing KOWALSKI'S type material, we apply for the first time the critical point
drying technique and SEM microscopy on this material in order to study the spore or-
namentation. First results of several of his species belonging to the order Stemonitales
have been submitted recently for publication (SINGER & al. 2004 b). The current work
is the continuation of these studies and contributes the review of the species from the
orders Physarales and Trichiales.

Materials and methods
The collected material was studied with a binocular microscope and, after mounting in Hoyer's me-
dium, with a Nikon (Optiphot) microscope. Scanning electron microscopy (SEM) micrographs were
taken in the University of Alcalä de Henares using a Zeiss DSM-950. Spore measurements were made
under the oil immersion objective and include surface structures such as spines or warts.

SEM-preparation: Sporocarps were rehydrated in concentrated ammonium hydroxide (28-30%)
for 30 min. dehydrated in aqueous ethanol (70%) for 30 min. fixed for 2 h in pure ethylene glycol
dimethyl ether (= 1,2-dimethoxymethane) and finally immersed in pure acetone for at least 2 h fol-
lowed by critical point drying and sputtering with gold-palladium

The terminology of the spore-producing stages follows DÖRFELT & MARX (1990) and LADO &
PANDO (1997). The spore wall ornamentation as seen in the SEM is described according to the termi-
nology proposed by RAMMELOO (1975 a, b). The abbreviations for author citations follows KIRK &
ANSELL(1992).

Dianema aggregatum KOWALSKI, Mycologia 59(6) 1081 1968. ["1967"] (Figs 1-6)

Original diagnosis: Sporangiis gregariis, sessilibus, hemisphaericis, subbrunneis. 0,5-
2,0 mm diam. Peridio membranaceo, persistenti. Columella nulla. Capillitio copioso,
filamentis solidatis, subbrunneis, 1-2 urn diam., cum rusiformibus nodulis, affixo
peridio Sporis globosis, subbrunneis, reticulatis, 8-10 urn diam Plasmodio ignoto.
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Figs. 1-6. Dianema aggregalum (holotype). 1. Capillitium (bar: 50 um). 2, 3. Capillitium nodes (bar: 5
\im). 4, 5. Spores (bar: 2 um). 6 Detail of the spore ornamentation (bar: 1 um). Figs 7-11. Dianema
subretisporum (holotype). 7. 8. Capillitium (bar: 50 urn). 9, 10. Spores (bar: 2 urn). 11. Detail of the
spore ornamentation (bar: 1 urn).
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Description:

The type material is deposited in two boxes of the herbarium BPI. with the numbers
BPI 746314 and BPI 826667. In the first one there is a microscope slide and a match-
box with a small portion of fructifications stuck in its base with hardly any substrate
The second box contains a piece of bark with many well-conserved sporocarps. As
both specimens are indicated by the herbarium as type, we consider the more abundant
one (BPI 826667) the holotype. and the other one an isotype. Another isotype with the
number MICH 41826 consists of six woody pieces, mainly bark, with many, very
well-conserved sporocarps

Sporocarps tightly aggregated, sessile Sporotheca globose, subglobose or pulvi-
nate. sometimes laterally compressed. 0.5-2 mm in diam.. amber to light brown, mot-
tled with abundant and tight, small, dark reddish wart-like dots. Hypothallus thick,
colourless, continuous Stalk absent. Peridium single, persistent, membranous, yel-
lowish-straw to light brown by LM; dehiscence irregular. Columella absent. Capilli-
tium brownish by magnifying glass, reddish brown by LM, threads 1-3 urn in diam.,
somewhat flexuous. branched, forming a more or less lax net, with abundant fusiform
to subglobose nodes of very variable size and morphology (Fig. 1); nodes bearing an
irregularly waited surface (Figs. 2, 3), concolorous with the rest of the capillitium to
somewhat darker Spores light brown in mass, pale yellowish to yellowish brown by
LM, 8-10 urn in diam.. globose to subglobose, reticulate. By SEM. a complete reticu-
lum consisting of narrow and irregular meshes observable (Figs. 4-6). The wall of the
reticulum homogenous, except its base sometimes having a few perforations resem-
bling an aqueduct.

Specimens examined: USA: California, Tehama Co., 5 miles west of Child's Meadows, 5100 ft.,
on decaying bark. 30. 4 1966. leg. D. T. KOWALSKI, DTK 2852 (type) distributed in BPI 746314
(isotype), BPI 826667 (holotype). MICH 4827 (isotype).

Notes:

Dianema aggregatum can be recognized easily by plentiful and aggregated, amber to
light brown fructifications, capillitium with abundant enlarged nodes and reticulate
spores with narrow meshes The capillitium nodes of D. aggregatum resembles the
nodes of Lepidoderma granuliferum (W. PHILLIPS) R. E. FR.. but the latter species
clearly differs in its peridium with characteristic calcareous scales and non-reticulate
spores

Two other species of the genus with reticulate spores are known: Dianema depres-
sum (LISTER) LISTER and D. subretisporum. Dianema depressum is a not nivicolous
species which differs by flattened sporocarps with a tendency to form plasmodiocarps,
growth of the sporocarps isolated or in a small group, dark brown peridium which
lacks dots and penicillate capillitium without nodes. Dianema subretisporum is also a
nivicolous species, but it differs by larger spores, with a very irregular reticulum, and
by densely reticulate capillitium lacking nodes

At present Dianema aggregatum is a Califomian endemic (KOWALSKI 1967) as
there are no further citations from other countries or continents. One additional collec-
tion made by KOWALSKI bearing the number DTK 6457 was studied by SEM by
RAMMELOO(1983) .
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Dianema subretisporum KOWALSKI, Mycologia 59(6): 1080 1968 (Figs 7-11)

Original diagnosis: Sporangiis dissipatis. sessilibus, globosis vel hemisphaericis,
brunneis, 1-2 mm diam Peridio membranaceo, evanescentio. Columella nulla.
Capillitio summe copioso, filamentis ramosis et anastomosantibus formandis
reticulum, laevigatis. solidatis, subbrunneis. Sporis globosis, subbrunneis. reticulatis,
sed reticuliis interrumpere ad laevigatae aereae, 12-13 um diam. Plasmodio ignoto.

Description:

The type material kept in a box with the number BPI 826738 consists of one micro-
scope slide and a small decorticated twig with a few sporocarps, only about 19 of
which have retained parts of their peridium and capillitium, and others consist of
hardly more than a basal peridium cup.

Sporocarps scattered to gregarious, sessile. Sporotheca globose, subglobose or
pulvinate, 0.5-2 mm in diam., reddish brown to greyish brown. Hypothallus membra-
nous, colourless, confluent. Stalk absent. Peridium single, evanescent, persistent at the
base, membranous, yellowish-straw by LM; dehiscence irregular. Columella absent.
Capillitium ochraceous brown by magnifying glass, reddish brown by LM; threads 1-3
urn diam , flexuous, branched and anastomosed, forming a dense net (Figs. 7, 8).
Spores greyish brown in mass, pale yellowish to yellowish brown by LM, 12-13 urn in
diam., globose to subglobose. reticulate By SEM a complete reticulum composed by
meshes of very variable diameters observable, the largest meshes reaching up to 3 urn
in diam. (Figs. 9-11).

Specimens examined: USA: California, Tehama Co., Well's Cabin Campground, 6300 ft., on
decaying fir twigs. 18. 6. 1966, leg. D. T. KOWALSKI, DTK. 3607 (type) in BPI 826738 (holotype).

Notes:

Dianema subretisporum is characterized by scattered to gregarious sporocarps, flexu-
ous and branched capillitium forming a dense net without nodes, and spores with
meshes of very different dimensions Dianema aggregatum differs clearly by copious
and aggregated fructifications, capillitium with abundant nodes and smaller spores
being reticulate with narrow meshes.

This species is also cited from Colorado (MlTCHEL & al. 1980), and in Europe
from France (POULAIN & al 2000) The collection of KOWALSKI with the number
DTK 6138 was studied by SEM by RAMMELOO(1983).

Diderma brooksii KOWALSKI, Mycologia 60(3): 595 1968 (Figs 12-16)

Original diagnosis: Sporangiis dissipatis vel gregariis. sessilibus vel breve stipitatis,
globosis. albis vel cremeis, 1.0-1,5 mm diam.; hypothallo generaliter conspicuo, albo,
calcareo, peridio duplici, pariete extremo calcareo, crustaceo. laevigato, denso, pariete
interno ab extremo discreto. membranaceo. tenui; stipite, quandocumque presenti,
extensione hypothalli; columella prominenti, conica, alba; capillitio copioso,
persistenti, retiformo; sporis globosis, brunneis, verrucosis, 10-12 urn diam., plasmo-
dio ignoto.
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Description:

The type material is conserved in three boxes of the herbarium BPI with the numbers
BPI 813547, BPI 813551 and BPI 813552. The box BPI 813547 contains a peace of
twig without bark with abundant well conserved sporocarps. The box 813552 contains
another, smaller box with a peace of twig without bark with abundant well preserved
sporocarps. The box BPI 81351 only contains a microscope slide. All these boxes are
indicated as types by the herbarium, but we consider the specimen BPI 813547 the
holotype as it is abundant and has very well preserved the characters of this species,
and the rest of the specimens isotypes.

Sporocarps rarely scattered to crowded, sessile. Sporotheca globose to obovoid. 1-
2 x 1-1.5 mm in diam., snow white to creamy white. Hypothallus abundant, membra-
nous, rugose, whitish, confluent. Stalk absent. Peridium double; exoperidium calcare-
ous, cartilaginous, thick, smooth, rarely rugose, dehiscence irregularly egg-shell-like,
clearly separated from the endoperidium, endoperidium thin, membranous, whitish
grey by magnifying glass, light yellow by LM; dehiscence irregular. Columella very
prominent, cylindrical, whitish, occupying up to two thirds of the height of the sporo-
theca Capillitium greyish by magnifying glass, by LM dark brown in its ramifications,
lighter in the rest of the capillitium, colourless in the extremities; threads 1-3 urn in
diam., flexuous, branched, anastomosed, forming a dense net with small meshes, axils
triangular up to 10 urn wide; free ends narrower, more or less abundant. Spores in
mass and by LM violaceous brown, 10-12 urn in diam., globose, verrucose By SEM
dense and irregularly distributed baculae of different sizes observable

Specimens examined: USA: California, Butte Co., 4 miles above Sterling City, 4000 ft., on dead
twigs, 27. 5. 1967, leg. D. T. KOWALSKI, DTK 6259 (type) in BPI 813547 (holotype), BPI 813551
(isotype) and BPI 813552 (isotype).

Notes:

Diderma brooksii is a species that can be characterized by globose to obovoid, snow
white to creamy white sporocarps, cartilaginous peridium, a prominent, cylindrical
columella, a densely anastomosed capillitium that resembles a Physarum, and verru-
cose spores, 10-12 urn in diam. This species is very different from other Diderma spp.
due to its physaroid capillitium Macroscopically it resembles Diderma alpinum
(MEYL.) MEYL.. D. meyerae H SINGER. G MORENO, ILLANA & A. SANCHEZ and
D. niveum, that also possess a calcareous, cartilaginous white to whitish peridium. But
these species differ clearly by having smaller, subglobose to globose columellae, by
capillitia not forming a net, and different spore ornamentation (MORENO & al. 2003 c).
With Diderma lyallii (MASSEE) T. MACBR. it shares the form and colour of the spo-
rocarps and a prominent columella. but D. lyallii can be distinguished clearly by
rough, more or less distinctly maculate peridium. the absence of a capillitium net and
larger spores with a more prominent ornamentation.

Diderma brooksii was described from a single abundant collection from California
made by KOWALSKI (1968 b) and subsequently has been gathered also from Colorado
(MlTCHEL&al. 1980).
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Figs. 12-16. PiJerma brook.su (holotype) 12. 13 Capillitium (bar: 50 \im). 14, 15. Spores (bar: 2
16. Detail of the spore ornamentation (bar: 1 \un).

Lepidoderma aggregatum KOWALSKI. Mycologia 63(3) 511 1971.(Figs 17-21)

Original diagnosis: Sporangiis gregariis, sessilibus, hemisphaericus, subglobosis vel
depressis. 1.5-3 mm diam; pendio membranaceo. tenuo, atro-brunneis. squamulis
minutissimis pallido-brunneis numerosis praesentis, hypothallo generaliter conspicuo,
tenuo. perluciduo vel opacuo; columella prominenti, pulvinata, hemisphaerica vel
subglobosa, cremea vel pallido-brunneis; capillitio abundanti, brunneis ad apicem
incoloratis, filamentis angustis, rarisis ramosis; sporis globosis, violaceo-brunneis,
spinulosis. 11-15 urn diam.; plasmodio probabiliter albo.

Description:

The type material is conserved in a box with the number UC 1408496 and consists of
six woody stems stuck to its base, all of which have abundant, well-formed and well-
conserved material.

Sporocarps densely crowded to gregarious, sessile Sporotheca hemispherical to
pulvinate. laterally compressed. 1.5-3 mm in diam.. whitish to creamy white. Hypo-
thallus more or less developed, thin, whitish, confluent. Stalk absent Pendium double;
exopendium formed by a layer of small, densely aggregated calcareous scales, scales
polyhedral to rounded, very variable, 13-30 x 10-45 urn, whitish to creamy white with
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ferruginous zones; irregular dehiscence into large pieces, clearly separated from the
endoperidium; endoperidium thin, membranous, hyaline to iridescent by magnifying
glass, yellowish by LM; dehiscence irregular Columella hemispherical, thick, whitish
to creamy white, up to 1 mm broad and up to two thirds of the height of the sporo-
theca Capillitium by magnifying glass and by LM dark brown, extremities hyaline;
threads 1-1.5 urn in diam., slender, originating from the columella in a more or less
parallel manner and united with the endoperidium. little branched, smooth, rarely with
nodes; free ends usually more or less dichotomouslv branched Spores dark brown in
mass, violaceous brown by LM. 11-14 urn in diam. globose, spiny, with a clearer
area. By SEM large baculae up to 1 urn with more or less coralloid apices observable,
of lax and irregular distribution.

Specimens examined: 1;SA: Washington, Whatcom Co., Sixteen miles east of Glacier, 4000 ft.,
on branches of shrubs. 16. 6. 1968. leg. D. T. KOWALSKI, DTK 8870 (type) in UC 14084% (holo-
type).

Notes:

Lepidoderma aggregatum is characterized, according to KOWALSKI (1971) by "large,
usually densely clustered sporangia. 1.5-3 mm in diam . which are always sessile and
usually seated on a broad base, the dark brown, single peridium, and the spores with
widely scattered spinules."

Lepidoderma aggregatum hardly differs from L. chailletii ROSTAF. and L. dider-
moides KOWALSKI. Lepidoderma chailletii can be distinguished from L. aggregatum,
according to the literature, only by calcareous scales that are separated and do not form
a closed layer, and by smaller fructifications, 0 5-1 mm in diam. Unfortunately, after
an extensive search and consultation in various herbaria, we have been unable to locate
the type indicated by ROSTAFINSKI(1874) We thus follow the interpretation of LISTER
(1925) for this species, who studied the type material and. apart from a complete
description from the species, gives us a small description of the type, which shows:
"clustered sessile sporangia, hemispherical on broad brown bases, with columella
ridge-like or hardly developed." Based on LISTER'S description (LISTER 1925) and due
to the minimal differences between L. aggregatum and L. chailletii, we consider them
synonyms. This hypothesis can only be resolved definitely either by examination of
RoSTAFINSKls type or the creation of a possible neotype

Lepidoderma didermoides differs from L. aggregatum by more dispersed growth
habit, the very separated calcareous scales on the peridium. capillitium bearing nodes
and larger spores 14-17 urn in diam. However, these characters are not stable, as the
growth habit is a very variable character, as is the character of calcareous pendial
scales which may be due to irregular development On the other hand, the presence of
larger spores is not unusual among nivicolous myxomycetes. that frequently present
macrosponc forms, and the capillitium nodes may be more or less developed. We also
bear in mind that Lepidoderma didermoides is known only from the original collec-
tions made by KOWALSKI in California. Subsequently, there are scarce and very doubt-
ful records from Germany and Japan (MORENO & al. 2003 b). Thus, we consider Lepi-
doderma didermoides an aberrant or incomplete fructification and a synonym of L.
chailletii.
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Figs. 17-21. Lepidoderma aggregaium (hoiotype). 17, 18 Capillitium (bar: 50 urn). 19, 20. Spores
(bar: 2 \un). 21. Detail of the spore ornamentation (bar: 1 um). Figs. 22-27. Lepidoderma crusiaceum
(hoiotype). 22. Pendium with calcareous scales (bar: 50 |im). 23, 24. Capillitium (bar: 50 |im). 25, 26.
Spores (bar: 2 urn). 27. Detail of the spore ornamentation (bar: 1 jim).
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Aberrant fructification and malformation of the calcareous scales gave rise to the
description of Diacheopsis spinosifila M L FARR & R. L CRITCHF as a new species.
Recent morphological studies of the capillitium and spore ornamentation have demon-
strated the conspecificity with Lepidoderma didermoides (MORENO & al. 2003 b) and
therefore now with L. chailletii.

Lepidoderma aggregatum from the Kola Peninsula (Russia) has been studied re-
cently by SEM by NOVOZHILOV & al. (1997). Surprisingly their description agrees
with that given by KOWALSKI, where the photos show spores with prominent baculae
up to 1 um of length and a capillitium with nodes identical with the type of I . dider-
moides, also supporting the synonymy of Lepidoderma aggregatum and L. chailletii.

Another nivicolous species of Lepidoderma that forms sporocarps is Lepidoderma
crustaceum. The differences between these two species are described below.

Lepidoderma aggregatum is a very common species that is known from USA from
California (CRITCHF1ELD & DEMAREE 1991) and Washington (KOWALSKI 1971), and
in Europe from Austria (NEUBERT & al. 1995), Scotland (ING 1997, 1999), France
(LADO 1994), England (ING 1999) and Russia (NOVOZHILOV & al. 1997).
We propose the following taxonomic treatment:

Lepidoderma chailletii ROSTAF., Sluzowce Monogr : 189 1874
= Lepidoderma didermoides KOWALSKI, Mycologia 63(3): 503 1971.
= Lepidoderma aggregatum KOWALSKI, Mycologia 63(3): 511. 1971.
= Diacheopsis spinosifila M L FARR & R L. CRITCHF. in FARR, Int. J Mycol. Liche-
nol. 3(2-3): 206 1988

Lepidoderma crustaceum KOWALSKI, Mycologia 59(1) 167 1967 (Figs. 22-27)

Original diagnosis: Sporangiis globosis, aggregatis, sessilibus vel stipitatis, pallido-
brunneis, 1-1,5 mm diam., peridio duplici, parietibus internis membranaceis, parietibus
extemis crustaceis. squamulis minutissimis numerosis compositis; columellis nullis;
pseudocolumellis saepe praesentibus; capillitiis sparsis, filamentosis 2-3 urn diam.,
basibus atris ad peridiis pallidioribus; sporis globosis, atris, verrucosis, 11-13 u.m
diam.; plasmodio ignoto.

Description:

The material studied consists of two microscope slides (BPl 817971 and BPl 817974)
and another specimen with abundant sporocarps (MICH 4823). KOWALSKI (1967)
does not indicate in the original diagnosis the date of its collection. On the box bearing
the number BPl 817974 the date 9th April 1966 is indicated. On box numbered BPl
817971 there is no collection date The box from the herbarium of Michigan with the
number MICH 4823 contains another smaller box, that inside bears the date 6th April
1966. According to KOWALSKI (1971) the correct date of recollection is 8th April 1966.
We consider the material MICH 4823, which is an important collection with abundant
sporocarps, the holotype, as it is indicated on the small box containing the sporocarps,
and not an isotype, as indicated on the exterior box. Thus, we consider the two micro-
scope slides conserved in BPl and indicated as types by the herbarium to be isotypes.
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Figs. 28-37. Type material studied. 28, 29. Dianema aggregatum. Box of isotype BPI 746314 and iso-
type collection MICH 4827. 30, 31. Dianema subretisporum Box of holotype BPl 826738 and holo-
type collection. 32, 33. Diderma brooksn. Box of isotype BPl 813552 and isotype collection BPl
813552. 34, 35. Lepidoderma aggregatum. Box of holotype UC 1408496 and holotype collection. 36,
37. Lepidoderma cruslaceum. Box of holotype MICH 4823 and holotype collection.
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Sporocarps gregarious to crowded, sessile or shortly stalked. Sporotheca obovoid
to subglobose, 1-1.5 mm in diam., cream ivory to straw white. Hypothallus coriaceous,
creamy white, confluent, forming a more or less distinct net Stalk absent, or if present
presenting a continuation of the hypothallus. Peridium double; exopendium formed by
a layer of small, thick, densely aggregated calcareous scales; scales subglobose to
elongate, of variable size. 10-45 x 10-30 urn. whitish, clearly separated from the endo-
pendium; endoperidium thin, membranous, hyaline and iridescent by magnifying
glass, yellowish by LM; dehiscence irregular. Columella absent. Capillitium scarce, by
magnifying glass and LM dark brown, extremities hyaline; threads 1-3 urn diam..
flexuous. little branched, generally smooth, covered with scattered warts and more
rarely fusiform to vesicular expansions. Spores in mass dark brown, violaceous brown
by LM. 12-14(-15) urn in diam.. globose, verrucose. with a clearer zone. By SEM
dense and irregularly distributed baculae less than 1 urn in height observable.

Specimens examined: USA: California, Butte Co., 4 miles east of Stirling City, on dead twigs, 6.
6. 1966. leg. D. T KOWALSKI, DTK 2643 (type) in MICH 4823 (holotype), BPI 817971 (isotype) and
BPI 817974 (isotype).

Notes:

Lepidoderma crustaceum is characterized by sporocarpous, cream ivory to straw
white, didermoid fructifications, with distinct small and very aggregated calcareous
scales, the absence of a columella. scarce, dark brown, sinuous capillitium and spores
12-14( 15) urn diam , with baculae by SEM. Lepidoderma chaillelii is a closely related
species that differs from L. crustaceum by the presence of aggregated, hemispherical
to pulvinate sporocarps. always sessile, the presence of a columella, slender capillitium
and spiny spores that show large baculae with more or less coralloid apices by SEM.

Other species, such as Lepidoderma carestianum (RABENH) ROSTAF. and /.. gra-
nuliferum have clearly plasmodiocarpous fructifications We have been able to prove
this in the type material of L. carestianum from the herbaria B. BPI. BR and WRSL.
According to KOWALSKI (1971) both /,. crustaceum and L. granuliferum have a double
peridium that is completely lacking of lime and is covered by a layer formed of cal-
careous scales We have been able to observe a double peridium composed of a mem-
branous endoperidium and an exopendium formed by the calcareous scales We agree
with the results of SCHNITTLER & NOVOZHILOV (1999) who studied collections of this
species from the Isle of Crete and proved by SEM that the peridium is double. How-
ever. POULAIN & al. (2002) consider Lepidoderma crustaceum a species with a triple
peridium. as indicated by KOWALSKI (1971). and L. granuliferum with a double
peridium. The character of the presence of three layers in the peridium is very subjec-
tive and its differentiation is not easy and may lead to confusion. As we have already
mentioned, we can distinguish only two clearly differentiated layers. We prefer to use
easier observable characters that are not so subjective, as for example the morphology
of the capillitium and the spores, supported by the spore ornamentation by SEM

We observed in Lepidoderma crustaceum larger spore diameters, 12-14(-15) urn,
than indicated in the original diagnosis by KOWALSKI (11-I3 um). SCHNITTL.ER &
NOVOZHILOV (1999) also observed larger spores, 13-14(-14 5) urn in the material
from Crete.

In conclusion we think that Lepidoderma crustaceum can be considered to repre-
sent a different species.
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There are records of Lepidoderma crustaceum in USA from California and Wash-
ington ( K O W A L S K I 1967, 1971) and in Europe from Greece ( S C H N I T T L E R &
NOVOZHlLOV 1999), Italy (LADO 1994, BERSAN 1995) and Switzerland (KOWALSKI
1971).
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