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Twenty-eight species in the family Lycoperdaceae, commonly called ‘puffballs’, are reported from Arizona, USA. In 
addition to widely distributed species, understudied species (e.g., Calvatia cf. leiospora and Holocotylon 
brandegeeanum) are treated. Taxonomic descriptions and illustrations, which include microscopic characters, are given 
for each species, and a dichotomous key is presented to facilitate identification. Basidiospore morphology was also 
examined ultrastructurally using scanning electron microscopy, and phylogenetic analyses were carried out on nrRNA 
gene sequences (ITS1, ITS2, and 5.8S) from 42 species within (or closely allied to) the Lycoperdaceae. 
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Introduction 
 

Lycoperdaceae Chevall. has traditionally 
been placed within the Gasteromycetes; a class 
that workers have long suggested did not 
represent a natural assemblage of fungi (Heim, 
1971). By the early twentieth century, 
systematic mycologists began to produce 
alternative taxonomies, based in evolutionary 
theory, which included members of the 
Gasteromycetes among basidiomycetous agari-
coid (mushroom-like) fungi. For example, the 
classification of Heim and colleagues (1934) 
did not recognize the Gasteromycetes, but 
rather placed both the Gastérales, which 
included Lycoperdaceae, and the Agaricales, 
which exclusively contained agaricoid species, 
in the Homobasidiés (Basidiomycetes). 
Throughout the middle of that century, several 
evolutionary ‘series’ were proposed that linked 
taxa within the Gasteromycetes, secotioid 
species (mushroom-like fungi having an 
unexpanded pileus that encloses malformed 
lamellae), and agaricoid members of the 

Agaricales, Boletales, and Russulales. 
Accordingly, a vigorous debate concerning the 
path of evolution within these series ensued 
(e.g., see Singer, 1962; Heim, 1971; Thiers, 
1984).  

With the close of the twentieth century, 
molecular phylogenetic analyses using 
sequence data from the nuclear genes encoding 
ribosomal RNA presented convincing evidence 
that not only were the Gasteromycetes a 
polyphyletic grouping, but that gasteroid forms 
had multiple independent origins from within 
the Agaricomycotina (Hibbett et al., 1997). 
Taxa that were formerly placed within the 
Gasteromycetes are now typically referred to as 
‘gasteroid’ fungi (e.g., Pegler et al., 1995; 
Binder and Bresinsky, 2002) or ‘gastero-
mycetes’ (e.g., Reijnders, 2000). Molecular 
phylogenetic analyses continue to support the 
position that Lycoperdaceae is a gasteroid 
lineage which has arisen from within the 
lepiotoid mushrooms of the Agaricales (Hibbett 
et al., 1997; Krüger et al., 2001; Moncalvo et 
al., 2002; Vellinga, 2004). It is also interesting 
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to note that as early as the mid-1960s Kreisel 
(1967a) suggested this relationship and pointed 
out similarities between Lepiota lycoperdoides 
Kreisel [=Cystolepiota fumosifolia (Murrill) 
Vellinga] and Lycoperdon species. Recent 
studies (Krüger et al., 2001; Krüger and Gargas, 
2008; Krüger and Kreisel, 2003; Larsson and 
Jeppson, 2008) based on nrDNA sequence data 
indicate that the type genus Lycoperdon is 
polyphyletic and question the stability of 
boundaries between the genera Bovista Pers., 
Calvatia Fr., Handkea Kreisel, Lycoperdon 
Pers., Morganella Zeller, and Vascellum F. 
Šmarda.  

Prior to the twenty-first century, mention 
of puffballs from the state of Arizona in 
mycological literature is limited. Most 
significant is Demoulin’s doctoral thesis (1972), 
which includes records of four Lycoperdon 
species occurring in the state. Other publica-
tions (Morgan, 1890; Smith, 1974; Demoulin, 
1993) include only single records. In addition 
to these publications, numerous specimens of 
Arizona puffballs have been collected and 
deposited in herbaria by the few field 
mycologists who have worked in the state, 
namely W.H. Long, R.L. Gilbertson, and J.S. 
States. To supplement that material, specimens 
have also been collected by one author (STB) 
over the course of four seasons in the field. Of 
the 28 species presented here, 22 were 
considered to be new records for the state 
(Bates, 2004) and were subsequently published 
as such in a checklist of Arizona macrofungi 
(Bates, 2006). In that publication, Calvatia 
bicolor (Lév.) Kreisel was reported for the first 
time from North America and Disciseda 
verrucosa G. Cunn. was reported for the first 
time from the United States. In addition to 
those records, this publication also documents 
rare and/or understudied species, such as 
Calvatia cf. leiospora Morgan and Holocotylon 
brandegeeanum Lloyd. 

Arizona possesses a wide range of habitat. 
Brown (1994) outlined 27 major biotic 
communities (biomes) that occur in the 
Southwestern United States and Northwestern 
Mexico. Of these, 14 biomes with 2 
subdivisions of Sonoran desertscrub are found 

in Arizona. These biomes include xeric alpine 
tundra at extremely high elevations (above 
3500 m); mesic subalpine and montane conifer 
forests at high elevations (ca. 2000–3500 m); 
arid adapted chaparral in the mid elevations (ca. 
1050–2000 m); and xeric desertscrub in the 
lower elevations (below 1050 m). It is also 
notable that boundaries of four major desert 
ecoregions (Chihuahuan, Great Basin, Mojave, 
and Sonoran) come in contact with some 
portion of the state.  

Members of the Lycoperdaceae have a 
widespread distribution and are commonly 
found in temperate, arid, and tropical climates 
(Pegler et al., 1995). A large part of southern 
Arizona is occupied by the Sonoran Desert 
which is arid with considerable tropical 
influences, and the mid-elevations of the state 
are covered by large tracts of temperate forest 
(Brown, 1994). Considering these factors, it is 
not surprising that a biologically diverse and 
species rich assortment of these gasteroid fungi 
are present within the state. 

This monograph documents 28 species of 
puffballs from nine of the biotic communities 
present in Arizona. Each of these gasteroid 
species in the Lycoperdaceae is described as 
well as illustrated, and SEM micrographs 
typifying spore morphology are presented. 
Ribosomal RNA gene sequences were also 
obtained from several of the specimens 
examined as part of this study. These data were 
supplemented with rDNA sequences obtained 
from GenBank, and were used in subsequent 
phylogenetic analyses. In addition to this 
publication, the reader may refer to Bates (2004) 
for further discussion of morphology and 
taxonomy of the Lycoperdaceae.  
 
Materials and methods 
 
Monography 

Macro-morphological data are based on 
original descriptions of herbarium material or 
collections made in the field. Micro-
morphological data were gathered using an 
Olympus BH2 conventional bright field 
microscope. Illustrations of spores, capillitial 
threads, endoperidial hyphae, and exoperidial 
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cells were drawn using an Olympus U-DA 
drawing attachment. For microscopic examina-
tion, all material was first infiltrated with 95% 
aqueous ethanol before being mounted on glass 
slides. Observations of characters, such as 
spore ornamentation and capillitial structure, 
were made from glebal material mounted 
separately in H2O (with a small amount of 
detergent added as a surfactant), 3% aqueous 
KOH, and/or Lactophenol Cotton Blue. In 
addition, a small portion of the exoperidium 
was mounted in Melzer’s reagent to observe 
structure of exoperidial hyphae and/or 
sphaerocysts. Measurements were made from 
material mounted in KOH at 1000× using an 
ocular reticle with units calibrated to an optical 
micrometer. All spore measurements include 
ornamentation, and spore statistics include: X̄, 
the arithmetic mean of the spore length by 
spore width (± SD) for n spores measured; Q, 
the quotient of spore length and spore width in 
any one spore, indicated as the range of 
variation in n spores measured; Qm the mean of 
Q values. 

Standard classical taxonomic and 
descriptive methodologies for gasteroid fungi 
were used (see Calonge, 1998; Cunningham, 
1944; Demoulin, 1972; Moyersoen and 
Demoulin, 1996; Pegler et al., 1995). The 
classification of biotic communities cited 
followed the system outlined by Brown (1994). 
Color descriptions adhered to the nomenclature 
and codification system of Kornerup and 
Wanscher (1967). Additional color names, 
indicated by quotations, followed the 
nomenclature given by Ridgway (1912). Taxa 
were arranged alphabetically and taxonomy, for 
the most part, followed that outlined in Kirk 
and colleagues (2001) and CABI Index 
Fungorum (http://www.indexfungorum.org). 
Abbreviations for the authors of fungal names 
are consistent with Kirk and Ansell (1992) and 
subsequent additions found in the CABI Index 
of Fungi Supplement: Authors of Fungal Names, 
which is available online (http://www.in 
dexfungorum.org/AuthorsOfFungalNames.htm).

Herbarium acronyms followed the Index 
Herbariorum (Holmgren and Holmgren, 1998). 
 
Basidiospore ultrastructure 

Observations of spore ultrastructure were 
made on a XL30 (FEI, Hillsboro, OR, USA) 
environmental scanning electron microscope 
(ESEM) operated under high vacuum in 
scanning mode, at an accelerating voltage of 3–
5 kV. Spores were fixed in 2% aqueous 
glutaraldehyde after re-hydration from 24–48 
hours in deionized H2O. After fixation, spores 
were washed in a phosphate buffer solution and 
then subjected to a dehydration series from 
70% to 100% ethanol. After dehydration, 
spores were critical-point-dried using a CPD 
020 (Balzer Union, Liechtenstein). Once 
removed from the critical-point-dryer, the 
spores were affixed to carbon coated aluminum 
specimen holders with poly-l-lysine and sputter 
coated with palladium-gold for 5 min at 10 
milliamps in a Technics Hummer II (Anatech 
LTD., Hayward, CA, USA). 
 
DNA extraction 

A small portion (15–20 mg) of glebal 
material was removed from the interior parts of 
dried specimens, placed in 2.0 ml micro-
centrifuge tube, and ground using a small 
sterile plastic pestle. Genomic DNA was then 
extracted using the protocol of a commercial kit 
(Qiagen DNeasy Plant Mini Kit, Germantown, 
MD, USA). The extracted DNAs were eluted 
from the mini spin column in 100 μl of ‘AE’ 
buffer heated to 65oC. To precipitate the DNA, 
1/10 volumes of 3M sodium acetate were added 
in order to adjust the concentration of 
monovalent cations. The extracted DNA was 
then precipitated in 100% ethanol and 
recovered by centrifugation. After being rinsed 
in 70% ethanol, the solution was again 
centrifuged, the supernatant removed, and the 
resultant pellet was allowed to air dry for 2–3 
hours. The DNA pellet was then re-suspended 
in 25 μl of TE Buffer. 
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PCR amplification of fungal nrRNA genes 
Internal transcribed spacers (ITS1 and 

ITS2) and 5.8S region of the nuclear ribosomal 
RNA gene were targeted for PCR amplification 
using the primers ITS4 and ITS5 of White and 
colleagues (1990). Each reaction (25 μl) 
contained: 10–13 μl sterile Milli-Q H2O, 2.5 μl 
50% glycerol, 2.5 μl 10X Taq I buffer, 2 μl 
dNTPs (10 mM), 1.25 μl of each primer (10 
μM), 0.75 μl MgCl2 (50 mM), 0.1 μl Invitrogen 
Platinum Taq enzyme (2–5 units/μl), and 2–4 μl 
DNA template. The PCR reactions were then 
carried out in a DYAD Peltier Thermal Cycler 
(Bio-Rad Laboratories, Hercules, CA, USA) 
using the following cycling parameters: initial 
denaturing at 92oC for 2 min., 35 cycles at 92oC 
for 45 s, 55oC for 30 s, and then 72oC for 1 min., 
with a final extension at 72oC for 7 min. PCR 
products were checked for quality on 1% 
agarose gels and the final concentration was 
measured on a NanoDrop ND-1000 Spec-
trophotometer (Thermo Fisher Scientific, 
Wilmington, DE, USA). Automated sequencing 
was carried out at the ASU School of Life 
Sciences DNA Laboratory using both the 
forward and reverse primers in separate 
reactions. 
 
Phylogenetic analyses 

Complementary rDNA sequences were 
compiled and manually edited on Sequencher 
4.1 software (Gene Codes Corp., Ann Arbor, 
MI, USA). A total of 21 consensus nrRNA 
gene sequences were then submitted to 
GenBank (see Fig. 1 for accession numbers). 
Additional sequences from closely related 
species within the Lycoperdaceae were culled 
from GenBank (www.ncbi.nlm.nih.gov) after a 
BLASTn search (http://blast.ncbi.nlm.nih.gov/). 
Their accession numbers are also cited in Fig. 1. 
Sequences were aligned using the CLUSTAL 
W module in the MEGA 4 software package 
(Tamura et al., 2007) and were then manually 
corrected. The subsequent alignment was 
submitted to TreeBASE (#S2247, http://www. 
treebase.org/). Phylogenetic trees were 
constructed with the neighbor-joining (NJ) and 

maximum parsimony (MP) algorithms, in each 
case with a bootstrap analysis of 1000 replicate 
datasets in order to assess clade stability. 

Ribosomal RNA gene sequence data 
(ITS1, ITS2, and 5.8S) from 41 taxa within the 
Lycoperdaceae were included in phylogenetic 
analyses, as was Mycenastrum corium (Guers.) 
Desv. in order to evaluate its position relative to 
the clade corresponding to the family. In 
addition, 8 taxa from the Agaricales were 
included to assist in assessing the placement of 
all the gasteroid taxa represented in this study. 
Limacella glioderma (Fr.) Maire [= Limacella 
delicata var. glioderma (Fr.) Gminder, 
Amanitaceae, Agaricales] was selected as the 
out-group to root the phylogenetic trees as 
Limacella Earle is not contained within the 
Lycoperdaceae or the closely allied Agarica-
ceae Chevall. (Moncalvo et al., 2000).  
 
Results and Discussion 
 
Molecular pylogeny of the Lycoperdaceae 

Consensus trees, NJ (not shown) and MP 
(Fig. 1), did not strongly support monophyly 
for any genus within the Lycoperdaceae, 
although clades corresponding to Bovista (with 
the inclusion of Arachnion album Schwein. in 
the NJ analysis), Calvatia [including a well 
supported clade corresponding to the genus 
Langermannia Rostk.: C. bicolor (Lév.) Kreisel, 
C. gigantea (Batsch) Lloyd, and C. pachyderma 
(Peck) Morgan], and Vascellum were recovered. 
The inclusion of Arachnion album, Disciseda 
candida (Schwein.) Lloyd, Holocotylon 
brandegeeanum, and Mycenastrum corium 
within Lycoperdaceae was well supported by 
our analyses (98–100% bootstrap values). Thus, 
the family could be circumscribed as a 
monophyletic group united by the gasteroid 
habit. It should be noted, however, that the 
basal member, M. corium, exhibits several 
morphological characters (e.g., spore 
ultrastructure; see Bronchart and Demoulin, 
1973) that are markedly different from the 
remaining members of the Lycoperdaceae clade 
and is typically included in a separate
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Fig. 1. Strict consensus maximum-parsimony tree based on the analysis of nrRNA gene sequences (ITS1, ITS2, and 
5.8S) of gasteroid species within (or allied to) the Lycoperdaceae and other agaricoid fungi. GenBank accession 
numbers are given in parentheses. Sequences produced as a part of this study are indicated by a single asterisk (*) and 
those originating from Arizona specimens are in bold. Bootstrap values are expressed as percentages of 1000 
replications, and clades supported by bootstrap values of 60% or more are indicated. 
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monotypic family, Mycenastraceae Zeller. The 
distinction between Lycoperdaceae and 
Mycenastraceae may, however, be a mute point 
as contemporary workers tend to recognize 
only a monophyletic Agaricaceae that includes 
the above mentioned gasteroid taxa (Metheny 
et al., 2006). 

A core Lycoperdon clade that included  
L. cf. decipiens Durieu & Mont., L. cf. 
dermoxanthum Vittad., L. echinatum Pers.: 
Pers., L. lambinonii Demoulin, L. mammiforme 
Pers.: Pers., L. molle Pers.: Pers., L. niveum 
Kreisel, L. pulcherrimum Berk. & M.A. Curtis, 
and L. rimulatum Peck ex Trel. was recovered 
in both analyses; however, Handkea 
excipuliformis (Scop.: Pers.) Kreisel and H. 
fumosa (Zeller) Kreisel also clustered with 
these species. Apart from this clade was 
another that contained L. perlatum Pers.: Pers. 
and L. marginatum Vittad. as well as species in 
the genera Morganella and Vascellum. 
Handkea (see Kreisel, 1998) was clearly a 
polyphyletic entity not closely related to 
Calvatia; its members being allied rather to 
Lycoperdon species.  

The placement of L. pyriforme Schaeff.: 
Pers. was not clearly resolved in our study; 
however, the MP (Fig. 1) and NJ (not shown) 
consensus trees did suggested a more basal 
position for this species within the 
Lycoperdaceae clade. Lycoperdon pyriforme 
did not cluster with Morganella species in our 
analyses, nor did it in the studies of Krüger and 
Gargas (2008) or Larsson and Jeppson (2008). 
We, therefore, do not currently follow Krüger 
and Kreisel (2003) in placing this species in 
Morganella; however, the shared lignicolous 
habit is a compelling argument supporting their 
inclusion in the genus as Morganella pyriformis. 
Sequence data from a broader sampling of 
Morganella species, more prevalent in tropical 
and subtropical parts of the world, may help in 
clarifying this issue. 

The taxonomic implications suggested for 
Lycoperdon by our study, and those of others as 
well (Krüger et al., 2001; Krüger and Gargas, 
2008), are particularly significant as L. 
perlatum, the type species of the genus, appears 
to fall outside of the core clade of Lycoperdon 

species. Our results were also similar to those 
of Larsson and Jeppson (2008), which included 
a much larger sampling of Lycoperdaceae 
species from northern Europe and included 
sequence data for both ITS and LSU rDNA. In 
order to accommodate a monophyletic Lycoper-
don, those authors applied a very broad concept 
of the genus and recognized clades more or less 
corresponding to traditional segregate genera 
(i.e., Vascellum and Morganella) as subgenera. 
Many of the clades recovered in that study, 
however, were not well supported, which 
ultimately led the authors to conclude that 
structure within the Lycoperdaceae is still 
unresolved. Although convincing arguments for 
new taxonomies based on molecular phylo-
genetic analyses can be made, taxonomic 
revisions should not be formally considered 
until the Lycoperdaceae clade is more fully 
resolved. This may ultimately depend on 
multiple gene phylogenies as well as other lines 
of evidence (e.g., morphological and 
ultrastructural data). Until relationships within 
the Lycoperdaceae clade are more certain, we 
chose to follow a more traditional approach to 
the group; recognizing genera such as Bovista, 
Calvatia, Lycoperdon, and Vascellum in the 
classical sense. 

In this study we also examined the 
phylogenetic position of two small superficially 
similar puffballs, Bovista aestivalis (Bonord.) 
Demoulin and B. dermoxantha (Vittad.) De 
Toni. Sequences originating from Arizona 
specimens of Bovista aestivalis, including one 
specimen that had been incorrectly identified as 
B. dermoxantha and exhibited intermediate 
type eucapillitial threads upon re-examination 
(FJ438477; collection #STB00124; Bates, 
2004), closely matched (99% identity in a 
BLASTn search) that of a European specimen 
of the same species (DQ112620; see Larsson 
and Jeppson, 2008). These species subsequently 
clustered together in the consensus trees (see 
Fig. 1) along with B. polymorpha (Vittad.) 
Kreisel, often cited as a synonym for B. 
aestivalis.  

Sequence from an Arizona specimen 
previously included under B. dermoxantha 
(FJ438478; collection #STB00624; Bates 2004), 
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on the other hand, did not closely match (97% 
identity) its European counterpart (DQ112579; 
see Larsson and Jeppson, 2008). Sequence from 
the Arizona material more closely matched 
(98% identity) several Lycoperdon species, 
which were also included in our phylogenetic 
analyses. The consensus trees (see Fig. 1) 
suggested the Arizona material is allied closely 
with L. niveum (DQ112599, collected from the 
type locality); however, that specimen is 
apparently not closely related to those from 
Iceland and Norway identified under the 
current European concept for the species (see 
Larsson and Jeppson, 2008), a result confirmed 
in our analyses. Furthermore, we found the 
European B. dermoxantha (DQ112579, 
collected in Sweden) to be closely allied with 
Holocotylon brandegeeanum (sharing 97% 
identity in a BLASTn search). Considering the 
results of our study and those of Larsson and 
Jeppson (2008), it is clear, however, that the 
specimens from Sweden and Arizona originally 
cited as B. dermoxantha are more closely allied 
with Lycoperdon species than those of Bovista. 
Therefore, we retain our material under this 
eptithet, as Lycoperdon cf. dermoxanthum, until 
the uncertainty surrounding the above 
mentioned taxa can be more fully resolved.  
 
Capillitial threads and capillitium types 

Most species in the Lycoperdaceae 
develop specialized hyphae, called capillitial 
threads, internally along with spores as the 
puffball matures. En masse, interwoven 
capillitial threads form a structure called the 
capillitium. The interior portion of a puffball 
that includes the capillitium and spores together 
is called the gleba.  

There are two general types of capillitial 
threads found in the gleba of Lycoperdaceae 
species. The first type, termed eucapillitial 
threads (Fig. 2a), consist of sterile, persistent, 
thick-walled hyphal units, which are normally 
pigmented and only occasionally septate. The 
second type, paracapillitial threads (Fig. 2b), 
consists of sterile, flaccid, thin-walled hyphal 
units, that are not pigmented and are frequently 

septate. The walls of paracapillitial and 
eucapillitial threads are often, but not always, 
perforated with small- to large-sized pores. The 
two types can be distinguished easily when a 
small portion of the gleba is mounted on a slide 
in Lactophenol Cotton Blue. At first 
paracapillitial threads will stain blue (Fig. 2b) 
and pigmented eucapillitial threads will remain 
more-or-less unchanged. However, upon 
boiling the mountant for a few seconds, 
paracapillitial threads become clear and 
eucapillitial threads take on a deep blue 
(cyanophilous) staining reaction (Kreisel and 
Dring, 1967).  

In addition to these generalized 
distinctions, several capillitium types have also 
been established. Kreisel (1967b) recognized 
three types: the ‘Bovista’ type, the 
‘Lycoperdon’ type, and the ‘intermediate’ type 
(used in this study) or ‘transitional’ type (see 
Krüger et al., 2001). The Bovista type (Fig. 2d) 
has elastic, aseptate eucapillitial threads that 
lack pores and have centralized main stems 
with numerous ramified branching appendages. 
This type is found in Bovista as well as species 
in Calbovista Morse ex M.T. Seidl and 
Bovistella Morgan. The Lycoperdon type (Fig. 
2f) is composed of long, elastic eucapillitial 
threads with occasional dichotomous or 
irregular branches. In addtion, the capillitial 
threads in this type normally have pores, but 
lack centralized main stems. The Lycoperdon 
type capillitium is found in all Lycoperdon 
species as well as some species in Bovista and 
Vascellum. The intermediate type capillitium 
(Fig. 2e), as the name implies, is a transitional 
form between the Bovista and Lycoperdon 
types. It contains capillitial threads, often pored, 
with several thick main stems that are 
connected by numerous branches. This type is 
mainly found in Bovista species, B. aestivalis 
for example, that do not exhibit the Bovista 
type capillitium.  

Two additional capillitium types (used 
here) were later established by Krüger and 
colleagues (2001): the ‘Mycenastrum’ type and 
the ‘Calvatia’ type. The Mycenastrum type
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Fig. 2. Capillitial threads (hyphal units) and capillitium types: a) thick-walled, pigmented eucapillitial threads; b) thin-
walled, hyaline paracapillitial threads, mounted in Lactophenol Cotton Blue (prior to boiling); c) Calvatia type 
capillitium – fragile eucapillitial threads, disarticulating at the septa; d) Bovista type capillitium – elastic, aseptate 
eucapillitial threads with thick main stems and numerous branching appendages; e) intermediate type capillitium – 
elastic to subelastic, aseptate eucapillitial threads with thickened main stems and repeated dichotomous branching; f) 
Lycoperdon type capillitium – elastic to subelastic, aseptate eucapillitial threads with occasional dichotomous or 
irregular branching; a–b = 1000×; c, e–f = 400×; d = 100×. 
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contains capillitial threads that lack pores and 
have thick main stems that are highly ramified 
with spinose appendages (see Figs 11b, 17f). 
This type is found exclusively in the genus 
Mycenastrum. The Calvatia type capillitium 
(Fig. 2c) is similar to the Lycoperdon type in 
that it has capillitial threads that occasionally 
exhibit dichotomous branching, normally have 
pores, and lack centralized main stems. This 
type, however, is typically septate and often 
fragile with capillitial threads that disarticulate 
at the septa.  

It should also be mentioned that Krüger 
and colleagues (2001) included an additional 
type, the ‘Handkea’ type capillitium, described 
as being similar to the Lycoperdon type but 
with “long slit-like pits” in the capillitial wall. 
This type has mainly been associated with 
Handkea (Kreisel, 1998); however, this genus 
is not accepted here (see comments above) and 
its members have not been reported from 
Arizona. 
 
Spores 

The majority of basidiospores found in 
Lycoperdaceae are globose to subglobose, and 
the structure of ornamentation covering them is 
taxonomically significant. A brief description 
of spore ornamentation types, which basically 
correspond to the four categories of Demoulin 
(1972), follows. It should be noted that the 
terminology used here applies only to spores as 
viewed under the light microscope; however, 
further explanation of each type as they appear 
under SEM is also given to assist in clarifying 
these terms.  

Spores lacking evident ornamentation at 
even the highest power of magnification 
(1000×) under the light microscope are termed 
smooth (‘apparemment lisses à ponctuées’ of 
Demoulin). Under SEM, higher magnification 
(10,000–20,000×) may also reveal an entirely 
smooth surface (see Fig. 14c, C. pachyderma), 
one that is slightly roughened (see Fig. 15c, H. 
brandegeeanum), or one with very minute

verrucae (see Fig. 16d, L. pyriforme). Spores 
with minute, but discernible, ornamentation are 
termed asperulate or asperate (‘faiblement 
verruqueuses’ of Demoulin). Asperulate spores 
appear smooth at 400×; however, minute 
verrucae or echinae are just visible under high 
magnification. Under SEM, small rounded or 
irregular-shaped verrucae or echinae with 
pointed apices are clearly discernable (see Fig. 
15e, L. lividum). Asperate spores have verrucae 
that are barely visible at 400×, and are more 
apparent at high magnification. Under SEM, 
small- to medium-sized rounded or irregular-
shaped verrucae are present (see Fig. 15d, L. cf. 
dermoxanthum).  

Spores with ornamentation of a medium 
grade coarseness are described as verruculose 
or echinulate (‘verruqueuses’ of Demoulin). 
Here, the verrucae or echinae are somewhat 
visible at 400×, but are clearly discernable at 
1000×. Under SEM, irregular-shaped, broadly 
conical to subcylindrical verrucae or echinae 
with pointed, rounded, or truncated apices are 
readily observed (e.g., see Fig. 14e, D. candida; 
Fig. 16b, L. perlatum). 

Spores with a more coarse form of 
ornamentation are described as being verrucose 
or echinate (‘fortement verruqueuses’ of 
Demoulin). This type of ornamentation is 
clearly visible at 400×, and in very coarsely 
ornamented spores (e.g., see Fig. 16e, L. 
rimulatum) the verrucae are even discernable at 
100×. At higher magnification under SEM, 
further distinctions are readily made in the 
ornamentation. Subcylindrical to cylindrical 
verrucae can be distinguished as well as various 
other characteristics of this type of spore 
ornamentation. For example, Lycoperdon molle 
(Fig. 16a) has spores with cylindrical verrucae 
and truncated apices; L. rimulatum (Fig. 16e) 
has subcylindrical verrucae with rounded apices; 
and long slender echinae are visible in the spore 
ornamentation of species like Calvatia aff. 
rugosa (Fig. 14d).  
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Artificial Key to the Arizona Lycoperdaceae 
 
1a. At maturity, gleba comprised of labyrinthiform, 

sinuous tramal plates; spore mass covering the 
surface of a true hymenium; spores subglobose to 
ovoid (4.0–4.8 μm in diam. × 4.0–5.6 μm in length), 
smooth to asperulate ................................................
.............................15. Holocotylon brandegeeanum 

1b. At maturity, gleba not comprised of labyrinthiform, 
sinuous tramal plates; spore mass pulverulent and 
interwoven with paracapillitial and/or eucapillitial 
threads; spores variable .......................................... 2 

 
2a. Paracapillitial threads present; eucapillitial threads 

absent from the gleba ............................................. 3 
2b. Eucapillitial threads present; paracapillitial threads 

present in the gleba or not ...................................... 4 
 
3a. Exoperidium verrucose; verrucae broad, pyramidal; 

spores globose to subglobose (3.2–4.8 μm in diam. 
× 4.0–5.6 μm in length), asperulate to asperate
...................................... 26.Vascellum intermedium 

3b. Exoperidium rugulose to minutely verruculose, 
lower portions more noticeably verruculose to 
echinulate; spores globose (4.0–5.6 μm in diam.), 
asperulate to aspirate ............28. Vascellum texense 

 
4a. Eucapillitial threads having numerous ramified 

branches ................................................................. 5 
4b. Eucapillitial threads lacking ramified branches, 

exhibiting thick main stems connected by branches, 
occasional dichotomous branching, or lacking 
branches altogether................................................. 6 

 
5a. Branches short with spinose tips; spores globose 

(8.8–12.8 μm in diam.), verrucose to reticulate; 
pedicel lacking; endoperidium rigid, thick (up to 4 
mm) .................................25. Mycenastrum corium 

5b. Branches long with attenuate tips; spores ovoid 
(4.8–5.6 μm in diam. × 5.6–6.4 μm in length), 
asperulate to asperate; pedicel long (10.0–16.0 μm 
in length); endoperidium papery to rigid, thin (less 
than 2 mm) ................................2. Bovista plumbea 

 
6a. Capillitium of the Calvatia type; eucapillitial 

threads fragile, frequently breaking into shorter 
units........................................................................ 7 

6b. Capillitium of the Lycoperdon or intermediate type; 
eucapillitial threads elastic to subelastic, only 
occasionally breaking into shorter units ............... 18 

 
7a. Exoperidium comprised of a thick mycelial mat, 

heavily encrusted with particles of soil or sand, 
remaining attached and forming a cup around 
‘lower’ 1/5 to 1/2 of gasterocarp ............................ 8 

7b. Exoperidium not comprised of a thick mycelial mat, 
not heavily encrusted with particles of soil or sand, 

if attached then not forming a cup around lower 1/5 
to 1/2 of gasterocarp .............................................11 

 
8a. Spores having long pedicels (5.6–18.0 μm in length)

.......................................... 13. Disciseda hyalothrix 
8b. Spores having short pedicels (less than 2.0 μm in 

length), or pedicels lacking.....................................9 
 
9a. Spores globose to subglobose (4.0–5.6 μm in diam. 

× 4.0–5.6 μm in length), smooth to asperulate .........
............................................... 12. Disciseda cervina 

9b. Spores globose, verrucose ....................................10 
 
10a. Endoperidium with reticulate pattern on basal 

portions, formed of felted to flocculent ridges; 
spores 4.0–6.4 μm in diameter .................................
.............................................. 11. Disciseda candida 

10b. Endoperidium lacking reticulate pattern; spores 
8.0–12.8 μm in diameter.... 14. Disciseda verrucosa 

 
11a. Spore mass violaceous..........................................12 
11b. Spore mass brownish yellow, olive-yellow, olive-

brown to light brown ............................................14 
 
12a. Spores asperulate (4.0–4.8 μm in diam.) ..................

........................................... 8. Calvatia cf. leiospora 
12b. Spores verrucose...................................................13 
 
13a. Subgleba present and prominent, comprising lower 

1/3 to 1/2 of gasterocarp, cellular and composed of 
medium- to large-sized cells; exoperidium having 
some sphaerocysts which contain pigments .............
...........................................6. Calvatia cyathiformis 

13b. Subgleba absent or reduced, if present then 
composed of compacted or small-sized cells; 
exoperidium lacking pigments in sphaerocysts ........
....................................................7. Calvatia fragilis 

 
14a. Spores globose (5.6–7.2 μm in diam.), strongly 

echinate; endoperidium persistent in mature 
gasterocarps ................................3. Calvatia bicolor 

14b. Spores globose to subglobose, smooth to asperate, 
or moderately echinate; endoperidium breaking 
apart in mature gasterocarps .................................15 

 
15a. Peridia staining yellow when fresh, developing an 

orange pigmentation with age; gasterocarp small- to 
medium-sized (20–60 mm in diam.); spores globose 
(3.2–4.8 μm in diam.), echinate ................................
........................................... 10. Calvatia aff. rugosa 

15b. Peridia not staining yellow when fresh, or only 
weakly so, not developing an orange pigmentation 
with age; gasterocarp medium- to large-sized (70–
600 mm in diam.); spores globose, subglobose to 
ovoid, smooth to asperulate ..................................16 

 
16a. Spores subglobose to ovoid (3.2–4.8 μm in diam. × 

4.0–5.6 μm in length), smooth; peridium glabrous,
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thick (up to 4 mm), and persistent, developing 
vertical cracks on the apical portions of the 
gasterocarp ........................ 9. Calvatia pachyderma 

16b. Spores globose to subglobose, smooth to asperulate; 
endoperidium glabrous to felted, thin and fragile, 
not developing vertical cracks on the apical portions 
of the gasterocarp ................................................. 17 

 
17a. Exoperidium thick (2–5 mm), breaking up into 

thick, polygonal or irregular-shaped patches; 
gasterocarp large-sized (160–600 mm in diam.); 
subgleba absent or reduced; spores globose to 
subglobose (3.2–4.8 μm in diam. × 4.0–4.8 μm in 
length), smooth to asperulate ...................................
................................................ 4. Calvatia booniana 

17b. Exoperidium thin (up to 1 mm), breaking up into 
thin, irregular-shaped, flaky patches; gasterocarp 
medium- to large-sized (70–150 mm in diam.); 
subgleba present, comprising lower 1/3 to 1/2 of 
gasterocarp; spores globose (3.2–4.0 μm in diam.), 
asperulate .......................... 5. Calvatia craniiformis 

 
18a. Gasterocarp often growing directly on rotting wood; 

spores globose to subglobose (4.0–5.6 μm in diam.), 
smooth; eucapillitial threads lacking pores; 
subgleba present, white, composed of compact to 
small-sized cells; exoperidium rimulose to scurfy-
granulose, composed of irregular-shaped, spinose 
sphaerocysts ...................22. Lycoperdon pyriforme 

18b. Gasterocarp terrestrial, not growing directly on 
rotting wood; spores variable; eucapillitial threads 
having pores; subgleba absent or present, tan, 
brown, or lilaceous, cellular or with compact cells; 
exoperidium not composed of irregular-shaped, 
spinose sphaerocysts ............................................ 19 

 
19a. Endoperidium of mature gasterocarp left with a 

reticulate or areolate pattern after exoperidium has 
sloughed off; exoperidium composed of white, 
fugacious, long (up to 3 mm), stout, conical 
verrucae, encircled by shorter, persistent verrucae 
or echinae; spores globose (3.2–4.8 μm in diam.), 
verrucose .........................20. Lycoperdon perlatum 

19b. Endoperidium of mature gasterocarp lacking a 
reticulate or areolate pattern after exoperidium has 
sloughed off; exoperidium glabrous or ornamen-
tation more or less equal in size; spores variable .....  

 .............................................................................. 20 
 
20a. Endoperidium covered with a fine granular matter; 

exoperidium sloughing off in plates, composed of 
numerous stout, conical, white echinae or verrucae, 
singular or fused at the tips; spores globose (3.2–5.6 
μm in diam.), asperulate to asperate.........................
....................................18. Lycoperdon marginatum 

20b. Endoperidium not covered with a fine granular 
matter; exoperidium not sloughing off in plates, 
ornamentation variable; spores variable............... 21 

21a. Exoperidium strongly echinate; echinae long (up to 
5 mm), slender, white to off-white to tan, singular 
or fused at the tips, soon sloughing off of upper 
portions of the gasterocarp; spores globose (5.6–6.4 
μm in diam.), verrucose............................................
................................21. Lycoperdon pulcherrimum 

21b. Exoperidium glabrous to echinate, if echinate then 
echinae short (less than 2 mm), slender, tan to 
blackish brown; spores variable............................22 

 
22a. Exoperidium glabrous, rimulose to scurfy-granulose, 

or composed of minute to tightly appressed echinae 
..............................................................................23 

22b. Exoperidium echinulate to echinate .…………… 26 
 
23a. Spores strongly verrucose (6.4–8.0 μm in diam.); 

exoperidium glabrous to rimulose ............................
...................................... 23. Lycoperdon rimulatum 

23b. Spores smooth to verruculose; exoperidium 
glabrous, rimulose to scurfy-granulose.................24 

 
24a. Subgleba present, comprising lower 1/3 to 1/2 of 

gasterocarp, cellular; spores globose to subglobose 
(3.2–4.8 μm in diam.), asperulate; eucapillitial 
threads with abundant medium- to large-sized pores
........................................... 17. Lycoperdon lividum 

24b. Subgleba absent or reduced and compact cellular; 
spores variable; eucapillitial threads with abundant 
small- to medium-sized pores...............................25 

 
25a. Spores globose (4.0–4.8 μm in diam.), asperate to 

verruculose, mostly uniform in size; eucapillitial 
threads of the Lycoperdon type (entirely lacking 
eucapillitial threads of the intermediate type), 
elastic, abundant small- to medium-sized pores; 
gasterocarp occasionally plicate at base, often 
attached by a slender rhizomorph; subgleba reduced
......................... 16. Lycoperdon cf. dermoxanthum 

25b. Spores globose to subglobose (3.2–4.8 μm in diam. 
× 3.2–5.6 μm in length), smooth to asperulate, 
varying in size; eucapillitial threads mostly of the 
intermediate type (Lycoperdon type found toward 
the apex of gleba), subelastic to elastic, abundant 
small-sized pores; gasterocarp often attached by a 
thick rhizomorph; subgleba reduced.........................
..................................................1. Bovista aestivalis 

 
26a. Paracapillitial threads abundant in gleba, especially 

toward the periphery; echinae short (up to 1 mm), 
fugacious toward apical portions of gasterocarp; 
spores globose to subglobose (4.0–4.8 μm in diam. 
× 4.0–5.6 μm in length), asperulate to asperate; 
apex of gasterocarp developing a large ostiole at 
maturity ......................... 27. Vascellum lloydianum 

26b. Paracapillitial threads sparse or absent in gleba; 
echinae fragile to well formed, singular or fused at 
the tips, intermixed with granules or not; spores 
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variable; gasterocarp developing a small- to 
medium-sized ostiole at maturity ......................... 27 

 
27a. Spore mounts containing numerous sterigmal 

remnants; spores globose (5.6–7.2 μm in diam.), 
verrucose with large, dense, truncate verrucae; 
eucapillitial threads with scattered medium- to 
large-sized pores; exoperidium entirely covering the 
endoperidium; echinae narrow, short (up to 0.5 mm), 
occasionally intermixed with longer spicules (up to 
1 mm) ....................................19. Lycoperdon molle 

27b. Spore mounts mostly lacking sterigmal remnants; 
spores globose (4.0–5.6 μm in diam.), asperulate; 
eucapillitial threads with abundant medium- to 
large-sized pores; exoperidium not entirely covering 
the yellow colored endoperidium, which is exposed 
between areas of ornamentation; echinae thin, short 
(up to 1 mm)................. 24. Lycoperdon umbrinum 

 
Taxonomic Part 
 
Bovista Pers.: Pers., Neu. Mag. Bot. 1: 86 
(1974). 

Type species: Bovista plumbea Pers.: 
Pers., Obs. Mycol. 1: 5 (1796) 
 
1. Bovista aestivalis (Bonord.) Demoulin, 
Beihefte zur Sydowia 8: 143 (1979). 

(Figs 3a–b, 13a) 
Basionym: Lycoperdon aestivale Bonord., Handb. 

Allg. Mykol.: 251 (1851). 
Reported synonyms: = Lycoperdon furfuraceum 

Schaeff., Fung. Bavar. Palat. Nasc. 4: 131 (1774), non 
Bovista furfuracea Pers.: Pers. 1801 

= Lycoperdon polymorphum Vittad., Monogr. 
Lycoperd.: 39 (1842), nom. illegit, non Lycoperdon 
polymorphum scop. 1772. 

= Lycoperdon coloratum Peck, Rep. State Bot. of 
New York State Mus.: 29: 46 (1878). 

= Bovista colorata (Peck) Kreisel, Feddes Repert. 
69: 201 (1964). 

= Bovista pusilliformis (Kreisel) Kreisel, Feddes 
Repert. 69: 202 (1964). 

Selected illustrations: Calonge (1992: Fig. 10b); 
Demoulin (1968: 55, as B. polymorpha); Moyersoen & 
Demoulin (1996: Fig. 25, photos 24–46); Kreisel (1967b: 
108–115, as B. polymorpha); Pegler, Læssøe & Spooner 
(1995: Figs. 97–98).  

Gasterocarp 10–40 mm in diameter × 
15–40 mm in height, globose, subglobose, 
depressed globose to obpyriform, slightly 
plicate at base, tapering to a single or branching 
thick rhizomorph (5–20 mm in length) that is 
composed of minute tightly woven strands of 
mycelium or forms a mycelial pad that is 

encrusted with particles of soil; ostiole 
developing as the exoperidium begins to slough 
off, slit-like or irregularly torn and occasionally 
slightly upturned at the rim. Exoperidium white 
to off-white at first, becoming yellowish white 
(3A2), pale yellow (3A3), minutely verruculose; 
verrucae thin, fragile, sub-flocculent, often 
appressed, sloughing off slowly, wearing away 
to reveal the endoperidium with weather and 
age. Endoperidium yellowish gray (3B2) to dull 
yellow (3B3–4), orange-gray (5B2), grayish 
orange (5B3–5) to brownish yellow (5C4–7), 
glabrous, papery, dull, persistent. Gleba grayish 
yellow (4B–C3–5), brownish orange (5C4–5) 
to yellowish brown (5D4–6), cottony. Subgleba 
brownish orange (5C3–5), composed of 
compact cells, often reduced. 

Basidiospores globose to subglobose, 
3.2–5.6 × 3.2–4.8 μm [X̄ = 4.4 ± 0.7 × 4.0 ± 0.7 
μm, Qm = 1.1, n = 20], smooth to asperulate, 
hyaline to yellow in water mounts, with a 
central oil drop; pedicel short (up to 0.8 μm); 
sterigmal remnants typically absent from 
mounts. Capillitium mostly of the intermediate 
type (threads of the Lycoperdon type are 
commonly found near the ostiole); eucapillitial 
threads 3.2–8.0 μm diam., thick-walled (up to 
0.8 μm), subelastic to elastic, yellow to 
brownish yellow in water mounts, straight to 
subundulate, glabrous with small-sized pores, 
aseptate, sparse to frequent dichotomous 
branching with occasional knob-like projec-
tions; tips narrow, attenuate, often subundulate. 
Paracapillitial threads absent. Exoperidium 
composed of thick-walled inflated hyphal 
elements with round to acute apices. 
Endoperidium composed of tightly interwoven 
septate, thick-walled hyphal elements. 

Habitat: Terrestrial and found in open areas on 
the soil or growing amid leafy debris under aspen 
(Populus tremuloides), fir (Abies spp.), juniper 
(Juniperus spp.), pinyon (Pinus edulis), Ponderosa pine 
(Pinus ponderosa), or spruce (Picea spp.). This species 
occurs in the higher elevations of the state within the 
Great Basin conifer woodland, the Petran montane 
conifer forest, and Petran subalpine conifer forest biotic 
communities. 

Distribution: Known from many parts of the 
United States, and previously reported from California, 
Colorado, Florida, Illinois, Massachusetts, Minnesota,
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Fig. 3. Bovista aestivalis – STB00751 (hb. Bates): a) gasterocarps; b) eucapillitial threads (cap.), spores (sp.), and 
exoperidial elements (exo.); Bovista plumbea – WHL7866 (BPI): c) eucapillitial threads (cap.), spores (sp.), and 
exoperidial elements (exo.); d) gasterocarps; Calvatia bicolor – LNG756-58 (ARIZ): e) gasterocarp; f) eucapillitial 
threads (cap.), spores (sp.), and exoperidial elements (exo.); bars a, d, e = 2 cm; b, c, f = 4 µm. 
 
Michigan, Missouri, New York, Nebraska, North 
Carolina, North Dakota, Ohio, Pennsylvania, Tennessee, 
Texas, Vermont, Washington, Wisconsin and Wyoming. 
Also reported from Australia, Britain, Canada, China, 
Europe, New Zealand and South America. 

Material examined: ARIZONA, Apache Co.: 
~50–100 ft to the W of corral by the side of 2 track dirt 
rd.; ~1 mi in on FR 116 off of Hwy. 273, Big Lake area,

16 August 2002, S.T. Bates STB00088 (hb. Bates). 
Coconino Co.: Navajo Mountain 56 B, 22 October 1972, 
J.S. States AEF1422 (MICH); Walnut Canyon Nat. 
Monument, 18 October 1986, J.S. States AEF531 
(MICH); ~3/4 mi in on FR 34B, ~1 mi W on FR 34 from 
intersection w/ Rim Rd. (FR300) Woods Canyon Lake, 
Mogollon Rim, 10 August 2002, S.T. Bates STB00074 
(hb. Bates). Maricopa Co.: 7 Springs area near Cavecreek,  
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25 January 2003, S.T. Bates STB00124 (hb. Bates). Pima 
Co.: Mt. Bigelow, Santa Catalina Mts., Coronado Nat. 
Forest, 29 March 2003, S.T. Bates STB00339 (hb. Bates).  

Commentary: Bovista aestivalis is easily 
confused with L. cf. dermoxanthum. In general, 
B. aestivalis has an endoperidium and gleba 
that is more brown in tone than L. cf. 
dermoxanthum and the subgleba in the former 
is often less developed than in the latter. 
However, these characters are not absolutely 
dependable as there is some overlap. The two 
species are most reliably distinguished using 
microscopic characters. When material is taken 
from the center of the gleba, Bovista aestivalis 
exhibits eucapillitial threads of the intermediate 
type with small pores, and has smooth to 
asperulate spores that are variable in size and 
shape (globose to subglobose). Alternatively, L. 
cf. dermoxanthum exhibits eucapillitial threads 
exclusively of the Lycoperdon type with small- 
to medium-sized pores, and has asperate to 
verruculose spores that are globose and more 
uniform in size (see L. cf. dermoxanthum and 
Moyersoen and Demoulin, 1996 for further 
discussion).  

Bovista furfuracea is recognized by some 
authors (e.g., Moyersoen and Demoulin, 1996) 
as a species that is very similar to, but distinct 
from, B. aestivalis. The former can be 
distinguished from the later microscopically as 
it exhibits eucapillitial threads that are septate 
and more fragile than those in the later. When 
mounted in Lactophenol Cotton Blue, the 
spores of the former also apparently incorporate 
Cotton Blue more readily into the spore wall, 
and thus appear more strongly ornamented than 
the latter. Macroscopically, B. furfuracea lacks 
a subgleba and has a rhizomorph that is less 
robust than that of B. aestivalis (see Moyersoen 
and Demoulin, 1996 for further discussion). 
 
2. Bovista plumbea Pers.: Pers., Obs. Mycol. 
1:5 (1796) 

(Figs 3c–d, 13b) 
≡ Lycoperdon plumbeum (Pers.: Pers.) Vittad., 

Fung. Manger.: 257 (1835). 
≡ Sackea plumbea (Pers.: Pers.) Rostk., Deutschl. 

Fl. (Sturm), Abt. 3, Pilze Deutschl. 5(18): 35 (1839). 
≡ Globaria plumbea (Pers.: Pers.) Quél., Champ. 

Jura 2: 371 (1873). 

Reported synonyms: = Lycoperdon arrhizon 
Batsch, Elench. Fung., Cont. 1: 

= Bovista tunicata Fr., Syst. Mycol. 3: 25 (1829). 
= Bovista purpurea Lloyd, Mycol. Writings 7: 

1201 (1923). 
Selected illustrations: Calonge (1992: Fig. 13b); 

Kreisel (1967b: Ills. 68–70); Pegler, Læssøe & Spooner 
(1995: Figs 107–108); Šmarda in Pilát (1958: Figs 112: 
1–2, 115–116); Smith (1951: Pl. 24, Fig 2).  

Gasterocarp 15–30 mm in diameter × 
10–25 mm in height, globose, subglobose to 
depressed globose, normally separating from 
the mycelium, although a small basal pad of 
thick soil encrusted mycelium often remains, 
older specimens sometimes splitting radially; 
ostiole up to 5 mm in length, developing as the 
exoperidium begins to slough off, slit-like or 
irregularly torn or ovoid. Exoperidium white to 
off-white at first, becoming grayish brown 
(6D5–8F3) or remaining white, glabrous or 
occasionally encrusted with particles of soil, 
thin, papery, sloughing off in large irregular-
shaped sheets that often remain as remnants on 
the basal portions of the gasterocarp. 
Endoperidium lead gray (2D2) or grayish 
brown to brownish gray (6D3–8F2), glabrous, 
thin, flaccid to subcoriaceous, persistent. Gleba 
white to off-white and solid at first, becoming 
cottony, light brown (6D6) to dark brown (7F6). 
Subgleba normally absent or if present, then 
composed of compact cells. 

Basidiospores ovoid, 5.6–6.4 × 4.8–5.6 
μm [X̄ = 6.0 ± 0.4 × 4.8 ± 0.6 μm, Qm = 1.3, n = 
20], asperulate to asperate, brownish yellow in 
water mounts, with a central oil drop; pedicel 
long (10.0–16.0 μm), straight with blunt or 
attenuate terminus; sterigmal remnants absent 
from mounts. Capillitium of the Bovista type; 
eucapillitial threads 4.0–16.0(–24) μm diam., 
thick-walled (up to 4.0 μm), elastic, yellowish 
brown in water mounts, glabrous or 
occasionally finely encrusted, lacking pores, 
aseptate, singular highly branched units with 
thick central strand; tips attenuate with acute 
apices. Paracapillitial threads absent. Exo-
peridium translucent, plate-like or small 
sphaerocyst-like elements, cellular composition 
difficult to readily discern. Endoperidium 
composed of tightly interwoven, thick-walled 
hyphal elements. 
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Habitat: Terrestrial and found in open areas, 
pastures, grassy areas within forests, cultivated lawns of 
urban areas, or along drainage sites, such as at the edge 
of roadways or trails. This species occurs in the higher 
elevations of the state within the Petran montane conifer 
forest and Petran subalpine conifer forest biotic 
communities.  

Distribution: Know from many parts of the United 
States, and previously reported from Idaho, Illinois, 
Massachusetts, Michigan, Montana, New York, North 
Carolina, North Dakota, Ohio, South Carolina, 
Wisconsin and Wyoming. Also reported from Europe, 
Britain, and Russia. 

Material examined: ARIZONA, Apache Co.: 
~50–100 ft to the W of corral by the side of 2 track dirt 
rd.; ~1 mi in on FR 116 off of Hwy. 273, Big Lake area, 
16 August 2002, S.T. Bates STB00087 (hb. Bates). 
Coconino Co.: East side Game Road, Kaibab Plateau, 
Kaibab Nat. Forest, 06 June 1968, R.L. Gilbertson 7874 
(ARIZ); 3919 N Paradise Road, 14 September 1983, J.S. 
States AEF1417 (MICH); N Paradise Road 02 October 
1983, J.S. States AEF104 (MICH); 3919 N Paradise 
Road, 07 December 1991, J.S. States AEF921 (MICH). 

Commentary: This species is charac-
terized by having gasterocarps with a grayish 
brown endoperidium, Bovista type capillitium, 
and ovoid spores with a long pedicel. The other 
Bovista species in Arizona, B. aestivalis, is very 
different from B. plumbea as it is normally 
smaller in stature and exhibits globose spores as 
well as eucapillitial threads that are mostly of 
the intermediate type. Bovista pila should be 
compared with B. plumbea, although that 
species has not been reported from Arizona. 
Microscopically, Bovista pila is easily 
distinguished from B. plumbea as the former 
has smooth, globose spores with a short pedicel, 
or that lack a pedicel altogether.  

 
Calvatia Fr., Summa Vegetabilium 

Scandinaviae: 442 (1849). 
Type species: Calvatia craniiformis 

(Schwein.) Fr., Summa Veg. Scand.: 442 
(1849). 

 
3. Calvatia bicolor (Lév.) Kreisel, Persoonia 
14: 435 (1992). (Figs 3e–f, 13c) 

Basionym: Bovista bicolor Lév., Ann. Sci. Nat., 
Bot. Sér. 3, 5: 162 (1846). 

≡ Lanopila bicolor (Lév.) Pat. Bull. Soc. Mycol. 
France 15: 203 (1899). 

≡ Langermannia bicolor (Lév.) Demoulin & 
Dring, Bull. Jard. Bot. Belg. 45: 350 (1975). 

Reported synonyms: = Lanopila wahlbergii Fr., 
Fung. Natal.: 31 (1848). 

= Lasiosphaera fenzlii Reichardt, Reise Austr. 
Freg. Nov., Bot. 1(3): 135 (1870). 

= Bovista tosta Berk. & M.A. Curtis ex Massee, J. 
Bot. 26: 132 (1888). 

= Lanopila radloffiana Verwoerd, Ann. Univ. 
Stellenbosch 3: 25 (1925). 

= Langermannia fenzlii (Reichardt) Kreisel, 
Feddes Repert.64: 120 (1962). 

= Langermannia wahlbergii (Fr.) Dring, Mycol. 
Pap. 98: 46 (1964). 

Selected illustrations: Bottomley (1948: Pl. 45, as 
Lanopila wahlbergii); Homrich & Wright (1973: Fig. 3, 
B–D); Moreno, Kreisel & Altés (1996: Fig. 14, SEM of 
spore).  

Gasterocarp (30–)60–70(–100) mm in 
diameter × 50–60(–80) mm in height, globose, 
subglobose to depressed globose, attached at 
the base by a mycelial mat that soon becomes 
detached from the gasterocarp; ostiole lacking, 
peridia slowly breaking apart at the apex of the 
gasterocarp to expose the gleba. Exoperidium 
light brown (7D5–7), brown (7D5–8) to reddish 
brown (8D5–6 to 8E4–8), glabrous, occa-
sionally lightly encrusted with particles of soil, 
thin, persistent, or breaking up into small-sized 
irregular-shaped flaky patches that typically 
slough off the apical portion of the gasterocarp 
in a random pattern. Endoperidium grayish 
orange (6B3–5) to brownish orange (6C5–6), 
glabrous, thin, papery to subcoriaceous, dull, 
persistent, breaking apart at the apex of the 
gasterocarp with age to reveal the gleba. Gleba 
light brown (6–7D5–8), cottony, firm, persis-
tent. Subgleba absent. 

Basidiospores globose, 5.6–7.2 × 5.6–7.2 
μm [X̄ = 6.4 ± 0.7 × 6.4 ± 0.7 μm, Qm = 1.0, n = 
20], echinulate to echinate, brownish yellow in 
water mounts, with a central oil drop; pedicel 
absent or rudimentary; sterigmal remnants 
mostly absent from mounts. Capillitium of the 
Calvatia type; eucapillitial threads 3.2–6.4 μm 
diam., thick-walled (up to 0.8 μm), fragile, 
brownish yellow in water mounts, straight to 
subundulate, glabrous with abundant small- to 
medium-sized pores, septate (often breaking at 
septum), sparsely branched (dichotomous when 
occurring). Paracapillitial threads absent. 
Exoperidium composed of thick-walled inflated 
elements and orbicular to ovoid sphaerocysts. 
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Endoperidium composed of tightly interwoven 
hyphal elements. 

Habitat: Terrestrial and found in open areas or in 
soil and debris under ash trees (Fraxinus spp.). It is 
assumed that this species occurs in the higher elevations 
of the state within the Petran montane conifer forest 
biotic community (see comments).  

Distribution: Although herbarium records from 
Arizona and Florida (NY, BPI) exsisted, this species was 
only recently reported for the first time from North 
America (Bates, 2006). Previously reported from Africa, 
Asia, Indonesia, Caribbean, Central America and South 
America. 

Material examined: ARIZONA, Coconino Co.: 
“Pleasant Valley, Pima County”, 05 November 1958, 
L.N. Gooding 756-58 (ARIZ).  

Commentary: The glabrous, thin, 
brownish exoperidium, orange colored endo-
peridium, echinulate to echinate spores, 
Calvatia type capillitium, and manner of 
dehiscence distinguish Calvatia bicolor from 
all other puffball species found in Arizona. 
Calvatia aff. rugosa also has echinate spores, 
but that species can be easily distinguished 
from C. bicolor. Unlike Calvatia aff. rugosa, 
fresh specimens of C. bicolor do not stain 
yellow, nor do they develop a strong orange 
coloration in the exoperidium when dry (see 
Calvatia aff. rugosa). Smaller, globose 
specimens of C. craniiformis could also be 
confused with C. bicolor; however, the former 
normally has a well developed subgleba and the 
spores are not as coarsely ornamented as those 
found in C. bicolor.  

There is some uncertainty regarding the 
collection locality of the C. bicolor specimen 
deposited in the Gilbertson Mycological 
Herbarium (ARIZ). Although the field label 
cites “Pleasant Valley, Pima Co.”, it is not clear 
if such a place exists. The vascular plant 
herbarium at the University of Arizona (ARIZ) 
has several records confirming that the 
collector, L.N. Goodding, frequented Pleasant 
Valley in Coconino County. However, there is 
also one 1934 record of a Goodding collection 
from a Pleasant Valley in Gila County. In 
addition to the material in ARIZ, the New York 
Botanical Garden houses two specimens 
labeled C. bicolor (NY 123803 and 460667, 

Santa Cruz County) that were collected by W.H. 
Long. 

 
4. Calvatia booniana A.H. Sm., Lloydia 27: 
164 (1964). (Figs 4a–b, 13d) 

Selected illustrations: Zeller & Smith (1964: Pls. 
VII, VIII). 

Gasterocarp 160–600 mm in diameter × 
70–300 mm in height, globose to depressed 
globose, sharply tapering at the base to a robust 
rhizomorph that is encrusted with soil particles; 
ostiole lacking, peridia break apart in patches to 
expose the gleba. Exoperidium white to off-
white at first, becoming grayish yellow (4B4) 
with age, 2–5 mm thick, glabrous with some 
areas covered in a fine flocculence, breaking up 
into polygonal or irregular-shaped patches 
(reaching 20–50 mm) with a wrinkled surface; 
patches flat, concave, or slightly raised, often 
darkening toward the center, frequently 
sloughing off to reveal the endoperidium. 
Endoperidium white to grayish yellow (4B4), 
glabrous or felted, up to 2 mm thick, breaking 
up and sloughing off with the exoperidium. 
Gleba white to off-white and solid at first, 
becoming pulverulent, olive-yellow (3C8) to 
olive-brown (4E5–8). Subgleba white to off-
white and confined to the area of the 
rhizomorph or absent. 

Basidiospores globose to subglobose, 
4.0–4.8 × 3.2–4.8 μm [X̄ = 4.3 ± 0.4 × 4.0 ± 0.5 
μm, Qm = 1.1, n = 20], smooth to asperulate, 
brownish yellow in water mounts, with a 
central oil drop; pedicel short; sterigmal 
remnants present in mounts. Capillitium of the 
Calvatia type; eucapillitial threads 4.0–7.2 μm 
diam., thick-walled (up to 1.6 μm), fragile, 
yellow-brown in water mounts, straight to 
undulate, glabrous with abundant small-sized 
pores, septate, often breaking at septum, dicho-
tomously branched. Paracapillitial threads 
absent. Exoperidium composed of thick-walled, 
inflated elements and orbicular to ovoid 
sphaerocysts. Endoperidium composed of 
tightly interwoven, thick-walled hyphal 
elements. 
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Fig. 4. Calvatia booniana – AEF406 (MICH): a) gasterocarp (cross section); b) eucapillitial threads (cap.), spores (sp.), 
and exoperidial elements (exo.); Calvatia craniiformis – RLG7768 (ARIZ): c) eucapillitial threads (cap.), spores (sp.), 
and exoperidial elements (exo.); d) gasterocarp; Calvatia cyathiformis – JPL649 (ARIZ): e) gasterocarp; f) eucapillitial 
threads (cap.), spores (sp.), and exoperidial elements (exo.); bars a, d, e = 2 cm; b, c, f = 4 µm. 
 

Habitat: Terrestrial and found in open areas, 
meadows, grassy areas within forests, disturbed areas, 
drainage areas, or even fruiting in dirt roadways. This 
species occurs in the higher elevations of the state within 
the Petran montane conifer forest and the Plains and 
Great Basin grassland biotic communities.  

Distribution: Known only from the western 
United States and previously reported from Colorado, 

Idaho, New Mexico, Oregon and Utah. Also reported 
from Asia and Europe. 

Material examined: ARIZONA, Coconino Co.: 
Parks, in Populus-Pinus ponderosa, 03 September 1986, 
J.S. States AEF406 (MICH); Hart Prairie, San Francisco 
Peaks Natural Area, in dry open areas near old corrals, 
often near or under sagebrush, 28 August 1988, J.S. 
States AEF1323 (MICH); Continental Country Club, 
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Flagstaff, in dry open areas near old corrals, often near or 
under sagebrush, 17 June 1992, J.S. States AEF940 
(MICH). 

Commentary: Calvatia booniana is a 
western species and among the larger puffballs 
found in the United States. It is the only large 
puffball found in Arizona with a thick 
exoperidium that breaks up into polygonal or 
irregular-shaped patches. Calvatia polygonia, 
known only from Colorado, is a very similar 
species that can be distinguished by its strongly 
ornamented spores. Two other puffballs not 
reported from Arizona, C. sculpta and 
Calbovista subsculpta, could also be confused 
with C. booniana. Calvatia sculpta has poly-
gonal patches with more prominent pyramidal 
warts, and Calbovista subsculpta, that also 
exhibits pyramidal warts, is easily distinguished 
by the presence of a Bovista type capillitium. 
Calvatia pachyderma is a medium-sized 
puffball found in Arizona that could possibly be 
confused with C. booniana; however, the 
former can readily be distinguished by its 
glabrous, hard, and thick peridium that 
develops large cracks in the apical portions of 
the gasterocarp (see C. pachyderma for further 
discussion).  

 
5. Calvatia craniiformis (Schwein.) Fr., 
Summa Vegetabilium Scandinaviae.: 442 
(1849).  (Figs 4c–d, 13e) 

Basionym: Bovista craniiformis Schwein., Trans. 
Amer. Philos. Soc. II. 4: 256 (1832). 

Reported synonyms: = Lycoperdon delicatum 
Berk. & M.A. Curtis, Grevillea 2: 51 (1873), non L. 
delicatum Berk., J. Bot. (Hooker): 172 (1854). 

= Lycoperdon missouriense Trelease, Trans. Acad. 
Sci. St. Louis 5: 240 (1891). 

Selected illustrations: Coker & Couch (1928: Pl. 
39); Smith (1951: Pl. 8); Zeller & Smith (1964: Pls. 14, 
15). 

Gasterocarp (50–)70–150(–190) mm in 
diameter × 60–120(–200) mm in height, 
obovoid, broadly obpyriform to turbinate, 
slightly tapering at the base to a broad 
pseudostipe that is rounded at the base, often 
attached by a thick branching rhizomorph that 
is encrusted with particles of soil; ostiole 
lacking; peridia break apart to expose the gleba. 
Exoperidium white to off-white at first, 
becoming dark yellow (4C8) to yellowish 

brown (5D8–E6), glabrous to minutely floccose 
or sparsely encrusted with particles of dirt, thin, 
papery, breaking up into thin irregular-shaped, 
flaky patches that soon slough off of the upper 
portions of the gasterocarp. Endoperidium often 
slightly paler than the exoperidium, glabrous or 
felted, thin, fragile, breaking up and sloughing 
off as does the exoperidium. Gleba white to 
off-white and solid at first, becoming olive-
yellow (3C8), olive-brown (4D8) to light brown 
(5D7), cottony, firm, persisting for a long time 
after the peridial layers shed, pieces of the 
peridia often remain attached in random 
patches. Subgleba olive-brown (4D8), com-
posed of small-sized cells. 

Basidiospores globose to subglobose, 
3.2–4.0 × 3.2–4.0 μm [X̄ = 3.8 ± 0.4 × 3.6 ± 0.4 
μm, Qm = 1.1, n = 20], smooth to asperulate, 
brownish yellow in water mounts, oil drop not 
apparent; pedicel absent or rudimentary; 
sterigmal remnants absent from mounts. 
Capillitium of the Calvatia type; eucapillitial 
threads to 4.8 μm diam., thick-walled (up to 1.0 
μm), fragile, yellowish brown in water mounts, 
straight to subundulate, glabrous with abundant 
medium- to large-sized pores, occasionally 
finely encrusted, septate, often inflated at 
septum, sparsely branched (dichotomous when 
occurring). Paracapillitial threads absent. 
Exoperidium composed of thick-walled (up to 
1.0 μm), inflated elements and irregular- to 
flask-shaped sphaerocysts (yellow in water 
mounts, deep brown in Melzers). Endoperidium 
composed of tightly interwoven, thick-walled 
hyphal elements. 

Habitat: Terrestrial and found in open areas, 
meadows, disturbed areas, or under desert willow 
(Chilopsis linearis), mesquite (Prosopis spp.), oak 
(Quercus spp.), pinyon (Pinus edulis), juniper (Juniperus 
spp.), or sagebrush (Artemesia spp.). This species is 
widespread in southern Arizona and occurs in the mid to 
higher elevations of the state within the Madrean 
evergreen woodland, Plains and Great Basin grassland, 
and semidesert grassland biotic communities.  

Distribution: Known from various parts of the 
United States, particularly common in the southern states 
and previously reported from Michigan, Oklahoma and 
Texas. Also reported from China and Japan. 

Material examined: ARIZONA, Cochise Co.: 
Near John Hand’s Lake, Chiricahua Mts., Coronado Nat. 
Forest, on ground, 10 October 1970, J.P. Lindsey (ARIZ 
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AN014552); Pinery Canyon, Chiricahua Mts., Coronado 
Nat. Forest, on ground, 22 November 1974, B.G. Phillips 
(ARIZ AN014656); John Hands Park, Chiricahua Mts., 
Coronado Nat. Forest, on soil, 16 February 1975, C. 
Dennet (ARIZ no number); Scotia Canyon, under Emory 
oak & pinyon, 21 September 1977, R.L. Gilbertson 
(ARIZ AN014711); Huachuca Mts., on waste land often 
under sagebrush (Artemesia), 03 September 1994, J.S. 
States AEF1313 (MICH). Santa Cruz Co.: Rd. between 
Patagonia and Lochiel, Patagonia Mts., on ground under 
mesquite and desert willow, 10 November 1967, R.L. 
Gilbertson (ARIZ AN014643); Canelo Road, on ground, 
09 October 1970, R.L. Gilbertson (ARIZ AN014668); 
Sycamore Canyon, Atascosa Mts., Coronado Nat. Forest, 
on ground under oak-juniper, 23 September 1971, R.L. 
Gilbertson RLG10490 (ARIZ); Gardner Canyon, Santa 
Rita Mts., Coronado Nat. Forest, near base of Juniperus 
deppeana Steud., 06 September 1976, J.P. Lindsey 
JPL546 (ARIZ); Washington Camp, Patagonia Mts., 
under oak and junipers, 02 September 1977, R.L. 
Gilbertson RLG11726 (ARIZ).  

Commentary: The obpyriform to turbinate 
gasterocarp, persistent olive-brown gleba, and 
flakey exoperidium distinguishes Calvatia 
craniiformis from other medium-sized puffballs 
in the field. Microscopically, the small spores 
(3.2–4.0 μm diam.) and eucapillitial threads 
with inflated septa are characteristic of this 
species. Calvatia craniiformis often resembles 
C. cyathiformis externally, but is easily 
distinguished from that species which develops 
a distinct violaceous gleba. Both of these 
species have gasterocarps that persist for a long 
period of time (see C. cyathiformis for further 
discussion). Calvatia aff. rugosa is also 
superficially similar; however, that species 
stains yellow when fresh and later develops a 
strong orange coloration (see Calvatia aff. 
rugosa for further discussion). Handkea 
utriformis (not reported from Arizona) could 
also be confused with C. craniiformis; however, 
that species develops a crater-like opening, 
revealing a pulverulent olive-brown gleba, and 
has distinct sinuous slits in the eucapillitial 
threads. Calvatia craniiformis is one of the 
more common medium-sized puffballs found in 
southern Arizona. 

 
6. Calvatia cyathiformis (Bosc) Morgan, 
Journal of the Cincinnati Society of Natural 
History 12: 168 (1890). (Figs 4e–f, 13f) 

Basionym: Lycoperdon cyathiforme Bosc, Ges. 
Naturf. Freunde Berlin Mag. 5: 87 (1811). 

Reported synonyms: = Lycoperdon bovista 
Vittad., Fung. Manger.: 264 (1835), non Pers., non Fr. 

= Bovista lilacina Mont. & Berk., London J. Bot. 
4: 64 (1845). 

= Hippoperdon crucibulum Mont., Hist. Phys. 
Cuba, Bot., Pl. Cell.: 319 (1842). 

= Lycoperdon pseudo-lilacinum Speg., Anales 
Soc. Ci. Argent. 17: 85 (1884). 

= Lycoperdon lilacinum (Mont. & Berk.) Massee, 
J. Roy. Microscop. Soc. London 1887: 706 (1887). 

= Calvatia lilacina (Mont. & Berk.) Henn., 
Hedwigia 43: 205 (1904). 

Selected illustrations: Bottomley (1948: Pl. 41, 
Figs 2–3, as C. lilacina); Coker & Couch (1928: Pls. 35, 
36); Cunningham (1943: Pl. 23, Fig. 1); Šmarda in Pilát 
(1958: Fig. 94, as C. lilacina); Smith (1951:Pl. 6, Fig. 1); 
Zeller & Smith (1964: Pl. 1, as C. cyathiformis f. 
cyathiformis). 

Gasterocarp 70–130(–160) mm in 
diameter × 80–130(–200) mm in height, 
obovoid, subglobose, depressed globose, 
broadly obpyriform to turbinate, gradually or 
sharply tapering at the base to a broad 
pseudostipe, rounded or slightly plicate at the 
base, often attached by a thick rhizomorph or a 
thick mycelial pad that is encrusted with 
particles of soil; ostiole lacking, peridia break 
apart to expose the gleba. Exoperidium white to 
off-white at first, becoming light brown to 
brown (7D6–7E6) or remaining white, finally 
turning violet-brown (11E4) to dark magenta 
(13F4) as the peridia begin to disintegrate and 
violaceous spores begin to cover the 
gasterocarp, glabrous to minutely floccose or 
sparsely encrusted with particles of dirt, thin, 
papery, breaking up into small- to medium-
sized irregular-shaped, flaky patches, which 
soon slough off of the upper portions of the 
gasterocarp. Endoperidium violet-brown (11E4) 
to dull violet (15E3) or purplish gray (14E2), 
felted, thin, and fragile, breaking up and 
sloughing off as does the exoperidium. Gleba 
white to off-white and solid at first, becoming 
violet-brown (11E4) to dark magenta (13F4) or 
grayish magenta (13E4), cottony, rather firm, 
and persisting for a long time after the peridial 
layers shed; pieces of the peridia often remain 
attached in random patches. Subgleba dark 
brown (8F5) to violet brown (10F5) in mature 
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specimens, composed of small- to medium-
sized cells (less than 3.0 mm in width). 

Basidiospores globose, 5.6–8.0 × 5.6–8.0 
μm [X̄ = 6.9 ± 0.9 × 6.9 ± 0.9 μm, Qm = 1.0, n = 
20], strongly and densely verrucose, verrucae 
up to 1.0 μm in length, pale brown in water 
mounts, oil drop not apparent; pedicel 
rudimentary and difficult to discern due to the 
verrucae; sterigmal remnants mostly absent 
from mounts. Capillitium of the Calvatia type; 
eucapillitial threads 3.2–6.4 μm diam., thick-
walled (up to 1.0 μm), extremely fragile, pale 
brown to nearly hyaline in water mounts, 
straight to subundulate, occasionally with knob-
like projection, glabrous with abundant small- 
to medium-sized pores, occasionally finely 
encrusted, septate, often breaking at septum, 
sparsely branched (dichotomous when 
occurring). Paracapillitial threads absent. 
Exoperidium composed of thick-walled, 
inflated, elongated, irregular-shaped hyphal 
elements and orbicular, pigmented (pale brown 
in water mounts) sphaerocysts, intertwined with 
fragile, thin- walled, hyaline hyphal elements 
with numerous pores. Endoperidium composed 
of tightly interwoven, thick-walled hyphal 
elements. 

Habitat: Terrestrial and found in open areas, 
disturbed areas, cultivated lawns, meadows, along 
drainage ways, or growing amid leafy debris under 
manzanita (Arctostaphylos pungens), mesquite (Prosopis 
spp.), or oak (Quercus spp.). This species occurs in the 
mid to higher elevations of the state within the Great 
Basin conifer woodland, Madrean evergreen woodland, 
and Petran montane conifer forest biotic communities.  

Distribution: Common in many parts of the 
United States, and previously reported from California, 
Idaho, Michigan, North Dakota, Oklahoma, Pennsylvania, 
Texas, Washington, and West Virginia. Also reported 
from Africa, China, Japan, and South America. 

Material examined: ARIZONA, Coconino Co.: 
Walnut Canyon Nat. Monument, grass, prairie, or desert 
communities, 10 September 1994, J.S. States AEF1176 
(MICH). Santa Cruz Co.: Near Canelo, Coronado Nat. 
Forest, on soil; oak/manzanita scrub forest, 28 October 
2003, S.T. Bates STB00302 (hb. Bates). Yavapai Co.: 
Oak Creek Canyon Village, E Sedona, in Prosopis, at 
drainage to creek, 28 September 1988, J.S. States 
AEF780 (MICH). 

Commentary: With the exception of two 
closely related species, the violaceous gleba of 
C. cyathiformis makes this a rather distinct 

species among puffballs (see comments under 
C. fragilis and C. cf. leiospora). Calvatia 
fragilis has a subgleba that is absent or is 
ruduced and composed of smaller, more 
compact cells. Furthermore, the gasterocarp of 
C. fragilis is often plicate at the base and has 
slightly less verrucose spores. Calvatia cf. 
leiospora can be distinguished as it has 
minutely asperulate rather than verrucose 
spores. The gleba of C. cyathiformis remains 
intact for weeks if not months. Once the gleba 
has worn away, the cup-shaped subgleba (from 
which the specific epithet was derived) can 
persist for a very long time. Herbaria 
collections of this species should be confirmed 
in comparison to C. fragilis as there has been 
some confusion regarding these taxa (see C. 
fragilis for further discussion).  

 
7. Calvatia fragilis (Vittad.) Morgan, Journal 
of the Cincinnati Society of Natural History 12: 
168 (1890).  (Figs 5a–b, 14a) 

Basionym: Lycoperdon fragile Vittad., Monogr. 
Lycoperd.: 36 (1842). 

≡ Calvatia cyathiformis f. fragilis (Vittad.) A.H. 
Sm., Lloydia 27: 150 (1964). 

Reported synonyms: = Calvatia lilacina (Mont. & 
Berk.) Henn., Hedwigia 43: 205 (1904). 

= Lycoperdon novae-zelandiae Lév., Ann. Sci. 
Nat., Bot., Sér. 3, 5: 164 (1846). 

= Bovista cinerea Ellis, Bull. Washburn Coll. Lab. 
Nat. Hist. 1: 40 (1885). 

= Lycoperdon violascens Cooke & Massee, J. Roy. 
Microscop. Soc. London: 706 (1887). 

= Bovista amethystina Cooke & Massee, Grevillea 
16: 69 (1888). 

= Bovista dealbata Berk. ex Massee, J. Bot. 26: 
131 (1888). 

Selected illustrations: Coker & Couch (1928: Pl. 
37); Smith (1951: Pl. 6, Fig. 2); Zeller & Smith (1964: Pl. 
I, as C. cyathiformis f. fragilis). 

Gasterocarp 40–70(–95) mm in diameter 
× 35–60 mm in height, subglobose, depressed 
globose to turbinate, plicate at base, sharply 
tapering to a narrow pseudostipe that is 
occasionally absent or greatly reduced, attached 
by a thick rhizomorph that is encrusted with 
particles of soil; ostiole lacking, peridia break 
apart to expose the gleba. Exoperidium white to 
off-white at first, becoming pale yellow (4A3) 
or remaining white, finally turning violet- 
brown (11E4) as the peridia begin to
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Fig. 5. Calvatia fragilis – AEF1176 (MICH): a) gasterocarp; b) eucapillitial threads (cap.), spores (sp.), and exoperidial 
elements (exo.); Calvatia cf. leiospora – AN014671 (ARIZ): c) eucapillitial threads (cap.), spores (sp.), and exoperidial 
elements (exo.); d) gasterocarps; Calvatia pachyderma – AN014692 (ARIZ): e) gasterocarp; f) eucapillitial threads 
(cap.), spores (sp.), and exoperidial elements (exo.); bars a, d, e = 2 cm; b, c, f = 4 µm. 
 
disintegrate and violaceous spores begin to 
cover the gasterocarp, glabrous to appressed 
floccose, thin, and papery, breaking up into 
small-sized irregular-shaped, flaky patches, 
which soon slough off of the upper portions of 
the gasterocarp. Endoperidium gray to violet-
brown (11E4), felted, thin, and fragile, breaking 
up and sloughing off as does the exoperidium. 
Gleba white to off-white and solid at first, 

becoming grayish magenta (13E3) to dull violet 
(15E3), cottony, rather firm, and persisting for 
a long time after the peridial layers shed, pieces 
of the peridia often remain attached in random 
patches. Subgleba grayish yellow (4B5) to 
yellowish brown (5D6), composed of compact 
cells or absent. 

Basidiospores globose, 6.4–7.2(–8.0) × 
6.4–7.2(–8.0) μm [X̄ = 6.8 ± 0.5 × 6.8 ± 0.5 μm, 
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Qm = 1.0, n = 20], verrucose, verrucae up to 0.8 
μm in length, pale brown in water mounts, oil 
drop not apparent; pedicel rudimentary and 
difficult to discern due to the verrucae; 
sterigmal remnants mostly absent from mounts. 
Capillitium of the Calvatia type; eucapillitial 
threads 3.2–4.0 μm diam., thick-walled (up to 
1.0 μm), extremely fragile, pale brown to nearly 
hyaline in water mounts, straight to subundulate, 
glabrous with abundant small-, or more rarely, 
medium-sized pores, occasionally finely 
encrusted, septate, often breaking at septum, 
sparsely branched (dichotomous when 
occurring). Paracapillitial threads absent. 
Exoperidium composed of thick-walled, 
inflated, elongated, irregular-shaped hyphal 
elements (occasionally branched) and thin-
walled, fragile, hyaline hyphal elements with 
intermittent pores. Endoperidium composed of 
tightly interwoven, thick-walled hyphal 
elements. 

Habitat: Terrestrial and found in open areas, 
meadows, grassy areas within forests, or growing amid 
leafy debris under manzanita (Arctostaphylos pungens), 
pinyon (Pinus edulis), or juniper (Juniperus spp.). This 
species is found throughout Arizona and occurs in the 
mid to higher elevations of the state within the Great 
Basin conifer woodland, interior chaparral, Madrean 
evergreen woodland, and semidesert grassland biotic 
communities. 

Distribution: Common in many parts of the 
United States and previously reported from Idaho, 
Louisiana, Michigan, New Mexico, Oklahoma, Texas, 
Utah and Wyoming. Also reported from Africa, central 
Asia, Australia, Southern Europe and New Zealand. 

Material examined: ARIZONA, Coconino Co.: 
Red Mountain, Hwy. 180 N, Pinus edulis & Juniperus, 
16 December 1986, J.S. States AEF540 (MICH); 
Encinosa Picnic Area, Oak Creek Canyon, in grass, 
prairie, or desert communities, 18 September 1994, J.S. 
States AEF1180 (MICH). Pima Co.: Pima Canyon, Santa 
Catalina Mts., Coronado Nat. Forest, on the ground, 05 
September 1972, R. Halse (ARIZ no number); Santa Rita 
Exp. Range, Santa Rita Mts., Coronado Nat. Forest, on 
ground in a desert grass vegetation, 08 September 1975, 
R.L. Gilbertson RLG11300 (ARIZ); Saguaro Nat. 
Monument, East Unit, on ground in desert, 16 August 
1982, A. Skarshaug (ARIZ AN014673). Santa Cruz Co.: 
6 miles north of Lochiel, under Arctostaphylos pungens, 
30 July 1977, J.P. Lindsey (ARIZ AN014655). 

Commentary: In the field, the smaller size 
and reduced subgleba with compact cells 
distinguish this species from C. cyathiformis. 
Microscopically, there are also very slight 

differences in the euapillitial threads, the degree 
of spore ornamentation, and the composition of 
the exoperidial tissue. This species could also 
be confused with the poorly known Calvatia cf. 
leiospora; however that species can be easily 
distinguished as it has minutely asperulate 
spores that are smaller (4.0–4.8 μm in diam.). 
There continues to be disagreement as to 
whether C. fragilis represents a distinct species. 
Some authors prefer to considered C. fragilis as 
a form of C. cyathiformis (Smith and Zeller, 
1964), while others prefer to synonymize C. 
fragilis under C. cyathiformis (Calonge, 1998). 
The Arizona material can clearly be separated 
into two distinct taxa with markedly different 
spores when observed at high magnification 
under SEM (see Figs 13f, 14a); therefore, we 
agree with Kreisel (1992) and retain C. fragilis 
at the species level until more conclusive 
evidence can be cited.  

 

8. Calvatia cf. leiospora Morgan, Journal of 
the Cincinnati Society of Natural History 18: 39 
(1895). (Figs 5c–d, 14b, 17e) 

Selected illustrations: Morgan (1895: Pl. II). 
Gasterocarp 20–40 mm in diameter × 

20–30 mm in height, obovoid, subglobose to 
depressed globose, sharply tapering toward a 
plicate base, pseudostipe absent or greatly 
reduced; ostiole lacking, peridia break apart to 
expose the gleba. Exoperidium white to off-
white at first, becoming yellowish white (4A2), 
yellowish gray (4B2) to grayish orange (5B4), 
often having small brownish orange to light 
brown (6C7–6D7) patches, glabrous to rugu-
lose, thin, papery, and fragile, breaking up into 
small-sized irregular-shaped, flaky patches, 
which soon slough off of the upper portions of 
the gasterocarp. Endoperidium yellowish white 
(4A2), felted, thin, and fragile, breaking up and 
sloughing off as does the exoperidium. Gleba 
white to off-white and solid at first, becoming 
grayish lilac (16B–C2), cottony and somewhat 
fragile. Subgleba composed of small-sized cells 
(less than 1.0 mm in width) or absent. 

Basidiospores globose, 4.0–4.8 × 4.0–4.8 
μm [X̄ = 4.3 ± 0.4 × 4.2 ± 0.3 μm, Qm = 1.0, n = 
20], minutely asperulate, pale gray-brown to 
nearly hyaline in water mounts, with a central 
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oil drop; pedicel rudimentary; sterigmal 
remnants mostly absent from mounts. 
Capillitium of the Calvatia type, eucapillitial 
threads 2.4–3.2 μm diam., thick-walled, fragile 
to subelastic, pale smoky brown to nearly 
hyaline in water mounts, straight to subundulate, 
glabrous with abundant small- to large-sized 
pores, septate, often inflated at septum, sparsely 
branched (dichotomous when occurring and 
often near septa). Paracapillitial threads absent. 
Exoperidium composed of thick-walled, in-
flated, elongated hyphal elements (occasionally 
branched) or sphaerocysts and fragile hyaline 
hyphal elements. Endoperidium composed of 
tightly interwoven, thick-walled hyphal 
elements. 

Habitat: Terrestrial and found growing amid leafy 
debris under mesquite (Prosopis spp.). This species is 
known from only one collection in Arizona and occurs in 
the lower elevations of the state within the Arizona 
Upland subdivision of the Sonoran desertscrub biotic 
community.  

Distribution: Rare, and previously reported from 
only one collection in South Dakota. Not reported from 
other parts of the world. 

Material examined: ARIZONA, Pima Co.: C.T. 
Mason home, Tucson, under Prosopis sp., 16 August 
1982, C.T. Mason (ARIZ AN014671). 

Commentary: This species is similar in 
size, stature, and appearance to C. fragilis; 
however, that species can be easily 
distinguished by the verrucose spores, 
especially apparent when observed at high 
magnification under SEM (see Figs 5b, 5c, 
14a–b). Zeller and Smith (1964) give a 
description of Morgan’s Calvatia leiospora and 
mention that it has smooth spores (not 
mentioned in the protologue, though implied by 
the illustration), although it is not clear if either 
author ever examined Morgan’s type material 
or any other specimens of this species. The 
specimen described here fits previous 
descriptions in all aspects, except that the ARIZ 
material lacks a prominent sterile base and the 
spores are minutely asperulate rather than 
‘smooth’. As Zeller and Smith suggest, more 
fresh material is needed to redefine this species. 
Confirmation that this specimen (ARIZ

AN014671) is indeed conspecific with 
Morgan’s species awaits examination of the 
holotype; however, it appears that the original 
type material from South Dakota is missing. In 
this case, it would be best to choose a neotype 
from specimens collected in that state.  

 
9. Calvatia pachyderma (Peck) Morgan, 
Journal of the Cincinnati Society of Natural 
History 12: 167 (1890).  (Figs 5e–f, 14c) 

Basionym: Lycoperdon pachydermum Peck, Bot. 
Gaz. 7:54 (1882). 

≡ Langermannia pachyderma (Peck) Kreisel, 
Feddes Repert. 64: 120 (1962). 

Reported synonyms: = Calvatia primitiva Lloyd, 
Mycol. Writings 1(L1): 1 (1904). 

= Gastropila fragilis (Lév.) Homrich & J.E. 
Wright, Mycologia 65: 781 (1973). 

Selected illustrations: Bottomley (1948: Pl. 44, 
Fig. 2). 

Gasterocarp (70–)100–170 mm in 
diameter × 80–140 mm in height, obovoid, 
depressed globose to turbinate, tapering at the 
base to a robust rhizomorph that is encrusted 
with particles of soil; ostiole lacking, peridia 
cracking apart at the apex of the gasterocarp 
exposing the gleba to some extent. Exoperidium 
white to off-white at first, becoming yellowish 
white (4A2) to yellowish gray (4B5), glabrous 
to minutely floccose, thin, developing cracks 
(normally vertical), splitting at the apical 
portions of the gasterocarp and then breaking 
off as large plates. Endoperidium grayish white 
(4B5) and often fading toward white and 
becoming shiny with age, glabrous, thick (up to 
4 mm), and persistent, cracking apart and 
sloughing off in plates as does the exoperidium. 
Gleba white to off-white and solid at first, 
becoming olive-brown (4D7) to light brown 
(6D7), pulverulent and often breaking apart in 
clumps. Subgleba confined to the area of the 
rhizomorph or absent.  

Basidiospores subglobose to ovoid, (4.0–) 
4.8–5.6 × (3.2–)4.0–4.8 μm [X̄ = 5.0 ± 0.4 × 4.4 
± 0.5 μm, Qm = 1.1, n = 20], smooth, yellow in 
water mounts, oil drop not apparent; pedicel 
short (up to 0.8 μm in length); sterigmal 
remnants mostly absent from mounts.
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Capillitium of the Calvatia type; eucapillitial 
threads 4.8–7.2 μm diam., thick-walled (up to 
1.0 μm), extremely fragile, yellow in water 
mounts, straight to subundulate, glabrous with 
abundant small-sized pores, septate, often 
breaking at septum, dichotomous branching 
frequent. Paracapillitial threads absent. 
Exoperidium composed of thick-walled, 
collapsed hyphal elements. Endoperidium 
composed tightly interwoven, thick-walled, 
inflated hyphal elements. 

Habitat: Terrestrial and found in open areas, 
meadows, or at the forest’s edge. This species occurs in 
the mid to higher elevations of the state within the Great 
Basin conifer woodland and Madrean evergreen 
woodland biotic communities.  

Distribution: Known only from the western 
United States, and previously reported from Arizona, 
southern California, Colorado, Oregon and Utah. Also 
reported from Australia, Europe and South America.  

Material examined: ARIZONA, Coconino Co.: 
Garland prairie, in open places, 28 September 1992, J.S. 
States AEF1322 (MICH). Pima Co.: Trail to Douglas 
Springs Camp ground, terrestrial, on granitic soil, 28 
March 2004, S.T. Bates STB00773 (hb. Bates). Santa 
Cruz Co.: Canelo Hills, on ground, 01 February 1976, 
collector unknown (ARIZ AN014692). 

Commentary: Calvatia pachyderma is a 
distinctive medium to large size puffball found 
in Arizona. The glabrous, thick peridium, 
smooth spores, and manner of dehiscence 
distinguish this species from all others. More 
robust specimens of C. craniiformis could 
possibly be confused with C. pachyderma; 
however, the peridium of that species is thinner 
and more fragile.  

 
10. Calvatia aff. rugosa (Berk. & M.A. Curtis) 
D.A. Reid, Kew Bulletin 31: 671 (1977).  
  (Figs 6a–b, 14d) 

Basionym: Lycoperdon rugosum Berk. & M.A. 
Curtis, J. Linn. Soc., Bot. 10: 345 (1868). 

Reported synonyms: = Bovista cisneroi Speg., 
Anales Soc. Ci. Argent.  12: 248 (1881). 

= Lycoperdon rubro-flavum Cragin, Bull. 
Washburn Coll. Lab. Nat. Hist. 1: 30 (1885). 

= Bovista antarctica Speg., Fungi Patagonici: 24 
(1887). 

= Calvatia rubroflava (Cragin) Morgan, J. 
Cincinnati Soc. Nat. Hist. 12: 171 (1890). 

= Calvatia aurea Lloyd, Mycol. Writings 1: 11 
(1899). 

= Calvatia candida var. rubroflava (Cragin) G. 
Cunn., Proc. Linn. Soc. New South Wales 51: 368 (1926). 

Selected illustrations: Coker & Couch (1928: Pls. 
33, 34); Zeller & Smith (1964: Pl. XIII). 

Gasterocarp 20–60(–100) mm in 
diameter × 15–50 mm in height, subglobose, 
depressed globose to turbinate, sharply tapering 
to a pointed base with one or more rhizomorphs 
that are encrusted with particles of soil; ostiole 
lacking, peridia break apart to expose the gleba. 
Exoperidium grayish orange (6B6) to orange 
(5–6A6), glabrous to minutely floccose, thin, 
and papery, breaking up into small-sized 
irregular-shaped, flaky patches that soon slough 
off of the upper portions of the gasterocarp. 
Endoperidium grayish orange (6B6), felted, 
thin, and fragile, breaking up and sloughing off 
as does the exoperidium. Gleba brownish 
yellow (5C7), cottony, rather firm, persisting 
for a long time after the peridial layers shed, 
pieces of the peridia often remain attached in 
random patches. Subgleba brownish yellow 
(5C7), composed of compact cells or absent.  

Basidiospores globose to subglobose, 
4.0–4.8 × (3.2–)4.0–4.8 μm [X̄ = 4.5 ± 0.4 × 4.3 
± 0.5 μm, Qm = 1.1, n = 20], echinate, hyaline 
to yellow in water mounts, in KOH yellow 
pigments become soluble, oil drop not apparent; 
pedicel short (up to 1.6 μm in length); sterigmal 
remnants mostly absent from mounts. 
Capillitium of the Calvatia type; eucapillitial 
threads 3.2–4.8 μm diam., thick-walled (up to 
1.0 μm), extremely fragile, nearly hyaline in 
water mounts, straight to subundulate, glabrous 
with abundant medium- to large-sized pores, 
septate, slightly inflated at septum, sparsely 
branched (dichotomous when occurring). 
Paracapillitial threads absent. Exoperidium 
composed of thick-walled, inflated, elongate, 
irregular-shaped hyphal elements (occasionally 
branched). Endoperidium composed of thick-
walled collapsed hyphal elements.  

Habitat: Terrestrial and found in open areas, 
meadows, or growing amid leafy debris under oak 
(Quercus spp.). This species occurs in the mid to higher 
elevations of the state within the Great Basin conifer 
woodland, Madrean evergreen woodland, and semidesert 
grassland biotic communities.  
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Fig. 6. Calvatia aff. rugosa – ERC131 (ARIZ): a) gasterocarps; b) eucapillitial threads (cap.), spores (sp.), and 
exoperidial elements (exo.); Disciseda candida – STB00304 (hb. Bates): c) eucapillitial threads (cap.), spores (sp.), and 
endoperidial hyphae (end.); d) gasterocarps; Disciseda cervina – STB00484 (hb. Bates): e) gasterocarps; f) eucapillitial 
threads (cap.), spores (sp.), and endoperidial hyphae (end.); bars a, d, e = 2 cm; b, c, f = 4 µm. 
 

Distribution: Common in many parts of the 
United States, and previously reported from Iowa, 
Maryland, Ohio, Tennessee and Texas. Also reported 
from Africa, Australia, Caribbean, Central America, 
China, Europe, Japan and South America. 

Material examined: ARIZONA, Pima Co.: Above 
Sabino Canyon Dam, Santa Catalina Mts., Coronado Nat. 
Forest, on the ground, 07 September 1972, R. Halse 

(ARIZ AN014555). Santa Cruz Co.: Nature Conservancy 
Reserve, Patagonia, Sonoita Creek, on ground, 02 
October 1970, R.L. Gilbertson (ARIZ AN014553); 
N.C.R. Patagonia, 15 October 1970, R.L. Gilbertson 
(ARIZ AN014651); Patagonia, on soil, 15 October 1970, 
D.C. Rhodes (ARIZ AN014554); Patagonia Hwy., 
Sonoita Creek, on soil, 15 October 1970, E.R. Canfield 
(ARIZ AN014644). 
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Commentary: This is the only species of 
small- to medium-sized puffballs found in 
Arizona in which an intense orange coloration 
is evident in dried material. Further study is 
required before the precise identity of this 
species, which has a clear affinity to Calvatia 
rugosa, can be determined. Calvatia rubroflava 
is a name commonly used in the U.S. for a 
species that has smooth to asperulate spores, 
orange coloration when mature, and yellow 
staining flesh when immature. Though that 
name is perhaps more descriptive, Reid (1976) 
synonymized the taxon with Lycoperdon 
rugosum of Berkley and Curtis under C. rugosa. 
Cragin (1885) cites “smooth” spores in the 
protologue of L. rubroflavum and Berkley and 
Curtis (1869) describe the spores of L. rugosum 
as, “luteis glabris.” Reid states that the spores 
of C. rugosa are, “minutely echinulate”; 
however, his illustration clearly depicts 
echinate spores. Distinct echinae can be seen in 
the spores of our specimen under SEM (Fig. 
14d). Our material, therefore, appears to be 
closely allied with the specimen that is 
illustrated by Reid, which may represent a 
taxon that has yet be described.  

Brown colored specimens of Calvatia aff. 
rugosa could be confused with C. craniiformis; 
however, that species has spores that are less 
ornamented and exoperidial tissue with a 
different composition. In addition, the 
capillitium and spores of C. craniiformis are 
brownish yellow in water mounts rather than ± 
hyaline as is the case for Calvatia aff. rugosa.  

 
Disciseda Czern., Bulletin de la Société 

Imperiale des Naturalistes de Moscou 18: 153 
(1845). 

Type species: Disciseda collabescens 
Czern., Bull. Soc. Imp. Naturalistes Moscou 18: 
153 (1845, as ‘collabascens’). 

 
11. Disciseda candida (Schwein.) Lloyd, 
Mycological Notes 1: 100 (1902).  

(Figs 6c–d, 14e) 
Basionym: Bovista candida Schwein., Schr. 

Naturf. Ges. Leipzig 1: 59 (1822). 
Reported synonyms: = Bovista circumscissa Berk. 

& M.A. Curtis, Grevillea 2: 50 (1873). 

= Catasoma circumscissa (Berk. & M.A. Curtis) 
Morgan, J. Cincinnati Soc. Nat. Hist. 14: 143 (1892). 

= Disciseda circumscissa (Berk. & M.A. Curtis) 
Hollós, Termes. Füz. 25: 102 (1902). 

= Disciseda calva (Z. Moravec) Z. Moravec in 
Pilát, Fl. ČSR; Gasteromycetes: 384 (1958). 

Selected illustrations: Bottomley (1948: Pl. 64, 
Figs 1–2); Calonge (1992: Fig. 20f); Smith (1951: Pl. 21, 
Fig. 1). 

Gasterocarp 10–25 mm in diameter × 4–
15 mm in height, globose, subglobose to 
depressed globose, basal portions (once apical, 
see commentary) covered by remnants of the 
exoperidium, that forms a thick mycelial pad, 
heavily encrusted with plant matter and 
particles of sand or soil; ostiole small- to 
medium-sized, orbicular to irregular-shaped 
and torn, fimbriate. Exoperidium color difficult 
to discern as the exoperidium is heavily 
encrusted; mycelial mat white to off-white to 
grayish orange (5B3–4), roughened by 
encrusted debris. Endoperidium white to off-
white, “Pale Mouse Gray” to “Pale Smoke 
Gray”, coriaceous, persistent, apical portions 
glabrous, or occasionally rimulose, basal 
portions with prominent ridges, felted to 
flocculent, forming a reticulate pattern that 
remains after a translucent watery layer 
becomes desiccated. Gleba light brown (6D4–5) 
to brown (6E5–6), cottony at first, soon 
becoming pulverulent. Subgleba absent. 

Basidiospores globose, 4.0–5.6(–6.4) × 
4.0–5.6(–6.4) μm [X̄ = 5.0 ± 0.6 × 5.0 ± 0.6 μm, 
Qm = 1.0, n = 20], asperate to verruculose, 
yellowish brown in water mounts, with a 
central oil drop; pedicel short (up to 0.8 μm in 
length) or absent; sterigmal remnants mostly 
absent from mounts. Capillitium of the Calvatia 
type; eucapillitial threads 4.0–10.4 μm diam., 
thick-walled (up to 1.0 μm), extremely fragile, 
pale brown in water mounts, straight to 
undulate, glabrous with small- to medium-sized 
pores, rarely finely encrusted, septate, often 
breaking at septum, occasionally with 
dichotomous branching; tips rounded. 
Paracapillitial threads occasionally present, 
not abundant, septate. Exoperidium composed 
of hyphal elements interwoven with plant 
matter an particles of sand or soil. 
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Endoperidium composed of thick and thin-
walled hyphal elements. 

Habitat: Terrestrial and found in grassy areas or 
growing amid leafy debris under mesquite (Prosopis 
spp.), oak (Quercus spp.), or Ponderosa pine (Pinus 
ponderosa). This species occurs in the higher elevations 
of the state within the Great Basin conifer woodland and 
Petran montane conifer forest biotic communities. 

Distribution: Know from many parts of the United 
States, and previously reported from Nebraska, New 
Jersey, North Carolina, Ohio, South Carolina and 
Virginia. Also reported from Australia, New Zealand, 
South Africa and South America. 

Material examined: ARIZONA, Coconino Co.: 
Hochderffer Hill on FR 151 of off Hwy. 180, near 
Flagstaff, 17 May 2003, S.T. Bates STB00343 (hb. 
Bates). Gila Co.: S of Payson on Hwy. 87 (eastside), 21 
February 2003, S.T. Bates STB00186 (hb. Bates). Santa 
Cruz Co.: Near Canelo, Coronado Nat. Forest, 24 March 
2003, S.T. Bates STB00303 (hb. Bates); Near Canelo, 
Coronado Nat. Forest, 24 March 2003, S.T. Bates 
STB00304 (hb. Bates). 

Commentary: Disciseda species mature 
partially submerged beneath the surface of the 
soil. With desiccation, the fruiting body 
disassociates from the lower portion of the 
exoperidium that is beneath the soil. If 
disturbed, the detached fruiting body will turn 
over. The basal portion of the endoperidium 
then becomes exposed and an ostiole, which 
has developed there, is then visible at what is 
now the ‘apex’ of the gasterocarp. The portion 
of the exoperidium that had covered the apical 
parts of the submerged gasterocarp remains 
attached; however, once the fruiting body has 
turned over this remnant is found at the ‘base’. 
The common name ‘topsy-turvy puffball’ has 
been coined describing this distinct mode of 
development and ‘acorn puffball’, which refers 
to the general appearance of the gasterocarp, 
has also been used to describe this unique 
puffball.  

Disciseda candida is easily distinguished 
macroscopically by the ‘spongy layer’ that 
forms a reticulate pattern at the ‘base’ of the 
gasterocarp. With careful observation, this 
character is noticable in previous illustrations 
(e.g., Bottomley, 1948; Coker and Couch, 1928; 
Smith, 1951). All other Disciseda species lack 
the ‘basal’ reticulate pattern produced by the 
spongy layer. This species is characterized 
microscopically by asperate to verruculose, 

apedicellate spores that are 4.0–5.6(–6.4) μm in 
diameter and a typical Calvatia type capillitium. 

 
12. Disciseda cervina (Berk.) Hollós, 

Növénytani Közlemények 1: 107 (1902).  
(Figs 6e–f, 14f) 

Basionym: Bovista cervina Berk., Ann. Nat. Hist. 
9: 447 (1842). 

Reported synonyms: = Catastoma magnum Lloyd, 
Mycol. Writings 5: 631 (1917). 

Selected illustrations: Cunningham (1944: Pl. 
XVII, Fig. 8). 

Gasterocarp 10–18 mm in diameter × 
10–14 mm in height, globose, subglobose to 
depressed globose, basal portions (once apical, 
see comments under D. candida) partially 
covered by exoperidial remnants that form a 
small- to medium-sized, thick mycelial pad that 
is encrusted with plant matter and particles of 
sand or soil; ostiole small- to medium-sized, 
orbicular to irregular-shaped and torn, fimbriate. 
Exoperidium color difficult to discern as the 
exoperidium is heavily encrusted; mycelial mat 
white to off-white to grayish orange (5B3–4), 
roughened by encrusted debris. Endoperidium 
white to off-white, “Pale Smoke Gray”, “Light 
Violet-Plumbeous”, orange-gray (5–6B2), 
grayish orange (5B3), brownish orange (5C3–4) 
to brownish gray (6C2), glabrous to minutely 
floccose, occasionally rimulose, coriaceous, 
persistent. Gleba brownish orange (5C4–5) to 
yellowish brown (5D5–6) to light brown (6D4–
5), cottony at first, soon becoming pulverulent. 
Subgleba absent. 

Basidiospores globose to subglobose, 
4.0–5.6 × 4.0–5.6 μm [X̄ = 4.7 ± 0.7 × 4.7 ± 0.7 
μm, Qm = 1.0, n = 20], smooth to asperulate, 
yellowish brown in water mounts, with a 
central oil drop; pedicel short (up to 0.8 μm in 
length); sterigmal remnants mostly absent from 
mounts. Capillitium of the Calvatia type; 
eucapillitial threads 4.0–5.6 μm diam., thick-
walled (up to 0.8 μm), extremely fragile, pale 
brown in water mounts, straight to undulate, 
glabrous with infrequent small-sized pores, 
occasionally finely encrusted, septate, often 
breaking at septum, dichotomous branching 
occasional; tips rounded. Paracapillitial 
threads absent. Exoperidium composed of 
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hyphal elements interwoven with particles of 
plant matter or particles of sand or soil. 
Endoperidium composed of thick and thin-
walled hyphal elements. 

Habitat: Terrestrial and found in soil or growing 
amid needle debris under juniper (Juniperus spp.) or 
pinyon (Pinus edulis). This species occurs in the higher 
elevations of the state within the Great Basin conifer 
woodland biotic community. 

Distribution: Reported previously from North 
America. Also reported from Australia, New Zealand and 
South Africa. 

Material examined: ARIZONA, Coconino Co.: 
Navajo Mountain, site 56C, 22 October 1972, J.S. States 
AEF1355b (MICH). Mohave Co.: Near the N Rim of the 
Grand Canyon; Parashant Nat. Monument, 21 May 2003, 
S.T. Bates STB00484 (hb. Bates). 

Commentary: This species is similar to 
other small Disciseda species with gray 
endoperidia. Disciseda candida can be 
distinguished macroscopically from D. cervina 
in that it exhibits a reticulate ‘spongy layer’ at 
the ‘base’ of the gasterocarp. Specimens with a 
gray endoperidium, smooth to asperate spores 
that lack pedicels are D. anomala (not reported 
from the United States) if the gasterocarp 
exhibits a tubular ostiole, or are D. cervina if 
the ostiole is fimbriate. The endoperidium of 
Disciseda cervina is often tinted purple. 

 
13. Disciseda hyalothrix (Cooke & Massee) 
Hollós, Növénytani Közlemények 1: 107 
(1902).  (Figs 7a–b, 15a) 

Basionym: Bovista hyalothrix Cooke & Massee, 
Grevillea 16: 73 (1888). 

≡ Catastoma hyalothrix (Cooke & Massee) Lloyd, 
Lycoperd. Australia: 27 (1905). 

Reported synonyms: = Catastoma pedicellatum 
Morgan, J. Cincinnati Soc. Nat. Hist. 14: 143 (1892). 

= Disciseda pedicellata (Morgan) Hollós, 
Termeszetrajzi Fuzetek 25: 103 (1902).  

Selected illustrations: Bottomley (1948: Pl. 64, 
Fig. 3); Coker & Couch (1928: Pl. 80 “center”); 
Cunningham (1943: Pl. 18, Fig. 4). 

Gasterocarp 10–34 mm in diameter × 7–
20 mm in height, subglobose, depressed 
globose to discoid, basal portions (once apical, 
see comments under D. candida) covered by 
exoperidial remnants that form a medium- to 
large-sized, thick mycelial pad that is heavily 
encrusted with plant matter and particles of 
sand or soil; ostiole small- to medium-sized, 
orbicular to irregular-shaped and torn, fimbriate. 

Exoperidium color difficult to discern as the 
exoperidium is heavily encrusted; mycelial mat 
white to off-white to grayish orange (5B3–4), 
roughened by encrusted debris. Endoperidium 
brownish gray (5C2), grayish brown (6D–E3), 
brown (6E4) to dark brown (6F4–8), glabrous 
to minutely floccose, occasionally partially 
covered with small, flaky patches that are 
lightly encrusted with particles of soil, 
subcoriaceous, persistent. Gleba yellowish 
brown (5E4–6), brown (6E4–5) to grayish 
brown (6E3), cottony at first, soon becoming 
pulverulent. Subgleba absent. 

Basidiospores globose, (6.4–)8.0–10.4 × 
(6.4–)8.0–10.4 μm [X̄ = 8.6 ± 1.1 × 8.6 ± 1.1 
μm, Qm = 1.0, n = 20], strongly verrucose, 
verrucae up to 1.6 μm in length, yellowish 
brown in water mounts, oil drop difficult to 
discern; pedicel long (5.6–16.8 μm); sterigmal 
remnants mostly absent from mounts. 
Capillitium of the Calvatia type; eucapillitial 
threads 2.4–4.8 μm diam., thick-walled (up to 
0.8 μm), extremely fragile, pale brown in water 
mounts, straight to undulate, glabrous with 
infrequent small- to medium-sized pores, 
occasionally finely encrusted, septate, often 
breaking at septum, dichotomous branching 
occasional; tips rounded. Paracapillitial 
threads absent. Exoperidium composed of 
thick-walled hyphal elements and orbicular 
sphaerocysts interwoven with particles of plant 
matter or particles of sand or soil. 
Endoperidium composed of thick and thin-
walled hyphal elements. 

Habitat: Terrestrial and found on cultivated grass 
lawns in urban areas. This species occurs in the lower 
elevations of the state within the Arizona Upland 
subdivision of the Sonoran desertscrub biotic community. 

Distribution: Known from the southern United 
States, and previously reported from Alabama and South 
Carolina. Also reported from Australia, Europe and 
South Africa. 

Material examined: ARIZONA, Coconino Co.: 
Tucson, 17 March 1971, R.L. Gilbertson (ARIZ 
AN014562). 

Commentary: The brown colored, 
subcoriaceous endoperidium with fimbriate 
ostiole are characteristic of D. hyalothrix. 
Microscopically the large spores (8.0–10.4 μm) 
and long pedicel (5.6–16.8 μm) readily
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Fig. 7. Disciseda hyalothrix – AN014562 (ARIZ): a) gasterocarps; b) eucapillitial threads (cap.), spores (sp.), 
endoperidial hyphae (end.), and exoperidial elements (exo.); Disciseda verrucosa – STB00120 (hb. Bates): c) 
eucapillitial threads (cap.), spores (sp.), and endoperidial hyphae (end.); d) gasterocarps; Holocotylon brandegeeanum – 
STB00111 (hb. Bates): e) gasterocarps; f) spores (sp.), endoperidial hyphae (end.), and exoperidial elements (exo.); bars 
a, d, e = 2 cm; b, c, f = 4 µm. 
 
distinguish this species. Disciseda 
juglandiformis and D. castanea are other 
species having spores with a long pedicel; 
however, none of these species has been 
reported from the United States. Known from 
South Africa, D. juglandiformis has coarsely 

verruculose spores with very long pedicels (60–
70 μm in length), and a dark brown peridium. 
Disciseda castanea, also described from South 
Africa, has smooth spores with long pedicels 
and a black colored endoperidium. All other 
Disciseda species known from Arizona and 
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other parts of the the world have short-
pedicellate or apedicellate spores. 

 
14. Disciseda verrucosa G. Cunn., 
Transactions and Proceedings of the New 
Zealand Institute 57: 205 (1926). 
  (Figs 7c–d, 15b) 

Reported synonyms: = Disciseda arida Velen., 
Novitates Mycologicae: 169 (1939). 

Selected illustrations: Moravec in Pilát (1958: Fig. 
124a, as D. arida). 

Gasterocarp 8–20 mm in diameter × 9–
17 mm in height, globose, subglobose, 
depressed globose to discoid, basal portions 
(once apical, see comments under D. candida) 
covered by exoperidial remnants that form a 
medium- to large-sized, thick mycelial pad that 
is heavily encrusted with plant matter and 
particles of sand or soil; ostiole small- to 
medium sized, often slightly upturned at the 
rim. Exoperidium color difficult to discern as 
the exoperidium is heavily encrusted; mycelial 
mat white to off-white to grayish orange (5B3–
4), roughened by encrusted debris. 
Endoperidium white to off-white to “Pale 
Mouse Gray”, glabrous, minutely floccose to 
minutely verruculose, occasionally rimulose, 
coriaceous, persistent. Gleba brownish orange 
(6C4–5) to light brown (6D4–6), cottony at first, 
soon becoming pulverulent. Subgleba absent. 

Basidiospores globose, (8.0–)8.8–12.0(–
12.8) × (8.0–)8.8–12.0(–12.8) μm [X̄ = 10.4 ± 
1.4 × 10.4 ± 1.4 μm, Qm = 1.0, n = 20], strongly 
verrucose, verrucae up to 1.6 μm in length, 
yellowish brown in water mounts, oil drop 
difficult to discern; pedicel short (up to 0.8 μm 
in length), often difficult to discern amid the 
verrucae; sterigmal remnants mostly absent 
from mounts. Capillitium of the Calvatia type; 
eucapillitial threads 2.4–5.6 μm diam., thick-
walled (up to 0.8 μm), extremely fragile, pale 
brown in water mounts, straight to undulate, 
glabrous with infrequent small- to medium-
sized pores, occasionally finely encrusted, 
septate, often breaking at septum, dichotomous 
branching occasional; tips rounded. 
Paracapillitial threads absent. Exoperidium 
composed of hyphal elements interwoven with 
particles of plant matter or particles of sand or 

soil. Endoperidium composed of thick and thin-
walled hyphal elements. 

Habitat: Terrestrial and found in open areas, often 
in sandy or granitic soils, or growing amid the leafy 
debris under foothills palo verde (Cercidium 
microphyllum) juniper (Juniperus spp.), mesquite 
(Prosopis spp.), or pinyon (Pinus edulis). This species 
occurs in the lower elevations of the state within the 
Arizona Upland and Lower Colorado River Valley 
subdivisions of the Sonoran desertscrub biotic 
communities.  

Distribution: Recently reported for the first time 
from the United States (Bates, 2006). Previously reported 
from Australia, Europe, Mexico, New Zealand and South 
Africa.  

Material examined: ARIZONA, Coconino Co.: 
Navajo Mountain, 18 May 1983, J.S. States AEF828 
(MICH). Maricopa Co.: On flood planes leading down to 
Sycamore Creek, ~ 5 mi in FR 402 off of Hwy. 87; near 
Sugar Loaf Mountain, 15 August 2002, S.T. Bates 
STB00085 (hb. Bates); Estrella Mountain Park near 
Goodyear, 20 January 2003, S.T. Bates STB00120 (hb. 
Bates). Pima Co.: In desert 10 mi north of Three Points, 
Altar Valley, 19 April 1973, R.L. Gilbertson RLG10955 
(ARIZ). 

Commentary: Disciseda verrucosa is 
outwardly very similar to other Disciseda 
species with verrucose, short-pedicellate or 
apedicellate spores; however, these can be 
distinguished fairly easily if a combination of 
macro- and microscopic characters is used. 
Species with strongly verrucose spores that are 
10.0–12.5 μm in diameter and a brown colored 
endoperidium are D. muelleri. Species with 
verrucose spores that are 6.0–8.0 μm in 
diameter and have a gray colored endoperidium 
are D. bovista. Species with a gray colored 
endoperidium that have verrucose spores (7.0–
9.0 μm in diam.) with truncate verrucae are 
Disciseda hypogaea. Disciseda bovista, D. 
hypogaea, and D. muelleri have not been 
reported from Arizona.  

It should be stressed that the genus 
Disciseda, as a whole, is in need of taxonomic 
revision due to disparity in published 
descriptions, the recognition of significant 
variability within some species and even a 
single fruiting body (Mitchel et al., 1975), the 
possibility of hybridization within the group 
(Calonge, 1998), and the fact that sufficient 
material has not been collected for some 
species. One recent study (Moreno et al., 2003)
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examined the spores of type material under 
SEM and, based on their findings, synonymized 
certain taxa (D. arida = D. verrucosa and D. 
pedicellata = D. hyalothrix). It is likely that 
other species within the genus, included some 
mentioned here, will also follow suit as more 
data, including gene sequences, become 
available.  

Holocotylon Lloyd, Mycological 
Writings 2: 254 (1906). 

Type species: Holocotylon brandegeea-
num Lloyd. 

 
15. Holocotylon brandegeeanum Lloyd, 
Mycological Notes 2: 254 (1906).  

(Figs 7e–f, 15c) 
Reported synonyms: = Holocotylon mexicanum 

Lloyd, Mycol. Writings 2(L.17): 1 (1907). 
Selected illustrations: Lloyd (1906: Pl. 74, Figs 

5–7). 
Gasterocarp 5–15 mm in diameter × 4–

21 mm in height, globose, subglobose, 
depressed globose to broadly obpyriform, 
plicate at base, attached by a short, thin, white, 
branching rhizomorph, encrusted with particles 
of soil; ostiole lacking, peridia tearing open or 
breaking apart into many pieces, exposing the 
gleba. Exoperidium white to off-white, 
yellowish white (3A2), yellowish gray (3B2) to 
dull yellow (3B3–4), glabrous to rugulose; thin 
and fragile, composed of tighly appressed 
flocculence that firmly adheres to the 
endoperidium, persistent, only occasionally 
wearing away with age to reveal the 
endoperidium (normally only on the basal 
portions of the gasterocarp), or breaking apart 
to reveal the gleba (generally on the apical 
portions). Endoperidium yellowish gray (4B2) 
to grayish yellow (4B3–4), felted, thin, and 
fragile, occasionally breaking apart as does the 
exoperidium. Gleba grayish yellow (4B3–4 to 
4C4–6) to olive-brown (4D5–6), composed of 
labyrinthiform, sinuous tramal plates, forming 
numerous locules, the interior of which is a 
hymenial surface covered with spores, and an 
exterior composed of gray colored, membrana-
ceous hyphal tissue comprising the tramal 
plates. Subgleba normally absent or if present, 
then white to yellowish white (3A2) and

composed of small- to medium-sized cells.  
Basidiospores subglobose to ovoid, 4.0–

5.6 × 4.0–4.8 μm [X̄ = 5.0 ± 0.6 × 4.5 ± 0.4 μm, 
Qm = 1.1, n = 20], smooth to minutely 
asperulate, yellow in water mounts, with a 
central oil drop; pedicel (0.8–8.0 μm in length, 
occasionally longer, up to 16.0 μm); sterigmal 
remnants mostly absent from mounts. 
Capillitium absent. Exoperidium and endo-
peridium composed of thin-walled hyphal 
elements.  

Habitat: Terrestrial and found in grassy areas, 
pastures, or rocky areas growing in the grass among the 
rocks. This species occurs in the lower to higher 
elevations of the state within the Arizona Upland 
subdivision of the Sonoran desertscrub, Madrean 
evergreen woodland, Petran montane conifer forest, 
Petran subalpine conifer forest, and semidesert grassland 
biotic communities. 

Distribution: In the United States, only known 
from the Southwest. Also reported from Mexico. 

Material examined: ARIZONA, Apache Co.: 
Hawley Lake; White Mountain Apache reservation, near 
McNary, 11 August 2002, L. Theriot STB00111 (hb. 
Bates); ~35 ft. in on the N side of road leading to corral, 
off of FR 116, ~1 mi in from Hwy. 273, Big Lake area, 
16 August 2002, S.T. Bates STB00089 (hb. Bates); ~50 
ft. N of parking lot (parallel to road) to trailhead of Tr. 
627 off of FR 249E, Big Lake area, 16 August 2002, S.T. 
Bates STB00090 (hb. Bates). Greenlee Co.: Hannigan’s 
Meadow exact location unknown, 17 August 2002, S.T. 
Bates STB00110 (hb. Bates). Pima Co.: Near C.T. 
Mason residence, Tucson, 26 August 1988 RLG16358 
(ARIZ). Pinal Co.: Oracle, 10 September 1917, W.H. 
Long WHL8915 (BPI). MEXICO: Culican, T.S. 
Brandegee (BPI 711757, Type); Tacaupan, T.S. 
Brandegee (BPI 711758, Type of H. mexicanum). 

Commentary: Holocotylon brandegeea-
num is a poorly known puffball, first described 
by C.G. Lloyd in 1906, that can be encountered 
in grassy areas in the Southwest. This species is 
small, rather fragile, and has a white to off-
white endoperidium. The gleba is quite distinct 
having labyrinthiform, sinuous tramal plates, 
that form numerous locules. In this aspect, it is 
reminiscent of the gleba of a Lycoperdon 
species early in its ontogeny. Microscopically, 
H. brandegeeanum lacks a capillitium, a very 
rare characteristic for a species within the 
Lycoperdaceae, and has subglobose to ovoid, 
nearly smooth spores, often having attached 
pedicels of varying lengths. Superficially, this
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species strongly resembles Arachnion album 
(not reported from Arizona); however, that 
species is unmistakable with its numerous small 
peridioles that comprise the gleba. Holocotylon 
brandegeeanum might also be mistaken for 
Bovista aestivalis or L. cf. dermoxanthum; 
however, those species exhibit capillitial 
threads that impart a ‘cottony’ appearance to 
the gleba.  

Lycoperdon L.: Pers., Sp. Pl 2: 1183 
(1753). 

Type species: Lycoperdon perlatum Pers.: 
Pers., Obs. Mycol. 1: 4 (1796) 

 
16. Lycoperdon cf. dermoxanthum Vittad., 
Monographia Lycoperdineorum: 34 (1842). 

(Figs 8a–b, 15d) 
≡ Bovista dermoxantha (Vittad.) De Toni, Syll. 

Fung. 7: 100 (1888). 
≡ Globaria dermoxantha (Vittad.) Quél., C.R. Ass. 

Franç. Av. Sci. 13: 283 (1885). 
Reported synonyms: = Bovista pusilla (Batsch: 

Pers.) Pers., Syn. Meth. Fung.: 138 (1801), sensu Kreisel 
pro parte (1967), non Pers. 

= Lycoperdon hungaricum Hollós, Math. 
Termeszettud. Ertes. 19: 510 (1901). 

Selected illustrations: Calonge (1992: Fig. 11a); 
Moyersoen & Demoulin (1996: Fig. 26, photos 47–56); 
Hollós (1904: Pl. XXI, Fig. 48–51).  

Gasterocarp 10–35 mm in diameter × 
10–40 mm in height, globose, subglobose to 
depressed globose, slightly plicate at base, 
tapering to a single or branching, thin, often 
minute, rhizomorph that is encrusted with 
particles of soil; ostiole slow to develop, 
medium-sized, orbicular, irregular-shaped to 
torn. Exoperidium white to off-white at first, 
becoming yellowish white (3A2), pale yellow 
(3A3), yellowish gray (3B2) to dull yellow 
(3B3–4), minutely verruculose to verruculose; 
verrucae thin, fragile, sub-flocculent, often 
raised, sloughing off slowly, wearing away to 
reveal the endoperidium with weather and age. 
Endoperidium pale yellow (3A3), yellowish 
gray (3B2) to dull yellow (3B3–4), glabrous, 
papery, dull, persistent. Gleba grayish yellow 
(4B–C3–5) to olive (3D4–5), cottony. Subgleba 
grayish yellow (4B3–4), minute and composed 
of compact cells. 

Basidiospores globose, 4.0–4.8 × 4.0–4.8 
μm [X̄ = 4.6 ± 0.4 × 4.6 ± 0.4 μm, Qm = 1.0, n = 
20], asperate to verruculose, hyaline to yellow 
in water mounts, with a central oil drop; pedicel 
short (up to 0.8 μm); sterigmal remnants 
mostly absent from mounts. Capillitium of the 
Lycoperdon type; eucapillitial threads 4.0–6.4 
μm diam., thick-walled (up to 0.8 μm), elastic, 
yellow in water mounts, straight to subundulate, 
glabrous with abundant small- to medium-sized 
pores (occasionally large), aseptate, occasional 
dichotomous branching; tips narrow, attenuate. 
Paracapillitial threads absent. Exoperidium 
composed of thick-walled, inflated elements 
and orbicular sphaerocysts. Endoperidium 
composed of tightly interwoven, thick-walled 
hyphal elements. 

Habitat: Terrestrial and found growing on soil 
under juniper (Juniperus spp.) or in open areas of 
pinyon/juniper/oak woodland. This species occurs in the 
mid to higher elevations of the state within the Great 
Basin conifer woodland biotic community. 

Distribution: Due to the confusion surrounding 
this taxon (see comments here as well as under B. 
aestivalis), it is difficult to precisely determine its 
distribution in the United States; however, it may be 
widespread. Also reported from Europe, and may be 
present in Africa, Australia, Britain and China. 

Material examined: ARIZONA, Mohave Co.: Mt. 
Trumbell; Parashant Nat. Monument, 22 March 2003, 
S.T. Bates STB00624 (hb. Bates). 

Commentary: Superficially, L. cf. 
dermoxanthum, along with B. aestivalis, could 
be confused with other species of small 
puffballs found in the state (see B. aestivalis for 
further discussion). Externally, Holocotylon 
brandegeeanum looks very much like L. cf. 
dermoxanthum; however, that species can be 
distinguished by cutting a cross section through 
the gasterocarp to observe the gleba. 
Lycoperdon cf. dermoxanthum has a cottony 
gleba filled with eucapillitial threads, whereas 
H. brandegeeanum exhibits a gleba with 
labyrinthiform, sinuous tramal plates that form 
numerous locules (see H. brandegeeanum for 
further discussion). Vascellum texense could 
also be confused with L. cf. dermoxanthum; 
however, that species has fragile peridia and 
lacks eucapillitial threads, having only
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Fig. 8. Lycoperdon cf. dermoxanthum – STB00624 (hb. Bates): a) gasterocarp; b) eucapillitial threads (cap.), spores 
(sp.), and exoperidial elements (exo.); Lycoperdon lividum – WHL7964 (BPI): c) eucapillitial threads (cap.), spores (sp.), 
and exoperidial elements (exo.); d) gasterocarps; Lycoperdon marginatum – STB00070 (hb. Bates): e) gasterocarps; f) 
eucapillitial threads (cap.), spores (sp.), and exoperidial elements (exo.); bars a, d, e = 2 cm; b, c, f = 4 µm. 
 
abundant paracapillitial threads (see V. texense 
for further discussion).  

 
17. Lycoperdon lividum Pers., Journal de 
Botanique 2: 18 (1809).  (Figs 8c–d, 15e) 

Reported synonyms: = Lycoperdon spadiceum 
Pers., J. Bot. (Desvaux) 2: 20 (1809), non L. spadiceum 
Schaeff.: Pers. (1774). 

Selected illustrations: Pegler, Læssøe & Spooner 
(1995: Figs 121–122). 

Gasterocarp 10–45 mm in diameter × 
10–40 mm in height, globose, subglobose, 
depressed globose to obpyriform, occasionally 
plicate at base, attached by thick, branching 
rhizomorph, heavily encrusted with particles of 
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soil; ostiole slow to develop, small- to medium-
sized, orbicular, irregular-shaped to torn. 
Exoperidium white to off-white at first, 
becoming light yellow (4A4–5), grayish yellow 
(4A3–5), grayish orange (5B3–5) to brownish 
orange (5C5–6), occasionally with orangish 
brown patches or patchy water stains, glabrous, 
to granulose and composed of tightly appressed 
flocculence, minute echinae, or appressed 
granular verrucae, sloughing off slowly, 
exposing more of the endoperidium and 
becoming more glabrous with age and 
weathering. Endoperidium pale yellow (4A3) to 
yellowish gray (4B2), glabrous, papery, dull, 
persistent. Gleba grayish yellow (4B4–6) to 
olive-brown (4D5–7), cottony. Subgleba 
yellowish gray (4B2) to grayish yellow (4B3–
5), composed of medium-sized cells or reduced. 

Basidiospores globose to subglobose, 
(3.2–)4.0–4.8 × (3.2–)4.0–4.8 μm [X̄ = 4.4 ± 
0.5 × 4.4 ± 0.5 μm, Qm = 1.0, n = 20], 
asperulate, yellow to brownish yellow in water 
mounts, with a central oil drop; pedicel minute; 
sterigmal remnants absent from mounts. 
Capillitium of the Lycoperdon type; 
eucapillitial threads 4.0–7.2 μm diam., thick-
walled (up to 0.8 μm), subelastic, yellow to 
brownish yellow in water mounts, straight to 
undulate, glabrous with abundant medium- to 
large-sized pores, aseptate, numerous dichoto-
mous branches; tips long, narrow, attenuate, 
often subundulate. Paracapillitial threads 
occasionally present, not abundant, septate. 
Exoperidium composed of thick-walled, 
orbicular to irregular-shaped sphaerocysts, 
intermixed with hyphal elements. Endoperi-
dium composed of tightly interwoven hyphal 
elements. 

Habitat: Terrestrial and found in grassy areas. 
This species occurs in the mid to higher elevations of the 
state within the Petran montane conifer forest and 
semidesert biotic communities. 

Distribution: Known only from the western 
United States, previously reported from California, 
Colorado, and Idaho. Also reported from Australia, 
Europe, Great Britain and New Zealand. 

Material examined: ARIZONA, Coconino Co.: 
Near V.T. Ranch, Kaibab Nat. Forest, 22 October 1933, 
W.H. Long WHL7871 (BPI). Gila Co.: Tonto Nat. Forest, 
near Young, 01 October 1934, N.F. Noecker & L.W. 
Roberson WHL7964 (BPI). 

Commentary: Lycoperdon lividum and L. 
rimulatum are two Lycoperdon species found in 
Arizona with a more-or-less glabrous 
exoperidia, and which often develop water 
stains (see L. rimulatum for further comments). 
The two species are very difficult to distinguish 
macroscopically; however, microscopically 
these species are easily separated. Lycoperdon 
lividum has asperulate spores, while L. 
rimulatum has strongly verrucose spores that 
are larger (6.4–8.0 μm in diam.) than those 
found in L. lividum (4.0–4.8 μm in diam.). 
Lycoperdon pyriforme also has a somewhat 
glabrous exoperidium; however, it is normally 
found on rotting wood and has several 
microscopic characters, such as eucapillitia that 
lack pores and irregular-shaped sphaerocysts, 
that distinguish it. It is unlikely that L. lividum 
would be confused with a Calvatia as those 
species have a very different mechanism of 
spore dispersial and thus have exoperidia that 
crack apart or disintegrate to some degree. 
Microscopically, Calvatia species are also 
easily distinguished as they generally have 
fragile eucapillitial threads that break into many 
smaller units rather than the subelastic 
eucapillitial threads found in L. lividum, which 
only occasionally break into smaller units.  

 
18. Lycoperdon marginatum Vittad., 
Monographia Lycoperdineorum: 41 (1842).  

(Figs 8e–f, 15f) 
Reported synonyms: = Lycoperdon cruciatum 

Rostk., Deutschl. Fl. (Sturm), Abt. 3, Pilze Deutschl.: 
5(18): 19 (1839). 

= Lycoperdon muricatum Bonord., Bot. Zeitung 
(Berlin) 15: 596 (1857), non Batsch (1783). 

= Lycoperdon separans Peck, Rep. State Bot. of 
New York State Mus. 26: 73 (1874). 

= Lycoperdon wrightii var. atropunctum Peck, 
Rep. State Bot. of New York State Mus. 32: 67 (1879). 

= Lycoperdon wrightii var. separans (Peck) Peck, 
Rep. State Bot. of New York State Mus. 32: 67 (1880). 

= Vascellum cruciatum (Rostk.) P. Ponce de León, 
Fieldiana, Bot. 32: 118 (1970). 

Selected illustrations: Calonge (1992: Fig. 40); 
Coker & Couch (1928: Pls. 55–56); Šmarda in Pilát 
(1958: Figs 79, 99, as L. candidum); Smith (1951: Pl. 11, 
Figs 1–2). 

Gasterocarp 10–45(–65) mm in diameter 
× 10–35(–55) mm in height, obovoid, 
depressed globose to obpyriform, occasionally 
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plicate at base, particularly on larger specimens, 
attached by fine, branching rhizomorphs, 
heavily encrusted with particles of soil; ostiole 
developing as the exoperidium sloughs off, 
medium-sized to very large, slit-like, irregular-
shaped and torn. Exoperidium white to off-
white at first, remaining white or becoming 
yellowish white (4A2), pale yellow (4A3) to 
grayish yellow (4B3–4) to grayish orange 
(5B3–5) with age, strongly verrucose; verrucae 
medium-sized (up to 2.0 mm in length), broad, 
pyramidal, often darker, fused and/or recurved 
at tips, or occasionally somewhat appressed, 
sloughing off the apical portions of the 
gasterocarp in plates. Endoperidium yellowish 
white (4A2) to pale orange (5A3), papery, dull, 
persistent, normally covered by a layer of dark 
granules that are colored brownish orange 
(5C3–4) to light brown (5D4–5), and are 
composed of pigmented sphaerocysts. Gleba 
grayish orange (5B3–4) to yellowish brown 
(5D4–6), cottony. Subgleba yellowish gray 
(4B2) to grayish orange (5B3), composed of 
medium-sized cells or absent. 

Basidiospores globose, (3.2–)4.0–4.8(–
5.6) × (3.2–)4.0–4.8(–5.6) μm [X̄ = 4.4 ± 0.6 × 
4.4 ± 0.6 X μm, Qm = 1.0, n = 20], asperulate to 
asperate, yellowish brown in water mounts, 
with a central oil drop; pedicel short (up to 0.8 
μm in length), or occasionally longer (up to 1.6 
μm in length); sterigmal remnants mostly 
absent from mounts. Capillitium of the 
Lycoperdon type; eucapillitial threads 3.2–5.6 
μm diam., thick-walled (up to 0.8 μm), 
subelastic to elastic, yellowish brown in water 
mounts, straight to subundulate, glabrous with 
abundant small- to medium-sized pores, 
occasionally finely encrusted, aseptate, 
intermittent dichotomous branching; tips 
attenuate. Paracapillitial threads occasionally 
present, not abundant, septate. Exoperidium 
composed of thick-walled, orbicular to 
irregular-shaped sphaerocysts. Endoperidium 
composed of tightly interwoven hyphal 
elements covered in pigmented, orbicular to 
irregular-shaped sphaerocysts. 

Habitat: Terrestrial and found in open areas on 
granitic soils, in grassy areas, or growing amid needle 
debris under Ponderosa pine (Pinus ponderosa). This 
species is found throughout Arizona and occurs in the 
mid to higher elevations of the state within the Great 
Basin conifer woodland, interior chaparral, Madrean 
evergreen woodland, Petran montane conifer forest, and 
semidesert grassland biotic communities. 

Distribution: Known from throughout the United 
States, and previously reported from Alabama, Arizona, 
Arkansas, Colorado, Connecticut, Florida, Georgia, 
Illinois, Indiana, Iowa, Kansas, Louisiana, Maine, 
Maryland, Massachusetts, Michigan, Minnesota, 
Mississipi, Missouri, Nebraska, New Hampshire, New 
Jersey, New Mexico, New York, North Carolina, Ohio, 
Oklahoma, Pennsylvania, Rhode Island, South Carolina, 
South Dakota, Tennessee, Texas, Vermont, Virginia, 
West Virginia and Wisconsin. Also reported from 
Canada and Europe. 

Material examined: ARIZONA, Cochise Co.: 
Chiricahua, 21 August 1990, J.S. States AEF670 (MICH). 
Coconino Co.: Ft. Valley Experimental Station, 19 
August 1916, W.H. Long (BPI 734384); Base of San 
Francisco Peaks, 07 August 1917, L.N. Goodding 
WHL8919 (BPI); Grand Canyon, 01 August 1930, R.B. 
Street WHL7892a (BPI); Grand Canyon, 01 August 1930, 
R.B. Street WHL7893 (BPI); ~1/2 mi in on FR 237, N 
off of Hwy. 260, near Forest Lake Campground, 
Mogollon Rim, 10 August 2002, S.T. Bates STB00070 
(hb. Bates); ~1/2 mi in on FR 237, N off of Hwy. 260, 
near Forest Lake Campground, Mogollon Rim, 10 
August 2002, S.T. Bates STB00072 (hb. Bates). Gila Co.: 
Tonto Nat. Forest, Young, 01 August 1934, N.F. 
Noecker WHL8880 (BPI). Pima Co.: Bear Wallow, 
Santa Catalina Mts., Coronado Nat. Forest, 15 October 
1970, T. Burr (ARIZ AN014592). Yavapai Co.: Copper 
Basin Area, Prescott, 15 September 1933, W.H. Long 
WHL7790 (BPI); Prescott Nat. Forest, 01 August 1934, 
W.H. Long, V.O. Sandberg & K.D. Butler WHL7957 
(BPI); Wolf Creek Area, Prescott Nat. Forest, 20 August 
1934, K.D. Butler WHL7978 (BPI); Wolf Creek Area, 
Prescott Nat. Forest, 20 August 1934, K.D. Butler 
WHL7982 (BPI). 

Commentary: Lycoperdon marginatum is 
a distinct species, having a relatively thick, 
strongly verrucose exoperidium that sloughs off 
in plates to expose the endoperidium, which is 
covered in granular matter. Outwardly, 
Vascellum intermedium is nearly identical to L. 
marginatum; however, that species is smaller in 
stature, has a glabrous endoperidium, and lacks 
eucapillitial threads – having instead abundant 
paracapillitial threads (see V. intermedium for
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further discussion). Lycoperdon calvescens (not 
reported from Arizona) is another similar 
species that is distinguished from  
L. marginatum by the exoperidium, which has 
brown colored, narrow echinae that slough off 
individually and are composed of large 
sphaerocysts (55.0 μm in diam.) with intracellu-
lar pigments. Finally, L. pulcherrimum could be 
confused with L. marginatum; however, the 
former has verrucose spores and the exo-
peridium is echinate with long, slender echinae.  

 
19. Lycoperdon molle Pers.: Pers., Synopsis 
Methodica Fungorum: 150 (1801).  

(Figs 9a–b, 16a) 
Basionym: Lycoperdon molle Pers.: Pers., Obs. 

Mycol. 2: 70 (1800). 
Reported synonyms: = Lycoperdon hirtum var. 

fuscescens Pers., J. Bot. (Desvaux) 2: 20 (1809). 
= Lycoperdon turbinatum Pers., J. Bot. (Desvaux) 

2: 18 (1809). 
= Lycoperdon cupricum Bonord., Handb. Mykol.: 

252 (1851). 
= Lycoperdon glabellum Peck, Rep. State Bot. of 

New York State Mus. 31: 39 (1879). 
= Lycoperdon umbrinum var. pedicellatum Velen. 

České Houby: 821 (1922). 
Selected illustrations: Calonge (1992: Fig. 41); 

Pegler, Læssøe & Spooner (1995: Figs 125–126); 
Šmarda in Pilát (1958: Figs 86, 110). 

Gasterocarp 20–55(–70) mm in diameter 
× 25–65(–95) mm in height, subglobose, 
obpyriform, turbinate to pseudostipitate, often 
plicate, or occasionally puncticulate, at base, 
attached by fine branching rhizomorphs, or 
mycelial mat, encrusted with particles of soil; 
ostiole slow to develop, medium- to large-sized, 
orbicular to irregular-shaped and torn. 
Exoperidium white to off-white at first, 
becoming grayish yellow (4C3–5), grayish 
orange (5B3–4), brownish orange (5C4–6) to 
yellowish brown (5E5–7), scurfy to echinulate; 
echinae narrow, short (up to 0.5 mm in length), 
occasionally appressed or with scattered, longer 
spicules (up to 1.0 mm in length), intermixed 
with scurfy or granulose matter, completely 
covering the endoperidium, sloughing off the 
apical portions of the gasterocarp with weather 
and age. Endoperidium grayish yellow (4B4–6 
to 4C3–5) to brownish orange (5C3–5), 
glabrous, papery and dull, persistent. Gleba 

olive-brown (4D3–5) to brownish orange (5C4–
5), cottony. Subgleba grayish yellow (4B–C4–
5), light brown (5D4) to yellowish brown (5D–
E5–6), occasionally with lilac tones, composed 
of medium- to large-sized cells, or reduced. 

Basidiospores globose, 5.6–7.2 × 5.6–7.2 
μm [X̄ = 6.3 ± 0.7 × 6.3 ± 0.7 μm, Qm = 1.0, n = 
20], verrucose, verrucae up to 0.8 μm in length, 
yellow-brown in water mounts, with central oil 
drop; pedicel short (up to 1.0 μm in length); 
sterigmal remnants abundant in mounts. 
Capillitium of the Lycoperdon type; 
eucapillitial threads 4.0–8.0 μm diam., thick-
walled (up to 1.0 μm), elastic, yellow-brown to 
light brown in water mounts, straight, 
occasionally subundulate, glabrous with 
scattered medium- to large-sized pores, aseptate, 
frequent dichotomous branching with sporadic 
inflated areas or knob-like projections; tips long, 
narrow, attenuate. Paracapillitial threads 
scarce or absent. Exoperidium composed of 
orbicular sphaerocysts (those toward the apex 
of ornamentation often dextrinoid in Melzer’s). 
Endoperidium composed of tightly interwoven 
hyphal elements with frequent septa. 

Habitat: Terrestrial and found in open areas on 
granitic soils, in grassy areas, or growing amid needle 
debris under fir (Abies spp.) or spruce (Picea spp.). This 
species is found throughout Arizona and occurs in the 
mid to higher elevations of the state within the Petran 
montane conifer forest, Petran subalpine conifer forest, 
Plains and Great Basin grassland and semidesert 
grassland biotic communities. 

Distribution: Known from throughout the United 
States, and previously reported from Alabama, California, 
Colorado, Connecticut, Delaware, Idaho, Illinois, Indiana, 
Iowa, Kansas, Maine, Massachusetts, Michigan, 
Minnesota, Missouri, Montana, Nebraska, New 
Hampshire, New Jersey, New Mexico, New York, North 
Carolina, Ohio, Oregon, Pennsylvania, South Dakota, 
Tennessee, Utah, Vermont, Virginia, Washington, West 
Virginia, Wisconsin and Wyoming. Also reported from 
Canada, Europe and Great Britain. 

Material examined: ARIZONA, Cochise Co.: 
Rustlers Park, Chiricahua Mts., 11 September 1988, J.S. 
States AEF771 (MICH). Coconino Co.: Grand Canyon, 
01 August 1930, R.B. Street WHL7892c (BPI); San 
Francisco Mts., 06 August 1938, I. Hatfield WHL7818 
(BPI); San Francisco Mts., 06 August 1938, I. Hatfield 
WHL7815 (BPI); Paradise Road, Flagstaff, 16 August 
1986, J.S. States AEF362 (MICH). Gila Co.: Tonto Nat. 
Forest, 01 August 1934, N.F. Noecker & W.H. Long 
WHL8878 (BPI); Tonto Nat. Forest, 01 August 1934,
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Fig. 9. Lycoperdon molle – STB00098 (hb. Bates): a) gasterocarp; b) eucapillitial threads (cap.), spores (sp.), and 
exoperidial elements (exo.); Lycoperdon perlatum – STB00727 (hb. Bates): c) eucapillitial threads (cap.), spores (sp.), 
and exoperidial elements (exo.); d) gasterocarps; Lycoperdon pulcherrimum – STB00066 (hb. Bates): e) gasterocarps; f) 
eucapillitial threads (cap.), spores (sp.), and exoperidial elements (exo.); bars a, d, e = 2 cm; b, c, f = 4 µm. 
 
W.H. Long WHL8884 (BPI); Tonto Nat. Forest, 01 
August 1934, N.F. Noecker & L.W. Roberson WHL8000 
(BPI). Pima Co.: Mt. Bigelow, Santa Catalina Mts., 
Coronado Nat. Forest, 22 August 1970, D.C. Rhodes 
ML-2 (ARIZ). Pinal Co.: Near Oracle, 1912, W.H. Long 
WHL8932 (BPI). Yavapai Co.: Prescott Nat. Forest, 
1930, W.H. Long & V.O. Sandberg WHL7870 (BPI); 
Lynx Creek area, Prescott Nat. Forest, 22 August 1934, 

W.H. Long, V.O. Sandberg & K.D. Butler WHL7981 
(BPI). CALIFORNIA, San Mateo Co.: San Francisco 
Watershed, 24 February 1970, H.D. Thiers HDT24809 
(SFSU); Skyline Blvd., 02 August 2002, F. Stevens 
STB00690 (hb. Bates). 

Commentary: The scurfy to echinulate 
exoperidium that entirely covers the endoperi-
dium, verrucose spores, and abundant sterigmal
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remnants present in mounts distinguishes L. 
molle from other medium-sized puffballs found 
in the state. Lycoperdon atropurpureum and the 
North American equivalent, L. mauryanum (not 
reported from Arizona), are very similar to L. 
molle and can be distinguished as those species 
have erect, brown colored spicules, a thick 
radicating rhizomorph, and very thick-walled 
(1.5 μm) eucapillitial threads (see Demoulin, 
1972; Pegler et al., 1995). Lycoperdon molle, 
on the other hand, has fewer spicules, a finer 
rhizomorph, and exhibits thinner walls in the 
eucapillitial threads (up to 1.0 μm thick). 
Scanning electron images of the spores in L. 
atropurpureum apparently reveal conical 
verrucae (Calonge, 1998) as opposed to the 
cylindrical, truncate verrucae found in L. molle 
(see Fig. 16a). Another similar species, L. 
decipiens, has verrucose spores with dense 
verrucae, a more reduced subgleba, and the 
exoperidium is more densely spiculose, with 
the apical spicules being stellate; however, 
some authors (Calonge, 1998) synonymize this 
taxon with L. atropurpureum. Lycoperdon 
umbrinum superficially resembles L. molle, but 
can be distinguished from the latter because the 
ornamentation on the exoperidium of L. 
umbrinum is less dense and leaves areas of the 
endoperidium exposed. Microsopically, L. 
umbrinum is easily distinguished as it has 
asperulate spores that are smaller (4.0–5.6 μm 
in diam.) and lacks sterigmal remnants in the 
mounts. 

 
20. Lycoperdon perlatum Pers.: Pers., 
Synopsis Methodica Fungorum: 145 (1801).  

(Figs 9c–d, 16b) 
Basionym: Lycoperdon perlatum Pers.: Pers., Obs. 

Mycol. 1: 4 (1796). 
≡ Lycoperdon gemmatum var. perlatum (Pers.) Fr., 

Syst. Mycol. 3: 37 (1829). 
Reported synonyms: = Lycoperdon gemmatum 

Batsch, Elench. Fung.: 147 (1783). 
= Lycoperdon hirtum Bull., Herb. France 8: t.340 

(1788). 
= Lycoperdon lacunosum Bull., Herb. France 2: 

t.52 (1781–82) 
= Lycoperdon bonordenii Massee, J. Roy. 

Microscop. Soc. London 1887: 713 (1887). 
= Lycoperdon excoriatum Lloyd, Mycol. Writings 

2: 229 (1905). 

= Lycoperdon macrogemmatum Lloyd, Mycol. 
Writings 2: 265 (1906). 

= Lycoperdon globosopiriforme Lloyd, Mycol. 
Writings 6: 1058 (1921). 

= Lycoperdon albidum Velen., České Houby: 827 
(1922). 

Selected illustrations: Bottomley (1948; Pl. 35, 
Fig. 1); Calonge (1992: Fig. 42); Coker & Couch (1928: 
Pls. 52, 53 “plant on left”, as L. gemmatum); 
Cunningham (1943: Pl. 19, Fig. 5; Pl. 21, Fig. 5); Pegler, 
Læssøe & Spooner (1995: Figs. 117–118); Šmarda in 
Pilát (1958: Figs. 73–74, 101–103); Smith (1951: Pls. 
13–14; Pl. 15, Fig. 1). 

Gasterocarp 15–55 mm in diameter × 
18–67(–100) mm in height, subglobose, 
obovoid, obpyriform to pseudostipitate, often 
developing a medium- to large-sized 
pseudostipe (up to 70 mm in length), attached 
at base by fine, branching rhizomorphs that are 
heavily encrusted with particles of soil; ostiole 
slow to develop, small- to medium-sized, 
orbicular to irregular-shaped and torn. 
Exoperidium white to off-white at first, 
becoming yellowish white (4A2), pale yellow 
(4A3) to grayish yellow (4B3–4), grayish 
orange (5B3–5) to brownish orange (5C4–6), 
verrucose and echinulate; verrucae large (up to 
3.0 mm in length) conical, singular, or 
composed of several units fused at the tips that 
are encircled by numerous smaller echinae or 
verrucae (up to 0.5 mm in length), larger 
verrucae fugacious, especially on apical 
portions of gasterocarp, smaller echinae or 
verrucae persistent, particularly on basal 
portions of gasterocarp, and normally forming a 
characteristic reticulate pattern on the apical 
portions of the gasterocarp around the spaces 
were the larger verrucae have sloughed off. 
Endoperidium yellowish white (4A2), often 
covered with reticulate pattern, papery, dull. 
Gleba olive-brown (4D–E4–6) to yellowish 
brown (5D5–6), cottony. Subgleba grayish 
yellow (4B3–5) to grayish orange (5B3–4), 
composed of medium- to large-sized cells. 

Basidiospores globose to subglobose, 
(3.2–)4.0–4.8 × (3.2–)4.0–4.8 μm [X̄ = 4.4 ± 
0.5 × 4.4 ± 0.5 μm, Qm = 1.0, n = 20], asperate 
to echinulate, hyaline to yellow in water 
mounts, with a central oil drop; pedicel short 
(up to 0.8 μm in length); sterigmal remnants 
often present in mounts. Capillitium of the 
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Lycoperdon type; eucapillitial threads 3.2–5.6 
μm diam., thick-walled (up to 1.0 μm), elastic, 
yellow to brownish yellow in water mounts, 
straight, glabrous, occasionally finely encrusted, 
with sparse to abundant, small- to medium-
sized pores, aseptate, occasional dichotomous 
branching; tips often subundulate, attenuate. 
Paracapillitial threads present, often abundant, 
thin-walled, hyaline, straight to subundulate, 
septate. Exoperidium composed of orbicular to 
ovoid sphaerocysts (occasionally containing 
content that stain yellow in Melzer’s). 
Endoperidium composed of tightly interwoven 
hyphal elements, containing inflated elements 
resembling sphaerocysts, the contents of some 
becoming yellow in Melzer’s. 

Habitat: Terrestrial and found in open areas with 
granitic soil, open grassy areas, or growing amid leaf or 
needle debris under fir (Abies spp.), oak (Quercus spp.), 
Ponderosa pine (Pinus ponderosa), or spruce (Picea spp.). 
This species is found throughout Arizona and occurs in 
the mid to higher elevations of the state within the Great 
Basin conifer woodland, interior chaparral, Madrean 
evergreen woodland, Petran montane conifer forest, and 
Petran subalpine conifer forest biotic communities. 

Distribution: Known from throughout the United 
States, and previously reported from Alabama, Arizona, 
California, Colorado, Connecticut, Florida, Georgia, 
Idaho, Illinois, Indiana, Iowa, Kansas, Kentucky, 
Louisiana, Maine, Maryland, Massachusetts, Michigan, 
Minnesota, Missouri, Montana, New Hampshire, New 
Jersey, New Mexico, New York, North Carolina, Ohio, 
Oklahoma, Oregon, Pennsylvania, South Carolina, 
Tennessee, Texas, Utah, Vermont, Virginia, Washington, 
West Virginia, Wisconsin, and Wyoming. Also reported 
from Africa, Australia, Britain, China, Europe, India, 
New Zealand, South America and Tasmania. 

Material examined: ARIZONA, Cochise Co.: 
Rustlers Park, Chiricahua Mts., August 1958, J.Lowe & 
R.L. Gilbertson, (MICH 00017652); Rustlers Park, 
Chiricahua Mts., 05 September 1986, J.S. States AEF425 
(MICH); Rustlers Park, Chiricahua Mts., 21 August 1990, 
J.S. States AEF684 (MICH); Pinery Canyon Road and 
Forest Service boundary, 04 September 1993, J.S. States 
AEF1041 (MICH). Coconino Co.: Oak Creek Canyon, 
Sedona, October 1972, C. Barrows CB#14 (MICH); San 
Francisco Mts. near Flagstaff, September 1973, C. 
Barrows CB#2-1973 (MICH); Paradise Rd., Flagstaff, 01 
September 1992, J.S. States AEF979 (MICH); Sitgreaves 
Nat. Forest, near Mogollon Rim, off of Rim Road (FR 
300), on road to Bear Canyon Lake, 02 September 2003, 
S.T. Bates STB00723 (hb. Bates); Coconino Nat. Forest, 
Lamar Haines Memorial Wildlife Area, near enterance 
off of Snowbowl Road (FR516), 20 September 2003, S.T. 
Bates STB00727 (hb. Bates); San Francisco Peaks, 

Snowbowl ski area, off of Snowbowl Road (FR516), 24 
September 2003, S.T. Bates STB00712 (hb. Bates). Gila 
Co.: Tonto Nat. Forest - mailed from Young, August 
1934, N.F. Noecker & L.W. Roberson WHL8001a (BPI). 
Greenlee Co.: ~1/8 mi north of Hannigan’s Meadow 
lodge, W side of Hwy. 191, 16 August 2002, S.T. Bates 
STB00093 (hb. Bates); ~1.5 mi S of Hannigan’s Meadow 
campground entrance, W side of Hwy. 191, 16 
September 2002, S.T. Bates STB00097 (hb. Bates). Pima 
Co.: Bear Wallow, Santa Catalina Mts., Coronado Nat. 
Forest, 22 September 1970, F. Gray (ARIZ no number); 
Mt. Lemmon, Santa Catalina Mts., Coronado Nat. Forest, 
22 September 1970, D.C. Rhodes DCR41 (ARIZ); Bear 
Canyon, Santa Catalina Mts., Coronado Nat. Forest, 22 
September 1974, C. Dennet CD43 (ARIZ). Y avapai Co.: 
Prescott, 19 September 1934, W.H. Long WHL8024 
(BPI); Copper Basin Area, Prescott, 15 September 1937, 
W.H. Long WHL7791 (BPI). 

Commentary: Lycoperdon perlatum is 
one of the more distinctive puffball species and 
is easily recognized as it has an exoperidium 
with large, conical verrucae surrounded by 
smaller, thinner verrucae or echinae that leave a 
reticulate pattern on the endoperidium once the 
larger verrucae are shed. Microscopically this 
species has small (4.0–4.8 μm in diam.), 
asperate to echinulate spores, eucapillitial 
threads with scattered small- to medium-sized 
pores, an exoperidium composed of sphaero-
cysts, and an endoperidium that contains 
inflated hyphae resembling sphaerocysts. This 
species could be confused with L. nigrescens 
(not reported from Arizona) which is almost 
identical; however, that species has an 
exoperidium composed of more uniform brown 
to black colored echinae that are often fused at 
the tips. The spores of L. nigrescens have 
punctate rather than the distinctly conical 
ornamentation present in L. perlatum. This 
character is very apparent when observed at 
higher magnification under the scanning 
electron microsope (see Demoulin, 1972).  

 
21. Lycoperdon pulcherrimum Berk. & M. A. 
Curtis, Grevillea 2: 51 (1873). (Figs 9e–f, 16c) 

Reported synonyms: = Lycoperdon frostii Peck, 
Bot. Gaz. 4: 139 (1879). 

Selected illustrations: Coker & Couch (1928: Pls. 
43–44); Smith (1951: Pl. 19, Fig. 2). 

Gasterocarp 20–50 mm in diameter × 
15–50 mm in height, subglobose, obovoid to 
obpyriform, occasionally plicate at base, 
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tapering to a thick radicating rhizomorph that is 
often highly branched and forms a dense 
mycelial mat that is encrusted with particles of 
soil; ostiole developing with the sloughing of 
the exoperidium, medium- to large-sized, 
irregular-shaped and torn. Exoperidium white 
to off-white at first, becoming pale yellow 
(4A3), grayish yellow (4B3), grayish orange 
(5B3–5) to brownish orange (5C5–6), echinate; 
echinae long (up to 5.0 mm in length), slender, 
singular or fused and occasionally recurved at 
tips, fugacious, sloughing off individually or in 
small groups from the apical portions of the 
gasterocarp, more persistent and shorter toward 
the basal portions. Endoperidium brownish 
orange (5C4–6), light brown (5D5–6) to 
yellowish brown (5E5–7), glabrous to minutely 
furfuraceous, papery, dull, persistent. Gleba 
white to off-white and solid at first, becoming 
brown (6–7E4–6) to reddish brown (8F5–6), 
cottony. Subgleba grayish yellow (4C4–5) to 
brownish orange (5C4–5), composed of small 
cells. 

Basidiospores globose, 5.6–6.4 × 5.6–6.4 
μm [X̄ = 5.8 ± 0.4 × 5.8 ± 0.4 μm, Qm = 1.0, n = 
20], verrucose, brownish yellow in water 
mounts, with a central oil drop; verrucae up to 
1.0 μm in length; pedicel up to 2.4 μm in length; 
sterigmal remnants abundant in mounts. 
Capillitium of the Lycoperdon type; 
eucapillitial threads 3.2–6.4 μm diam., thick-
walled (up to 1.0 μm), subelastic, yellowish 
brown in water mounts, straight, glabrous, 
occasionally finely encrusted, with scattered 
small-sized pores, aseptate, occasional dicho-
tomous branching or knob-like projections; tips 
attenuate. Paracapillitial threads absent. 
Exoperidium composed of thick-walled, 
orbicular sphaerocysts that become more 
elongated toward the apex of ornamentation. 
Endoperidium composed of tightly interwoven 
hyphal elements. 

Habitat: Terrestrial and found growing amid leaf 
or needle debris under oak (Quercus spp.), juniper 
(Juniperus spp.), mesquite (Prosopis spp.), or pinyon 
(Pinus edulis). This species is found throughout Arizona 
and occurs in the mid to higher elevations of the state 
within the interior chaparral, Madrean evergreen 
woodland, Petran montane conifer forest, and the Plains 

and Great Basin grassland biotic communities. 
Distribution: Known from throughout the United 

States, and previously reported from Arizona, Arkansas, 
Illinois, Indiana, Iowa, Kansas, Maine, Maryland, 
Massachusetts, Michigan, Minnesota, Missouri, 
Nebraska, New Jersey, New Mexico, New York, North 
Carolina, Ohio, Pennsylvania, Tennessee, Texas, 
Vermont, Virginia and Wisconsin. Also reported from 
Canada. 

Material examined: ARIZONA, Cochise Co.: 
Pinery Canyon Road and intersection with Methodist 
Camp, Chiricahua Mts., 04 September 1993, J.S. States 
AEF1020 (MICH). Coconino Co.: Mount Elden 
(Coconino Nat. Forest, Forest Service Road 557, T22N 
R7E Sect. 36), 01 October 1994, J.S. States AEF1264 
(MICH). Gila Co.: SW side of Hwy. 260, across from 
entrance to Quail Run Rd., ~10 mi NE of Payson, 10 
August 2002, S.T. Bates STB00066 (hb. Bates). Yavapai 
Co.: Lynx Club, Prescott Nat. Forest, 22 August 1934, 
W.H. Long, V.O. Sandberg & K.D. Butler WHL7980 
(BPI). 

Commentary: This species, Lycoperdon 
pulcherrimum, is a very distinctive puffball 
exhibiting an echinate exoperidium with long, 
slender echinae (up to 5.0 mm in length) that 
slough off the apical portions of the gasterocarp 
to expose a glabrous, brown colored 
endoperidium. Lycoperdon echinatum and the 
North American equivalent, L. americanum 
(see Demoulin, 1972; Pegler et al., 1995; not 
reported from Arizona), are similar to this 
species; however, L. pulcherrimum does not 
develop a prominent reticulate pattern on the 
endoperidium once the exoperidium has 
sloughed off, which is characteristic of the 
former species. In addition, L. echinatum and L. 
americanum have smaller spores (~4–5 μm in 
diam.). Lycoperdon pulcherrimum could also 
be confused with L. marginatum or L. 
calvescens. The verrucose exoperidium with 
pyramidal verrucae in L. marginatum and the 
way in which it sheds in plates is markedly 
different from the exoperidial characters of L. 
pulcherrimum where echinae are shed 
individually. Lycoperdon calvescens (not 
reported from Arizona) can be distinguished 
from L. pulcherrimum as the former has 
considerably shorter echinae, asperate to 
echinulate spores, and has an exoperidium that 
is composed of large sphaerocysts (55.0 μm in 
diam.) with intracellular pigments.  
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22. Lycoperdon pyriforme Schaeff.: Pers., 
Fung. Bavar. Palat. Nasc. 4: 128 (1774). 

(Figs 10a–b, 16d) 
≡ Lycoperdon proteus var. pyriforme (Schaeff.) Bull., 

Hist. Champ. France 1: 148 (1791). 
≡ Morganella pyriformis (Schaeff.: Pers.) Kreisel 

& D. Krüger, Mycotaxon 86: 175 (2003). 
Reported synonyms: = Lycoperdon ovoideum 

Bull., Herb. France 10: 435 f.3, 1790. 
= Lycoperdon tessellatum (Pers.) Schumach., 

Enum. Pl. (Schumacher) 2: 191 (1803). 
= Lycoperdon saccatum Pers., J. Bot. (Desvaux) 2: 

19 (1809). 
= Lycoperdon desmazieri Lloyd, Mycol. Writings 

2: 213 (1905). 
= Lycoperdon faveolum Lloyd, Mycol. Writings 2: 

230 (1905). 
= Lycoperdon cupricolor Lloyd, Mycol. Writings 

2: 265 (1906). 
= Lycoperdon betulinum Velen., České Houby: 

830 (1922). 
Selected illustrations: Calonge (1992: Fig. 43); 

Coker & Couch (1928: Pls. 49 “below”, 50); 
Cunningham (1943: Pl. 20, Fig. 6); Pegler, Læssøe & 
Spooner (1995: Figs 109–110); Šmarda in Pilát (1958: 
Figs 80, 82–83, 107); Smith (1951: Pl. 12, Figs 1–2). 

Gasterocarp 10–45 mm in diameter × 
15–60(–90) mm in height, subglobose, obovoid 
to obpyriform, occasionally with a pseudostipe 
(up to 60 mm in length), with or without a 
slightly bulbous base, attached by a thick, white 
to off-white, branching rhizomorph that is 
encrusted with particles of soil; ostiole slow to 
develop, small- to medium-sized, orbicular to 
irregular-shaped and torn, often uplifted at rim. 
Exoperidium white to off-white at first, 
becoming grayish orange (5B3–4), brownish 
orange (5C4–6), occasionally darker toward the 
tips of ornamentation and light brown (6D4–6) 
to brown (6E5–6), rimulose, rimose to 
verruculose with appressed verrucae, often 
granular, frequently echinulate on the basal 
portions, ornamentation somewhat persistent 
and slowly wearing away age and weather, 
leaving a more glabrous gasterocarp, 
particularly toward the apical portions, as the 
exoperidium sloughs off a reticulate pattern is 
often formed. Endoperidium grayish orange 
(5B3–6), glabrous, papery, dull, persistent. 
Gleba white to off-white and solid at first, 
becoming grayish yellow (3B5–6), later olive-
brown (4D3–4) to light brown (5–6D4–6), 

cottony. Subgleba white (1A1), composed of 
small cells (less than 1.0 mm in width) or 
reduced. 

Basidiospores globose to subglobose, 
4.0–5.6 × 4.0–5.6 μm [X̄ = 5.0 ± 0.7 × 4.9 ± 0.7 
μm, Qm = 1.0, n = 20], smooth, yellow in water 
mount, with a large central oil drop; pedicel 
absent or rudimentary; sterigmal remnants 
mostly absent from mounts. Capillitium of the 
Lycoperdon type; eucapillitial threads 4.0–8.0 
μm diam., thick-walled (up to 0.8 μm), 
subelastic, brownish yellow in water mounts, 
straight to subundulate, glabrous, lacking pores, 
aseptate, dichotomously branched; tips 
attenuate, long and narrow. Paracapillitial 
threads present and often abundant, thin-walled, 
hyaline, straight to subundulate, septate. 
Exoperidium composed of thick-walled (up to 
2.4 μm), inflated, spinose to irregular-shaped 
sphaerocysts. Endoperidium composed of 
tightly interwoven hyphal elements.  

Habitat: Lignicolous and found on rotting conifer 
wood or occasionally terrestrial (on buried rotting wood) 
and found in soil or moss in mixed conifer forests. This 
species is found throughout Arizona and occurs in the 
higher elevations of the state within the Petran montane 
conifer forest and Petran subalpine conifer forest biotic 
communities. 

Distribution: Known from throughout the United 
States, and previously reported from Alabama, Arizona, 
Arkansas, California, Colorado, Connecticut, Delaware, 
Florida, Georgia, Idaho, Illinois, Indiana, Iowa, Kansas, 
Kentucky, Louisiana, Maine, Maryland, Massachusetts, 
Michigan, Minnesota, Mississippi, Missouri, Montana, 
Nebraska, New Hampshire, New Jersey, New Mexico, 
New York, North Carolina, North Dakota, Ohio, 
Oklahoma, Oregon, Pennsylvania, South Carolina, South 
Dakota, Tennessee, Texas, Utah, Vermont, Virginia, 
Washington, West Virginia, Wisconsin, and Wyoming. 
Also reported from China, Europe, Great Britain, India, 
Japan, South America, Australia, Tasmania and New 
Zealand. 

Material examined: ARIZONA, Apache Co.: ~25 
mi on beyond the start of the Terry Flat’s Loop Rd.; 
Terry Flats, East off of Hwy. 191/180 (FR 56); N of 
Alpine, 17 August 2002, S.T. Bates STB00106 (hb. 
Bates). Cochise Co.: Rustlers Park, Chiricahua Mts., 11 
September 1988, J.S. States AEF765 (MICH); Rustlers 
Park, Chiricahua Mts. (UTM XL 630 308), 21 August 
1990, J.S. States AEF679 (MICH). Coconino Co. : 
Vicinity of Flagstaff, no date given, Quinby 110a 
(MICH), Vicinity of Flagstaff, no date given, Quinby 
130c (MICH), Vicinity of Flagstaff, no date given
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Fig. 10. Lycoperdon pyriforme – AEF345 (MICH): a) gasterocarps; b) eucapillitial threads (cap.), spores (sp.), and 
exoperidial elements (exo.); Lycoperdon rimulatum – STB00077 (hb. Bates): c) eucapillitial threads (cap.), spores (sp.), 
and exoperidial elements (exo.); d) gasterocarps; Lycoperdon umbrinum – STB00730 (hb. Bates): e) gasterocarp; f) 
eucapillitial threads (cap.), spores (sp.), and exoperidial elements (exo.); bars a, d, e = 2 cm; b, c, f = 4 µm. 
 
Quinby 135 (MICH); San Francisco Peaks Natural area, 
25 September 1985, J.S. States AEF345 (MICH); Bismar 
Lake, San Francisco Peaks, Coconino N.F., 26 August 
1992, J.S. States AEF978 (MICH); Greenlee Co.: ~8 mi 
S of Hannigan’s Meadow campground entrance; on the E 
side of Hwy. 191, 16 August 2002, S.T. Bates STB00092 
(hb. Bates); S of (~1.5 mi) Hannigan’s Meadow 
campground entrance, W side of Hwy. 191, 16 August

2002, S.T. Bates STB00096 (hb. Bates); ~100 yards in 
and just N of parking lot, lot for Trail 76, off of Hwy. 
191, Hannigan’s Meadow, 17 August 2002, S.T. Bates 
STB00102 (hb. Bates);W off of Hwy. 191, Hannigan’s 
Meadow, 17 August 2002, S.T. Bates STB00103 (hb. 
Bates); E side of Hwy. 191, ~2 mi N from Hannigan’s 
Meadow Lodge, 17 August 2002, S.T. Bates STB00105 
(hb. Bates). Navajo Co.: Reservation Lake, 03 September
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1970, D.C. Rhodes RL-13 (MICH). Pima Co.: Santa 
Catalina Mts., 03 September 1934, N.F. Noecker & 
Carlson WHL8791 (BPI). 

Commentary: This common puffball is 
distinguished by the lignicolous habit, 
somewhat glabrous exoperidium, white to off-
white subgleba and rhizomorph, smooth spores, 
eucapillitial threads that lack pores, and 
exoperidium that is composed of spinose to 
irregular-shaped sphaerocysts. Morganella 
subincarnatum (not reported from Arizona) 
also assumes the lignicolous habit; however, 
that species has an echinulate to verruculose 
exoperidium that sloughs off to reveal a punc-
tate endoperidium. In addition, M. subincar-
natum lacks eucapillitial threads but has 
abundant paracapillitial threads. Lycoperdon 
pyriforme is occasionally terrestrial (growing 
on burried wood) and could possibly be 
confused with other more glabrous species such 
as L. rimulatum or L. lividum (see these species 
for further discussion). These species, however, 
are easily distinguished microscopically as they 
have ornamented spores, pored eucapillitial 
threads, and smaller non-spinose sphaerocysts 
in the exoperidium.  

 
23. Lycoperdon rimulatum Peck ex Trel., 
Transactions of the Wisconsin Academy of 
Science, Arts and Letters 7: 117 (1889). 

(Figs 10c–d, 16e) 
Reported synonyms: = Bovistella atrobrunnea 

Zeller, Mycologia 40: 649 (1948). 
= Lycoperdon decipiens var. rimulatum (Peck ex 

Trel.) F. Šmarda in Pilát, Fl. CSR; Gasteromycetes: 354 
(1958). 

Selected illustrations: Coker & Couch (1928: Pl. 
41 “below”; Pls. 46–47); Smith (1951: Pl. 19, Fig. 1). 

Gasterocarp 12–57 mm in diameter × 
30–45 mm in height, globose subglobose, 
depressed globose to obpyriform, occasionally 
plicate at base, attached by branching 
rhizomorph that is encrusted with particles of 
soil; ostiole slow to develop, small- to medium-
sized, irregular-shaped and torn. Exoperidium 
white to off-white at first, becoming yellowish 
gray (4B2), grayish orange (5B3–4) to light 
brown (5D4–5), or brown (6D4–6) with age, 
occasionally with orangish brown patches or 
patchy water stains, glabrous; composed of a 

minute flocculence that entirely covers the 
gasterocarp, often with minute echinae, tightly 
appressed to the surface, sloughing off slowly, 
exposing more of the endoperidium and 
becoming more glabrous with age and 
weathering. Endoperidium grayish yellow 
(3B4–5) to yellowish gray (4B2), glabrous, 
papery and shiny, persistent. Gleba grayish 
brown (8D3), reddish brown (5D4) to purplish 
gray (4D2), cottony. Subgleba brownish gray 
(7D2), composed of small- to medium-sized 
cells or reduced. 

Basidiospores globose, 6.4–8.0 × 6.4–8.0 
μm [X̄ = 7.4 ± 0.6 × 7.4 ± 0.6 μm, Qm = 1.0, n = 
20], strongly verrucose, pale gray-brown in 
water mounts, with a central oil drop; verrucae 
up to 1.6 μm in length; pedicel short to long 
(1.6–24.0 μm in length); sterigmal remnants 
abundant in mounts. Capillitium of the 
Lycoperdon type; eucapillitial threads 3.2–5.6 
μm diam., thick-walled (up to 1.0 μm), 
subelastic to elastic, hyaline to pale gray-brown 
in water mounts, straight, glabrous with 
abundant small- to medium-sized pores, 
aseptate, occasional dichotomous branching or 
knob-like projections; tips attenuate. Para-
capillitial threads occasionally present, not 
abundant, septate. Exoperidium composed of 
thick-walled hyphal elements, inflated and 
orbicular, broadly fusiform to irregular-shaped 
at tips (dextrinoid in Melzer’s, reaction soon 
fading). Endoperidium composed of tightly 
interwoven hyphal elements, occasionally 
inflated in some portions (dextrinoid in 
Melzer’s, reaction soon fading). 

Habitat: Terrestrial and found growing in grassy 
open areas or amid leaf or needle debris under fir (Abies 
spp.), oak (Quercus spp.), or Ponderosa pine (Pinus 
ponderosa). This species is found throughout Arizona 
and occurs in the mid to higher elevations of the state 
within the Madrean evergreen woodland, Petran montane 
conifer forest, Petran subalpine conifer forest, and the 
Plains and Great Basin grassland biotic communities. 

Distribution: Known from throughout the United 
States, and previously reported from Florida, Indiana, 
Iowa, Kansas, Maine, Michigan, Minnesota, Missouri, 
Nebraska, New Jersey, New York, North Carolina, North 
Dakota, Ohio, Oregon, Pennsylvania, South Carolina, 
South Dakota, Texas and Wisconsin. Also reported from 
Canada and Europe. 
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Material examined: ARIZONA, Apache Co.: 
Hawley Lake; White Mountain Apache reservation, near 
McNary, 11 August 2002, L. Theriot STB00112 (hb. 
Bates). Cochise Co.: Tex Canyon, Chiricahua Mts., 03 
September 1994, J.S. States AEF1281 (MICH). 
Coconino Co.: Grand Canyon, 01 August 1930, R.B. 
Street WHL7892b (BPI); Flagstaff, 06 August 1933, I. 
Hatfield WHL7814 (BPI); ~1/2 mi in on FR 237, N off 
of Hwy. 260, near Forest Lake Campground, Mogollon 
Rim, 10 August 2002, S.T. Bates STB00071 (hb. Bates); 
~3/4 mi in on FR 34B, ~1 mi W on FR 34 from 
intersection w/ Rim Rd. (FR300) Woods Canyon Lake, 
Mogollon Rim, 10 August 2002, S.T. Bates STB00077 
(hb. Bates); Near parking lot to Willow Springs Lake, N 
of Hwy. 260, Mogollon Rim, 10 August 2002, S.T. Bates 
STB00069 (hb. Bates); ~1/4 mi in on FR 237, N off of 
Hwy. 260 near Forest Lakes, Mogollon Rim, 10 August 
2002, S.T. Bates STB00073 (hb. Bates). Gila Co.: Tonto 
Nat. Forest, near Young, 01 August 1934, W.H. Long 
WHL8006 (BPI). Pima Co.: Summer Haven, Santa 
Catalina Mts., Coronado Nat. Forest, 19 October 1970, T. 
Burr TB35 (ARIZ). Yavapai Co.: Lynx Creek area, 
Prescott Nat. Forest, 22 August 1934, W.H. Long, V.O. 
Sandberg & K.D. Butler WHL7981 (BPI). 

Commentary: Lycoperdon rimulatum is 
common in some areas of the state, but is often 
overlooked because of its small stature and 
inconspicuous coloration. Lycoperdon lividum 
is a superficially identical species with a 
glabrous exoperidium. In order to reliably 
distinguish between that species and L. rimu-
latum one should examine the basidiospores 
under light microscopy. Verrucose spores are 
found in L. rimulatum, while asperulate spores 
are present in L. lividum (see L. lividum for 
further discussion).  

 
24.  Lycoperdon umbrinum Pers.: Pers., 
Annalen de Botanik 11: 28 (1794). 

(Figs 10e–f, 16f) 
Basionym: Lycoperdon umbrinum Pers., Tent. 

Disp. Meth. Fung.: 53 (1797). 
Reported synonyms: = Lycoperdon gemmatum 

var. hirtum (Pers.) Fr., Syst. Mycol. 3: 38 (1829). 
= Lycoperdon umbrinum f. fissispinum Kreisel, 

Feddes Repert. 64: 141 (1962). 
Selected illustrations: Calonge (1992: Fig. 44); 

Coker & Couch (1928: Pl. 48); Pegler, Læssøe & 
Spooner (1995: Figs 129–130); Šmarda in Pilát (1958: 
Fig. 106); Smith (1951: Pl. 16, Fig. 1).  

Gasterocarp 18–45 mm in diameter × 
20–30 mm in height, globose, subglobose, 
depressed globose to obpyriform, occasionally 
plicate at base, attached by a white to off-white 

branching rhizomorph that is encrusted with 
particles of soil; ostiole slow to develop, small- 
to medium-sized, irregular-shaped and torn. 
Exoperidium white to off-white at first, 
becoming grayish orange (5B3–4), brownish 
orange (5C4–5) to yellowish brown (5D4–7), 
often darker, particularly at tips of ornamen-
tation that are brown (6E4), dark brown (6F4) 
to black colored, echinate, ornamentation 
persistent, more fugaceous toward the apex of 
the gasterocarp, endoperidium exposed between 
groups of ornaments; echinae short (up to 1.0 
mm in length), slender, often fused at tips. 
Endoperidium pale yellow (4A3), light yellow 
(4A4–5) to grayish yellow (4D5–6), glabrous, 
papery, dull, persistent. Gleba olive-brown 
(4D3–5) to light brown (5D4), cottony. 
Subgleba grayish yellow (4B–C3–4), composed 
of small- to medium-sized cells. 

Basidiospores globose, 4.0–5.6 × 4.0–5.6 
μm [X̄ = 4.8 ± 0.6 × 4.8 ± 0.6 μm, Qm = 1.0, n = 
20], asperulate, yellow in water mounts, with a 
central oil drop; pedicel short (up to 0.8 μm); 
sterigmal remnants absent from mounts. 
Capillitium of the Lycoperdon type; 
eucapillitial threads 4.0–8.0 μm diam., thick-
walled (up to 0.8 μm), elastic, yellow in water 
mounts, straight to subundulate, glabrous with 
abundant medium- to large-sized pores, 
aseptate, dichotomously branched; tips 
attenuate, long and narrow. Paracapillitial 
threads occasionally present, not abundant, 
septate. Exoperidium composed of orbicular 
sphaerocysts. Endoperidium composed of 
tightly interwoven hyphal elements. 

Habitat: Terrestrial and found in granitic soil or 
growing amid leaf or needle debris under aspen (Populus 
tremuloides), oak (Quercus spp.), or mixed conifers. This 
species occurs in the higher elevations of the state within 
the Petran montane conifer forest and Petran subalpine 
conifer forest biotic communities. 

Distribution: Known from throughout the United 
States, and previously reported from Alabama, California, 
Colorado, Florida, Idaho,Illinois, Maine, Michigan, New 
Hampshire, New York, North Carolina, North Dakota, 
Ohio, Oregon, Pennsylvania, Texas, Utah, Virginia, 
Washington, West Virginia, and Wyoming. Also 
reported from China, Europe and South Africa.  

Material examined: ARIZONA, Apache Co.: 
Greens Peak, on FR 61, off of FR 117, 18 August 2003, 
S.T. Bates STB00704 (hb. Bates). Coconino Co.: 
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Conconino NF, Snowbowl ski area, off of Snowbowl 
road (FR 516), 20 September 2003, S.T. Bates 
STB00730 (hb. Bates). Greenlee Co.: East side of Hwy. 
191 (roadside), ~1.5 mi. south of Hannigan’s Meadow 
campground entrance, 16 September 2002, S.T. Bates 
STB00098 (hb. Bates). CALIFORNIA, Santa Cruz Co.: 
Felton, 18, January 1967, H.D. Thiers 18538 (SFSU). 

Commentary: The minutely echinate 
puffball species require careful observation in 
order to arrive at a proper identification, and L. 
umbrinum is no exception. The best way to 
reliably distinguish Lycoperdon molle and other 
closely related species from L. umbrinum is to 
examine spore mounts under the light 
microscope. Asperulate spores that lack sterig-
mal remnants in the mount are characteristic of 
L. umbrinum, while verrucose spores with 
abundant sterigmal remnants in the mounts 
distinguish L. molle and its allies (see L. molle 
for further discussion). Lycoperdon lambinonii 
and L. ericeaum (both not reported from 
Arizona) could also be confused with L. 
umbrinum, and these species are likewise best 
distinguished using microscopic characters. 
Mounts with asperulate spores, sterigmal 
remnants, and eucapillitial threads that mostly 
lack pores distinguish L. lambinonii from L. 
umbrinum, which lacks sterigmal remnants in 
the mounts and has noticably pored eucapillitial 
threads. Lycoperdon ericaeum is very similar to 
L. umbrinum and is distinguished from the 
latter by the presence of subelastic eucapillitial 
threads and spores that are more densely 
ornamented and slightly smaller.  

 

Mycenastrum Desv., Annales des 
Sciences Naturelles; Botanique, Série 2, 17: 
147 (1842). 

Type species: Mycenastrum corium 
(Guers.) Desv., Ann. Sci. Nat.; Bot., Sér. 2, 17: 
147 (1842). 

 
25. Mycenastrum corium (Guers.) Desv., 
Annales des Sciences Naturelles; Botanique, 
Série 2, 17: 147 (1842).  

(Figs 11a–b, 17a, 17f) 
Basionym: Lycoperdon corium Guers., in de 

Candolle, Fl. Franc., Ed. 3, 2: 598 (1805). 

≡ Scleroderma corium (Guers.) A.H. Graves, Bot. 
Gall. 2: 852 (1830). 

Reported synonyms: = Bovista suberosa Fr., Syst. 
Mycol. 3: 26 (1829). 

= Mycenastrum chilense Mont., Ann. Sci. Nat., 
Bot., Sér. 2, 20: 375 (1843). 

= Mycenastrum phaeotrichum Berk., erk., London 
J. Bot. 2: 518 [as “418”] (1843). 

= Mycenastrum leptodermeum Durieu & Mont., 
Expl. Sci. Algerie 1: 386 (1849). 

= Bovista spinulosa Peck, Bot. Gaz. 3: 170 (1879). 
= Mycenastrum spinulosum Peck, Bot. Gaz. 6: 

240 (1881). 
= Scleroderma spinulosum (Peck) De Toni, Syll. 

Fung. 7: 141 (1888). 
Selected illustrations: Bottomley (1948: Pl. 65); 

Calonge (1992: Fig. 45); Coker & Couch (1928: Pl. 62); 
Guzmán (1969: Fig. 29); Šmarda in Pilát (1958: Figs 
125–129); Smith (1951: Pl. 25, Figs 1–2; Pl. 26, Fig. 1). 

Gasterocarp 60–95 mm in diameter × 
50–90 mm in height, globose subglobose, 
obovate to irregular-shaped, attached by a 
mycelial mat that is encrusted with particles of 
soil, occasionally plicate at base; ostiole lacking, 
peridia often forms deep fissures or breaks 
apart at the apex of the gasterocarp to expose 
the gleba. Exoperidium white to off-white at 
first, remaining white or becoming yellowish 
white (3–4A2) to orange-white (5A2), glabrous 
to minutely floccose, thin, breaking up into 
small-sized irregular-shaped, flaky patches that 
soon slough off of the gasterocarp. 
Endoperidium brownish gray (7C–E2), grayish 
brown (7D–E3), light brown (7D4–5) to brown 
(7E4–5), glabrous, occasionally pitted, thick 
(up to 4 mm), coriaceous to corky, persistent, 
developing vertical cracks at the apical portions 
of the gasterocarp, eventually splitting open 
entirely, at times forming stellate rays that turn 
outward, reminiscent of a large earthstar. Gleba 
yellowish brown (5D5–7), brown (6–7E6–8), 
reddish brown (8–9E6–8) to dark brown (8F4–
7 to 9E4–7), cottony at first, soon becoming 
pulverulent. Subgleba absent. 

Basidiospores globose, (8.8–)10.4–12.8 × 
(8.8–)10.4–12.8 μm [X̄ = 11.9 ± 1.0 × 11.9 ± 
1.0 μm, Qm = 1.0, n = 20], appearing echinate, 
verrucose to reticulate (but formed by deep 
pitting, see Fig. 17a), brown in water mounts,
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Fig. 11. Mycenastrum corium – RLG15211 (ARIZ): a) gasterocarp; b) eucapillitial thread (cap.), spores (sp.), and 
endoperidial hyphae (end.); Vascellum intermedium – STB00091 (hb. Bates): c) paracapillitial threads (cap.), spores 
(sp.), and exoperidial elements (exo.); d) gasterocarps; bars a, d = 2 cm; b, c = 4 µm.  
 
oil drop not apparent; pedicel rudimentary and 
difficult to discern due to the ornamentation; 
sterigmal remnants absent from mounts. 
Capillitium of the Mycenastrum type; 
eucapillitial threads 9.6–16.0 μm diam., thick-
walled (up to 2.4 μm), elastic, pale brown in 
water mounts, subundulate, glabrous, lacking 
pores, aseptate, units composed of thick 
dichotomously branched central strands with 
numerous smaller spinose branches; tips 
attenuate or occasionally rounded. Para-
capillitial threads absent. Exoperidium 
composed of thick-walled hyphal elements. 
Endoperidium composed of tightly interwoven 
hyphal elements. 

Habitat: Terrestrial and found in grassy areas, 
pastures, or in leafy debris under juniper (Juniperus spp.) 
and mesquite (Prosopis spp.). This species occurs in the 
lower to mid elevations of the state within the Lower 
Colorado River Valley subdivision of the Sonoran 
desertscrub and semidesert grassland biotic communities.  

Distribution: Common in many parts of the 
United States, abundant in the West, and previously 
reported from California, Colorado, Florida, Idaho, 
Illinois, Michigan, Montana, and Wyoming. Also 

reported from Asia, Australia, Europe, India, Mexico, 
New Zealand, South Africa and South America. 

Material examined: ARIZONA, Coconino Co.: 
Baderville, 15 November 1994, G. Poiŕer AEF1320 
(MICH). Cochise Co.: Pinery Canyon, Chiricahua Mts., 
01 September 1984, R.L. Gilbertson RLG15210 (ARIZ); 
Pinery Canyon, Chiricahua Mts., 01 September 1984, 
R.L. Gilbertson RLG15211 (ARIZ). Maricopa Co.: M. 
Wert residence, 1233 E. Yucca, Phoenix, 24 November 
2002, S.T. Bates STB00113 (hb. Bates). Pinal Co.: 
Freedman Rd., south of Florence (near corral), 01 August 
1979, M. Olsen (ARIZ AN014721). COLORADO, La 
Plata Co.: Durango, 23 October 1997, J.P. Lindsey 
(ARIZ AN030154).  

Commentary: Mycenastrum corium is 
unique among the medium-sized puffballs 
found in Arizona and is distinguished by the 
globose or irregular-shaped gasterocarp with a 
thick, brown colored endoperidium and a 
pulverulent gleba. The manner in which the 
endoperidium splits apart as vertical cracks 
develop in the apical portion of the gasterocarp 
is reminicent of Calvatia pachyderma; however, 
that species has a white to off-white 
endoperidium and the spore mass in mature 
specimens is normally yellow to olive-brown
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rather than reddish brown to dark brown as is 
commonly found in M. corium. Calvatia 
bicolor is also somewhat similar; however, that 
species has a thinner endoperidium and a spore 
mass that is normally a lighter shade of brown. 
In addition, these species are easily 
distinguished microscopically as M. corium has 
conspicuous spinose eucapillitial threads (see 
Figs 11b, 17f) that are not encountered in other 
medium- to large-sized puffball species. 
Another unique character is the pitting that can 
be observed in the spores under high 
magnification in the scanning electron micro-
scope (see Fig. 17a). A wide range of variation 
in the shape of the gasterocarp and the color of 
the spore mass has resulted in M. corium being 
described under several different epithets, now 
commonly accepted as synonyms.  

 

Vascellum F. Šmarda, in Pilát, Flora ČSR, 
B–1, Gasteromycetes: 760 (1958). 

Type species: Vascellum depressum 
(Bonord.) F. Šmarda, in Pilát, Flora ČSR, B–1, 
Gasteromycetes: 305 (1958).  

 
26. Vascellum intermedium A.H. Sm., 

Numéro Spécial du Bulletin de la Société 
Linnéenne de Lyon 43: 417 (1974). 

(Figs 11c–d, 17b) 
Selected illustrations: Smith (1974: Fig. 5). 
Gasterocarp 10–25(–35) mm in diameter 

× 10–20 mm in height, globose, subglobose to 
depressed globose, sharply tapering at the base, 
attached by a thin rhizomorph or mycelial patch 
that is encrusted with particles of soil; ostiole 
developing with the sloughing of the 
exoperidium, small- to medium-sized orbicular 
or irregular-shaped. Exoperidium white to off-
white at first, remaining white or becoming 
yellowish white (3–4A2) to pale yellow (4A3), 
verrucose; verrucae up to 1.5 mm in length, 
broad, pyramidal, often fused and/or recurved 
at tips, sloughing off apical portions of the 
gastercarp in small plates. Endoperidium 
yellowish gray (4B2) to grayish yellow (4B3), 
minutely furfuraceous, papery, dull, persistent 
or occasionally fragile. Gleba grayish yellow 
(4B–C4–5) to olive-brown (4D5–6), cottony at

first, oon becoming pulverulent. Subgleba 
grayish yellow (4B3–4), composed of small- to 
medium-sized cells, often reduced; diaphragm 
well delineate. 

Basidiospores globose to subglobose, 
4.0–5.6 × (3.2–)4.0–4.8 μm [X̄ = 4.8 ± 0.4 × 4.4 
± 0.5 μm, Qm = 1.1, n = 20], asperulate to 
asperate, hyaline to yellow in water mount, 
with a central oil drop; pedicel short (up to 0.8 
μm in length); sterigmal remnants absent from 
mounts. Eucapillitial threads absent. Para-
capillitium abundant, thin-walled, hyaline, 
straight to subundulate with occasional knob-
like projections or dichotomous branches, 
septate. Exoperidium composed of interwoven 
inflated hyphal elements with rounded or 
lanceolate tips, and orbicular to irregular-
shaped sphaerocysts. Endoperidium composed 
of tightly interwoven hyphal elements. 

Habitat: Terrestrial and found on soil or in grass 
under pinyon (Pinus edulis) or juniper (Juniperus spp.). 
This species occurs in the higher elevations of the state 
within the Petran montane conifer forest biotic 
community.  

Distribution: Known only from the southwestern 
United States, and previously reported from Texas. Also 
reported from Europe. 

Material examined: ARIZONA, Apache Co.: 1.5 
mi in on the road to the ranch at South Fork (FR 560) off 
of Hwy. 260, N side of road, E of Springerville, 16 
August 2002, S.T. Bates STB00091 (hb. Bates). 

Commentary: Superficially, Vascellum 
intermedium strongly resembles Lycoperdon 
marginatum (see that species for further 
discussion). These two species can be easily 
separated microscopically as the gleba of the 
former contains only paracapillitial threads, 
while the latter typically contains numerous 
eucapillitial threads and on a few paracapillitial 
threads. Macroscopically, V. intermedium is 
normally slightly smaller in stature than L. 
marginatum. In addition, the former lacks a 
granular endoperidium and sheds its exoperi-
dium in slightly smaller patches than the latter. 
Vascellum texense is also very similar to V. 
intermedium; however, the exoperidium of V. 
texense is not coarsely ornamented. Vascellum 
texense is also generally smaller in stature and 
more fragile than V. intermedium.  
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Fig. 12. Vascellum lloydianum – STB00774 (hb. Bates): a) gasterocarps; b) eucapillitial and paracapillitial threads (cap.), 
spores (sp.), and exoperidial elements (exo.); Vascellum texense – AN014591 (ARIZ): c) paracapillitial threads (cap.), 
spores (sp.), and exoperidial elements (exo.); d) gasterocarps; bars a, d = 2 cm; b, c = 4 µm. 
 
27. Vascellum lloydianum A.H. Sm., Numéro 
Spécial du Bulletin de la Société Linnéenne de 
Lyon 43: 410 (1974). (Figs 12a–b, 17c) 

Reported synonyms: = Lycoperdon subpratense 
(Lloyd) P. Ponce De León, Fieldiana, Bot. 82: 113 
(1970). 

Selected illustrations: Smith (1974: Figs 2–3). 
Gasterocarp 15–40 mm in diameter × 

10–37 mm in height, subglobose, depressed 
globose, broadly obpyriform to turbinate, basal 
portions broad, bowl-shaped, occasionally 
plicate, attached at base by fine branching 
rhizomorphs or small mycelial mat that is 
encrusted with particles of soil; ostiole 
developing with the sloughing off of the 
exoperidium, medium- to large-sized, irregular-
shaped and torn, often expanding with age and 
weather until the entire apical portion of the 
gasterocarp has worn away. Exoperidium white 
to off-white at first, becoming pale yellow 
(4A3), yellowish gray (4B2), grayish yellow 
(4B3–4), orange-white (5A2), orange gray (5B2) 
to grayish orange (5B3–4), echinulate to 
echinate, ornamentation fugacious toward the 

apical portions of the gasterocarp and more 
persistent toward the basal portions; echinae 
short (up to 1.0 mm in length), erect at first, 
often becoming more appressed with age, 
sloughing off slowly, often falling individually. 
Endoperidium yellowish white (4A2) to grayish 
yellow (4B3–5), glabrous, occasionally puncti-
culate, papery, dull, becoming more fragile and 
disintegrating with age. Gleba grayish yellow 
(4C3–5) to olive-brown (4D4–6–E6), cottony at 
first, soon becoming pulverulent. Subgleba pale 
yellow (4A3) to grayish yellow (4B3–5), 
composed of medium-sized cells, occasionally 
reduced; diaphragm not well delineate. 

Basidiospores globose to subglobose, 
4.0–5.6 × 4.0–4.8 μm [X̄ = 4.7 ± 0.5 × 4.3 ± 0.4 
μm, Qm = 1.1, n = 20], asperulate to asperate, 
hyaline to yellow in water mounts, with a 
central oil drop; pedicel short (up to 0.8 μm in 
length), or occasionally longer (up to 2.4 μm in 
length); sterigmal remnants scarce to abundant 
in mounts. Capillitium of the Lycoperdon type, 
when present; eucapillitial threads normally
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Fig. 13. Basidiospores under SEM: a) Bovista aestivalis – STB00075 (hb. Bates); b) Bovista plumbea – STB00087 (hb. 
Bates); c) Calvatia bicolor – LNG756-58 (ARIZ); d) Calvatia booniana – AEF1323 (MICH); e) Calvatia craniiformis – 
AN014711 (ARIZ); f) Calvatia cyathiformis – AEF780 (MICH); bars a, c–f = 1 µm; b = 2 µm. 
 
scarce or present near the endoperidium, but 
not abundant throughout the gleba, 3.2–8.0 μm 
diam., thick-walled (up to 0.8 μm), elastic, 
yellow in water mounts, straight to subundulate, 
glabrous, occasionally finely encrusted, 
occasional small- to medium-sized pores, 
aseptate, occasional dichotomous branching or 
knob-like projections; tips attenuate, narrow, 
often subundulate. Paracapillitial threads 
abundant, thin-walled, hyaline, straight to 
subundulate, septate. Exoperidium composed of 
orbicular sphaerocysts, occasionally filled with 
pigments. Endoperidium composed of tightly 

interwoven hyphal elements, occasionally 
inflated.  

Habitat: Terrestrial and found in grassy areas in 
or near mixed conifer forest. This species occurs in the 
higher elevations of the state within the Petran subalpine 
conifer forest biotic community. 

Distribution: Known mainly from the western 
United States, and previously reported from California, 
Oregon and Washington. Also reported from Brazil. 

Material examined: ARIZONA, Coconino Co.: 
San Francisco Peaks area, Coconino Nat. Forest, off of 
Snowbowl Road (FR516), 24 August 2003, S.T. Bates 
STB00713 (hb. Bates). 

Commentary: Vascellum lloydianum
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Fig. 14. Basidiospores under SEM: a) Calvatia fragilis – AN014673 (ARIZ); b) Calvatia cf. leiospora – AN014671 
(ARIZ); c) Calvatia pachyderma – AN014692 (ARIZ); d) Calvatia aff. rugosa – AN014651 (ARIZ); e) Disciseda 
candida – STB00304 (hb. Bates); f) Disciseda cervina – STB00484 (hb. Bates); bars a–f = 1 µm. 
 
superficially resembles V. pratense (not 
reported from Arizona); however, the latter has 
a more developed diaphragm, whereas V. 
lloydianum has a poorly developed diaphragm. 
Smith (1974) suggested that L. pratense occurs 
only rarely in the United States, if at all. This 
species could be confused with Lycoperdon 
calvescens; however, that species has an 
exoperidium that is more strongly ornamented 
and composed of large sphaerocysts (55.0 μm 
in diam.) with intracellular pigments. Smith 
(1974) discussed the taxon Vascellum 
subpratense (Lloyd) P. Ponce De León that is 

possibly conspecific with V. lloydianum A.H. 
Sm. However, Ponce De León (1970) 
apparently typified his taxon with an immature 
specimen of L. calvescens and it is, therefore, a 
nomen rejiciendum as proposed by Demoulin 
(1971a).  

 
28. Vascellum texense A.H. Sm., Numéro 
Spécial du Bulletin de la Société Linnéenne de 
Lyon 43: 416 (1974).  (Figs 12c–d, 17d) 

Selected illustrations: Homrich & Wright (1988: 
Figs 19–20, 79–83, 91); Smith (1974: Fig. 4). 

Gasterocarp 5–20(–30) mm in diameter ×
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Fig. 15. Basidiospores under SEM: a) Disciseda hyalothrix – AN014562 (ARIZ); b) Disciseda verrucosa – STB00085 
(hb. Bates); c) Holocotylon brandegeeanum – STB00111 (hb. Bates); d) Lycoperdon cf. dermoxanthum – STB00624 (hb. 
Bates); e) Lycoperdon lividum – WHL7964 (BPI); f) Lycoperdon marginatum – STB00070 (hb. Bates); bars a–f = 1 µm. 
 
5–20 mm in height, globose, subglobose to 
depressed globose, occasionally plicate at base, 
attached by a small mycelial pad that is 
encrusted with particles of soil; ostiole 
developing with the sloughing off of the 
exoperidium, small at first and becoming large, 
irregular-shaped and torn with age and weather. 
Exoperidium white to off-white at first, 
becoming yellowish white (4A2), pale yellow 
(4A3), light yellow (4A4), yellowish gray (4B2) 
to grayish orange (5B3–4), upper portions of 
the gasterocarp rugulose to minutely 
verruculose, lower portions more noticeably 
verruculose to echinulate, fragile, breaking 

apart toward the apex, or sloughing off in small 
plates from the apical portions of the 
gasterocarp; verrucae sub-flocculent, often 
appressed. Endoperidium yellowish white 
(4A2), grayish yellow (4B3–4) to grayish 
orange (5B3), glabrous, occasionally puncticu-
late, papery, dull, breaking up and/or sloughing 
off as does the exoperidium. Gleba yellowish 
gray (4B2) to grayish yellow (4B–C3–4), 
cottony at first, soon becoming pulverulent. 
Subgleba yellowish white (4A2) to yellowish 
gray (4B2), composed of medium-sized cells, 
often reduced to nearly absent; diaphragm not 
well delineated. 
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Fig. 16. Basidiospores under SEM: a) Lycoperdon molle – AEF771 (MICH); b) Lycoperdon perlatum – AN014670 
(ARIZ); c) Lycoperdon pulcherrimum – STB00066 (hb. Bates); d) Lycoperdon pyriforme – AEF765 (MICH); e) 
Lycoperdon rimulatum – STB00073 (hb. Bates); f) Lycoperdon umbrinum – STB00730 (hb. Bates); bars a–f = 1 µm. 
 

Basidiospores globose, 4.0–4.8(–5.6) × 
4.0–4.8(–5.6) μm [X̄ = 4.6 ± 0.4 × 4.6 ± 0.4 μm, 
Qm = 1.0, n = 20], asperulate to asperate, 
hyaline to yellow in water mounts, with a 
central oil drop; pedicel short (up to 0.8 μm in 
length) or absent; sterigmal remnants mostly 
absent from mounts. Eucapillitial threads 
absent. Paracapillitial threads thin-walled, 
hyaline, straight to subundulate with occasional 
knob-like projections or dichotomous branches, 
septate. Exoperidium composed of elongate, 
ovoid or irregular-shaped sphaerocysts. 
Endoperidium composed of tightly interwoven

septate, thick-walled hyphal elements. 
Habitat: Terrestrial and found on soil in open 

areas or woodlands. This species occurs in the mid to 
higher elevations of the state within the Great Basin 
conifer woodland and interior chaparral biotic 
communities. 

Distribution: Known only from the southwestern 
United States, and previously reported from Arizona and 
Texas. Not reported from other parts of the world. 

Material examined: ARIZONA, Cochise Co.: S. 
W. Research Station grounds, 10 October 1970, J.P. 
Lindsey JPL36 (ARIZ). Gila Co.: Tonto Nat. Forest, 01 
August 1934, W.H. Long WHL8884 (BPI). Yavapai Co.: 
Wolf Creek, Prescott Nat. Forest, 20 August 1934, K.D. 
Butler WHL7982 (BPI). 
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Fig. 17. Basidiospores (a–d) and Eucapillitial threads (e–f) under SEM: a) Mycenastrum corium – AN014719 (ARIZ); b) 
Vascellum intermedium – STB00091 (hb. Bates); c) Vascellum lloydianum – Quinby 122-K (MICH); d) Vascellum 
texense – AN014591 (ARIZ); e) elongated pores in a eucapillitial thread of Calvatia cf. leiospora – AN014671 (ARIZ); 
f) a spiny, branching eucapillitial thread found in the Mycenastrum type capillitium of M. corium – AN014719 (ARIZ); 
bars a = 2 µm; b–e = 1 µm; f = 20 µm. 
 

Commentary: The small stature, fragile 
nature, minutely verruculose exoperidium, and 
gleba exhibiting paracapillitial threads but 
lacking eucapillitial threads, distinguishes this 
small puffball from all others. Bovista aestivalis 
and L. cf. dermoxanthum are similar in size and 
stature; however, these species have more 
persistent peridia and eucapillitial threads are 
found in abundance within the gleba. Vascellum 
texense could also superficially be confused 
with Holocotylon brandegeeanum; however, 
the gleba found within that species is very 

distinct having labyrinthiform to sinuous tramal 
plates that form numerous locules and lacking a 
capillitium. 
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