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Floristic study of Geastrum in Japan: three new records for Japanese 
mycobiota and reexamination of the authentic specimen of Geastrum minus 
reported by Sanshi Imai

geous, or epigeous. The exoperidium splits at maturity from 
the top in a stellate manner and exposes an endoperidial 
body attached at one point of the fi brous layer of the exo-
peridium (Sunhede 1989). Ecologically, the members of this 
genus grow on various habitats, e.g., from sandy soil of arid 
or semiarid areas to rich soil, humus, or decayed wood in 
humid forest.

This genus has been systematically revised by several 
authors (Staněk 1958; Ponce de Leon 1968; Demoulin 1984; 
Dörfelt and Müller-Uri 1984; Dörfelt and Heklau 1987; 
Sunhede 1989), and currently about 50 species are included 
in this group (Kirk et al. 2001). Geastrum has been inten-
sively studied in Europe (Staněk 1958; Dörfelt et al. 1979; 
Calonge 1981; Sunhede 1989), Central and South Africa 
(Bottomley 1948; Dissing and Lange 1962), North America 
(Lloyd 1902; Long and Stouffer 1948), and Latin America 
(Pérez-Silva et al. 1999; Baseia et al. 2003; Esqueda et al. 
2003; Leite et al. 2007). However, this genus is poorly docu-
mented in Northeast Asia. Although 15 species of Geastrum 
have hitherto been recorded from Japan (Imai 1936; 
Kawamura 1954; Ito 1959; Yoshimi and Hongo 1989; 
Sakamoto and Kasuya 2008), this genus has not yet been 
comprehensively studied in this country.

Recently, during our fl oristic investigations of Geastrum 
from Japan (Yamamoto and Yamamoto 2007; Sakamoto 
and Kasuya 2008), some noteworthy specimens of this genus 
have been examined. In this article, we describe and illus-
trate three new distributional records from Japan, based on 
morphological observations: G. berkeleyi Massee, G. forni-
catum (Huds.) Hook., and G. minimum Schwein. More-
over, we reexamine and discuss authentic specimen of 
“Geastrum minus” auct. non (Pers.) G. Cunn.: Imai (1936). 
Imai (1936) newly recorded this fungus from Japan with an 
orthographic error, “G. minum,” and he put G. quadrifi dum 
Pers. (as G. quadrifi dum β minum Pers.) and G. minimum 
(as Geaster minimum Schwein.) into synonymies of “G. 
minus” (Imai 1936). However, G. quadrifi dum and G. 
minimum are now defi ned as two separated, good, natural 
taxa (Staněk 1958; Dörfelt et al. 1979; Calonge 1981, 1998; 
Sunhede 1989). The description of “G. minus” (Imai 1936) 
is very brief and is mainly based on macroscopic characters 
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Abstract Geastrum berkeleyi, G. fornicatum, and G. 
minimum are newly recorded from Japan. A peristome of 
G. fornicatum has hitherto been described as indistinct, 
whereas the Japanese specimens have a well-delimited, 
fi brillose peristome. Geastrum minus, reported for the fi rst 
time from Japan by Sanshi Imai, represents G. quadrifi dum. 
Macroscopic and microscopic features of those four taxa are 
described and illustrated based on Japanese specimens.

Key words Basidiomycota · Gasteromycetous fungi · Geast-
raceae · Geastrum

Introduction

The genus Geastrum Pers., which is a member of the Geast-
raceae, Geastrales, is characterized by an exoperidium 
divided into two or three layers, an endoperidium with peri-
stome, a gleba with distinct or indistinct columella, and with 
or without a stalk. Immature basidiomata are globose or 
subglobose to obovate or lageniform, hypogeous, subhypo-
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without detailed descriptions of microscopic features. 
Therefore, reexamination of the authentic specimen of “G. 
minus” (Imai 1936) is needed to clarify its taxonomic posi-
tion. According to our morphological observations, Imai’s 
authentic material (Imai 1936) represents G. quadrifi dum. 
Therefore, we redescribed and illustrated G. quadrifi dum 
from Japan based on Imai’s specimen and the additional 
Japanese materials.

Materials and methods 

The specimens examined in this study are deposited in the 
herbaria of the National Museum of Nature and Science, 
Tokyo (TNS), Hokkaido University Museum, Sapporo 
(SAPA), and Ibaraki Nature Museum, Bando (INM). Mac-
roscopic characters were described by observations on dried 
or fresh materials. For light microscopic observations, free-
hand sections of dried or fresh specimens were mounted in 
water, 3% or 5% (w/v) KOH, and 30% ethanol solution on 
glass slides. More than 40 randomly selected basidiospores 
were measured under a light microscope at 1000× magnifi -
cation. Length measurements excluded the apiculus. The 
surface features of basidiospores were also observed by 
scanning electron microscopy (SEM). For SEM, small 
portion from the gleba were dusted onto double-sided 
adhesive tape on a specimen holder and coated with plati-
num-palladium using an E-1030 Ion Sputter Coater (Hitachi, 
Tokyo, Japan). They were examined with a S-4200 SEM 
(Hitachi) operating at 20 kV.

Three new records of Geastrum in Japan

Geastrum berkeleyi Massee, Ann. Bot. 4:79, 1889.
 Figs. 1, 7–9

= G. pseudostriatum Hollós, Math. Termész. Értes 19:505, 
1901.
= G. hollosii V.J. Staněk, Geastraceae. In: Pilát (ed.), Flora 
CSR B-l, p. 789, 1958.

Basidiomata hypogeous to subhypogeous, globose to 
subglobose when young, about 20–50 mm in diameter, 
surface encrusted with debris, pale brown to brown. 
Expanded basidiomata 40–70 mm across, exoperidium 
splitting into 5–9 rays that become refl exed and usually 
arched downward, nonhygroscopic, although sometimes 
partly curled back when dry. Mycelial layer well developed, 
whitish, with plant debris and soil particles. Fibrous layer 
papery, pale brown to brown. Pseudoparenchymatous layer 
whitish at fi rst, later becoming brown to dark brown, tending 
to fragment and peel off in several patches. Endoperidial 
body stipitate, subglobose to pyriform, 10–20 mm in diam-
eter, often constricted below and with an indistinct apophy-
sis. Stalk short, 1–3.5 mm long, pale brown to brown. 
Endoperidium brown to grayish brown, conspicuously 
roughened with minute, irregular verrucae except for a 

smooth, circular area surrounding the peristome. Peristome 
conical, 2–3.5 mm long, distinctly plicate with about 20–30 
folds. Columella depressed globose, subglobose to clavate. 
Mature gleba olivaceous brown to dark brown.

Pseudoparenchymatous layer consisting of thin-walled, 
hyaline to pale brown, bladder-like hyphae 10–35 μm wide. 
Hyphae of the columella 1.5–7 μm in diameter, thick walled, 
pale brown to hyaline. Hyphae of the capillitium yellowish 
brown, thick walled, 2–10 μm in diameter, tapered gradu-
ally toward subacute tips, surface smooth or encrusted. 
Basidia not seen. Basidiospores globose, densely verrucose, 
thick walled, olivaceous brown to dark brown, 4.5–6.5 μm 
in diameter (mean = 5 μm) excluding ornaments, 5–7 μm in 
diameter (mean = 5.5 μm) including ornaments, verrucae to 
0.5 μm high, basal apiculus prominent.

Habitat: Solitary or scattered on well-drained, rich cal-
careous soil in evergreen broad-leaved forest.

Distribution: Japan (Kochi), China (Zhou et al. 2007), 
and Europe (Massee 1889; Calonge 1981, 1998; Kotlaba and 
Pouzer 1987; Sunhede 1989; Pegler et al. 1995).

Specimens examined: Japan, Kochi Pref., Takaoka-gun, 
Sakawa-cho, Nishiyama-ko, October 20, 2006, coll. Y. 
Yamamoto, TNS-F-16965; Kochi Pref., Takaoka-gun, Ochi-
cho, Mt. Yokogura, October 2, 2007, coll. Y. Yamamoto, 
TNS-F-16966.

Japanese name: Ibo-hime-tsuchiguri (newly named).
Remarks: Geastrum berkeleyi is well characterized by 

arched, nonhygroscopic exoperidial rays, conspicuously 
roughened endoperidium with minute, irregular verrucae, 
and distinctly plicate, conical peristome. Morphological 
characteristics of the specimens examined are in good 
agreement with the previous descriptions of G. berkeleyi 
(Massee 1889; Calonge 1981, 1998; Kotlaba and Pouzer 
1987; Sunhede 1989; Pegler et al. 1995).

Geastrum campestre Morgan, G. kotlabae V.J. Staněk, 
and G. pouzarii V.J. Staněk are other species having a 
plicate, conical peristome and roughened endoperidia 
(Sunhede 1989). However, G. campestre and G. pouzarii 
are clearly distinguished from G. berkeleyi by their hygro-
scopic rays of the exoperidia and smaller basidiomata than 
G. berkeleyi [G. campestre: 8–29 mm in diameter; G. pou-
zarii: 9–30 mm (Sunhede 1989)]. Geastrum kotlabae is also 
distinguishable from G. berkeleyi by its strongly hygroscopic 
rays of the exoperidium and the nonstipitate endoperidial 
bodies (Staněk 1958; Dörfelt et al. 1979; Sunhede 1989; 
Calonge 1998; Sakamoto and Kasuya 2008). Geastrum 
hieronymi P. Henn. and G. pseudolimbatum Hollós are also 
morphologically similar to G. berkeleyi in having nonhygro-
scopic rays of exoperidia, short-stipitate endoperidial 
bodies, and roughened endoperidia (Coker and Couch 
1928; Long and Stouffer 1948; Sunhede 1989; Leite et al. 
2007). However, those two species clearly differ from G. 
berkeleyi by their nonplicate, fl at to mammiform, fi brillose 
peristomes.

Hitherto, the three species of Geastrum having a plicate 
peristome, i.e., G. elegans Vittad. (= G. badium Pers.), G. 
pectinatum Pers., and G. schmidelii Vittad. (= G. nanum 
Pers.), are known from Japan (Imai 1936; Ito 1959; Yoshimi 
and Hongo 1989). However, G. berkeleyi is distinctively 
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separated from those three species by its roughened, pale 
brown to brown endoperidium.

Geastrum fornicatum (Huds.) Hook., Fl. Londinensis 4:575, 
1821. Figs. 2, 3, 10, 11, 16, 17

Basidiomata hypogeous to subhypogeous, globose to sub-
globose when young, about 10–20 mm in diameter, surface 
encrusted with debris, yellowish brown to brown. Expanded 
basidiomata 25–50 mm across, fornicate, exoperidium split-
ting into 3–6 rays that become often almost straight and 
vertical, with incurved margins attached to the mycelial 

layer, nonhygroscopic, although sometimes partly curled 
back when dry. Mycelial layer well developed, cup shaped, 
whitish, with plant debris and soil particles. Fibrous layer 
papery, pale brown, brown to reddish brown. Pseudoparen-
chymatous layer whitish at fi rst, later becoming pale brown 
to brown, tending to fragment and peel off in several 
patches. Endoperidial body stipitate, subglobose to ovoid, 
7–20 mm in diameter, with a distinct or indistinct apophysis. 
Stalk short, 1–2 mm long, pale brown to grayish brown. 
Endoperidium pale brown to grayish brown, fi nely puberu-
lent and pruinate, with whitish crystalline material, except 
for a smooth, circular area surrounding the peristome. Peri-

Figs. 1–6. Mature basidiomata 
of Geastrum species. 1 G. 
berkeleyi (TNS-F-16966). 2 G. 
fornicatum in natural habitat 
(TNS-F-18202). 3 G. fornicatum 
(TNS-F-18203). 4 G. minimum 
(TNS-F-243735). 5 G. 
quadrifi dum in natural habitat 
(TNS-F-18206). 6 Authentic 
specimen of “Geastrum minus” 
auct. non (Pers.) G. Cunn.: Imai 
(SAPA 1109). Bars 1–3 1.5 cm; 
4 7 mm; 5,6 6 mm
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stome surface fi brillose, conspicuously distinct, 1–2.5 mm 
long, paler than endoperidium. Columella conical, cylindri-
cal to clavate. Mature gleba brown to dark brown.

Mycelial layer consisting of 1–1.5 μm thick, thin-walled, 
hyaline to cream, smooth fi lamentous hyphae. Pseudopar-
enchymatous layer consisting of thin-walled, hyaline to pale 
brown, bladder-like hyphae 5.5–15 μm thick. Peristome 
consisting of thick-walled, pale brown, smooth to minutely 
verrucose, nonbranched, 4–6.5 μm thick fi lamentous hyphae. 
Hyphae of the columella 1.5–7.5 μm thick, fi lamentous, 
thick walled, hyaline to pale yellowish brown. Hyphae of 
the capillitium yellowish brown, thick walled, 4–5.5 μm 
thick, tapered gradually toward subacute tips, rarely dichot-
omously branched, surface smooth or minutely encrusted. 
Basidia not seen. Basidiospores globose, minutely verru-
cose, thick walled, yellowish brown to dark brown, 3–4.5 μm 
in diameter (mean = 4 μm) excluding ornaments, 4.5–5 μm 
in diameter (mean = 4.7 μm) including ornaments, verrucae 
to 0.5 μm high, basal apiculus prominent.

Habitat: Solitary or scattered on rich soil in broad-leaved 
forests.

Distribution: Japan (Tokyo, Saitama, Mie and Hyogo), 
Europe (Calonge 1981, 1998; Sunhede 1989; Pegler et al. 
1995), North America (Long and Stouffer 1948), and Latin 
America (Esqueda et al. 2003; Leite et al. 2007).

Specimens examined: Japan, Metropolitan Tokyo, 
Bunkyo-ku, Honkomagome, Rikugien, March 27, 1993, 
coll. H. Nakayama, TNS-F-18194; same place, April 4, 1993, 
coll. H. Nakayama, TNS-F-18195; same place, November 
27, 1993, coll. H. Nakayama, TNS-F-18196; same place, 
December 5, 1993, coll. H. Nakayama, TNS-F-18197; same 

place, January 19, 1994, coll. H. Nakayama, TNS-F-18198; 
same place, February 19, 1994, coll. H. Nakayama, TNS-F-
18199; same place, September 15, 1994, coll. H. Nakayama, 
TNS-F-175038; same place, November 19, 1994, coll. H. 
Nakayama, TNS-F-18200; same place, March 6, 1996, coll. 
H. Nakayama, TNS-F-18201; same place, March 31, 1996, 
coll. H. Nakayama, TNS-F-18202; Saitama Pref., Saitama-
shi, Minuma-ku, December 23, 2006, coll. G. Yokoyama, 
TNS-F-18203; Mie Pref., Ise-shi, Yamada, Ise-jingu Geku, 
October 1924, coll. Uega, TNS-F-200512; Hyogo Pref., 
Kobe-shi, Kita-ku, Yamada-cho, May 16, 2004, coll. M. 
Nabe, TNS-F-18204. United States, California, Alameda 
County, Berkeley, University of California campus, January 
15, 1979, coll. I. Tarves, TNS-F-6348.

Japanese name: Taiko-hime-tsuchiguri (newly named).
Remarks: Japanese specimens of G. fornicatum are mac-

roscopically and microscopically nearly identical with a 
specimen collected from the United States (TNS-F-6348) 
and the earlier descriptions of this species (Long and 
Stouffer 1948; Calonge 1981, 1998; Sunhede 1989; Pegler et 
al. 1995; Leite et al. 2007), with the exception of peristome 
morphology. A studied North American specimen (TNS-F-
6348) has indistinct, fi mbriate peristome. Moreover, several 
authors (Long and Stouffer 1948; Calonge 1981, 1998; 
Sunhede 1989; Leite et al. 2007) described a peristome of 
G. fornicatum as indistinctly delimited, mammiform to fi m-
briate. In the studied Japanese materials, we recognized a 
peristome to be well delimited, fi brillose. However, all other 
morphological features were identical with those of G. for-
nicatum. Therefore, we think that the morphology of the 
peristome of this species is variable.

A B

D

C

Fig. 7. Geastrum berkeleyi 
(TNS-F-16965). A Mature 
basidioma. B Plicate peristome. 
C Spinules on the endoperidial 
body. D Capillital hyphae and 
basidiospore. Bars A 1 cm; B 
2 mm; C 0.3 mm; D 10 μm
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Figs. 8–15. Basidiospores of 
Geastrum species. 8, 9 G. 
berkeleyi (TNS-F-16966). 10, 11 
G. fornicatum (TNS-F-18202). 
12, 13 G. minimum (TNS-F-
13034). 14 G. quadrifi dum (TNS-
F-18156). 15 Authentic specimen 
of “G. minus” (SAPA 1109). 
Bars 8 1 μm; 9, 11, 13, 14 1.5 μm; 
10 2.31 μm; 12 1.2 μm; 15 
1.67 μm
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Geastrum dissimile Bottomley is morphologically similar 
to G. fornicatum in having fornicate, mostly 4–5, rays of 
exoperidium and pale brown to grayish brown, conspicu-
ously puberulent endoperidium with distinct apophysis 
(Bottomley 1948). However, G. dissimile is clearly distin-
guished from G. fornicatum by its silky, fi mbriate, smooth 
peristome. Geastrum leptospermum Atk. & Coker, G. 
quadrifi dum, and G. welwitschii Mont. are also morphologi-
cally similar to G. fornicatum in having fornicate, mostly 
3–6 rays, of exoperidia and a cup-shaped mycelial layer. 
However, G. leptospermum and G. quadrifi dum are well 
separated from G. fornicatum by their whitish fi brous layer 
and smaller basidiomata than the latter [G. leptospermum: 
5–10 mm in diameter; G. quadrifi dum: 9–25 mm (Coker and 
Couch 1928; Sunhede 1989)]. Further, basidiospores of G. 
quadrifi dum are larger (4.5–6 μm in diameter) than those 
of G. fornicatum. Geastrum welwitschii is clearly different 
from G. fornicatum by its epigeal mycelial cup with a felted 
or tufted outer surface (Sunhede 1989; Calonge 1998).

Geastrum minimum Schwein., Schriften Nat. Ges. Leipzig 
1:58, 1822. Figs. 4, 12, 13, 18

= Geaster marginatum Vittad., Monogr. Lycoperd.: 19, 
1842.
= Geaster cesatii Rabenh., Bot. Zeitung 9:628, 1851.

Basidiomata hypogeous to subhypogeous, globose to 
subglobose when young, about 10–15 mm in diameter, 
surface encrusted with debris, whitish to pale brown. 
Expanded basidiomata 20–35 mm across, exoperidium 
splitting into 4–9 rays that sometimes become arched or 
curved downward, nonhygroscopic although sometimes 
partly curled back when dry. Mycelial layer well developed, 
whitish, persistent, with plant debris and soil particles, 
attached to the fi brous layer for a long time, without forming 
a mycelial cup. Fibrous layer papery, white, cream to pale 
brown, outer side covered by the mycelial layer. Pseudopar-
enchymatous layer whitish at fi rst, later becoming brown to 
dark brown, sometimes forming a collar-like patch around 

A B

C D

-

-

-

Fig. 16. Geastrum fornicatum 
(TNS-F-18202). 
A Mature basidioma. 
B Fibrillose peristome. 
C Pseudoparenchymatous cells. 
D Hyphae of peristome. 
Bars A 1.5 cm; B 1 mm; 
C 7 μm; D 5.5 μm
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the stalk. Endoperidial body stipitate, depressed globose to 
subglobose, 5–10 mm in diameter, often with an indistinct 
apophysis. Stalk short, 1–2 mm long, pale brown to grayish 
brown. Endoperidium pale brown to grayish brown, almost 
smooth when old, but usually pruinate with whitish crystal-
line material in fresh basidiomata except for a smooth, cir-
cular area surrounding the peristome. Peristome surface 
fi brillose, distinct, 1–1.5 mm long. Columella cylindrical 
to clavate, sometimes indistinct. Mature gleba olivaceous 
brown to brown.

Pseudoparenchymatous layer consisting of thin-walled, 
hyaline to pale brown, bladder-like hyphae 10–40 μm thick. 
Hyphae of the columella 1.5–10 μm thick, hyaline to pale 
yellowish brown, thick walled. Hyphae of the capillitium 
yellowish brown, thick walled, 2–8 μm thick, tapered gradu-
ally toward subacute tips, rarely dichotomously branched, 
surface smooth or encrusted. Basidia not seen. Basidio-
spores globose, densely verrucose, thick walled, olivaceous 
brown to dark brown, 4–5.5 μm in diameter (mean = 4.5 μm) 
excluding ornaments, 4.5–6 μm in diameter (mean = 5.5 μm) 
including ornaments, verrucae to 0.5 μm high, basal apicu-
lus prominent.

Habitat: Solitary or scattered on sandy soil.
Distribution: Japan (Tokyo and Aichi), China (Zhou et 

al. 2007), Europe (Calonge 1981, 1998; Sunhede 1989; 
Pegler et al. 1995), North Africa (Kasuya and Smaoui 2008), 
North America (Lloyd 1902; Long and Stouffer 1948), and 
Latin America (Esqueda et al. 2003).

Specimens examined: Japan, Metropolitan Tokyo, 
Nishitama-gun, Hinohara-mura, Ozawa, October 21, 
2001, coll. K. Maruyama, TNS-F-13034; Aichi Pref., 
Tahara-shi, Irako Cape, April 1, 1987, coll. S. Yoshimi, 
TNS-F-243735.

Japanese name: Sunaji-hime-tsuchiguri (newly named).
Remarks: The Japanese specimens of G. minimum are 

well characterized by nonfornicate, nonhygroscopic, white 

Fig. 17. Capillitial hyphae of Geastrum 
fornicatum (TNS-F-18202). Bar 5 μm

to pale brown exoperidial rays, whitish mycelial layer per-
sistently attached to the fi brous layer, and well-delimited, 
fi brillose peristomes. Morphological characteristics of the 
specimens examined are in good agreement with previous 
descriptions of G. minimum (Long and Stouffer 1948; 
Calonge 1981, 1998; Sunhede 1989; Pegler et al. 1995; 
Kasuya and Smaoui 2008). Therefore, we have identifi ed 
the Japanese material as G. minimum.

Geastrum quadrifi dum is morphologically very similar to 
G. minimum in its characteristics of basidiomata, especially 
of endoperidial bodies, peristomes, and basidiospores. 
However, G. minimum is clearly distinguished from G. 
quadrifi dum by nonfornicate, 4–9 exoperidial rays, and 
mycelial layer attached to fi brous layer for a long time, 
without forming a mycelial cup. Morphological and ecologi-
cal characteristics of G. arenarius Lloyd are very close to G. 
minimum in their nonfornicate exoperidial rays, whitish 
mycelial layer persistently attached to the fi brous layer, and 
well-delimited, fi brillose peristomes (Long and Stouffer 
1948; Oteino 1966). Moreover, those two species usually 
grow on sandy soil. Nevertheless, G. arenarius has hygro-
scopic rays of the exoperidium and a nonstalked endoperid-
ial body whereas G. minimum has nonhygroscopic rays and 
a distinct stalk. The basidiospores of G. arenarius are smaller 
(3.8–4.7 μm in diameter; Oteino 1966) than those of G. 
minimum.

Geastrum leptospermum and G. welwitschii also have 
similar morphological characters to G. minimum in having 
small basidiomata, whitish exoperidia, and fi brillose peri-
stomes. However, G. leptospermum and G. welwitschii are 
well separated from G. minimum by their fornicate, mostly 
3–6, rays of the exoperidia, and the mycelial layer easily 
loosening from the fi brous layer and forming a mycelial cup 
(Coker and Couch 1928; Sunhede 1989). Further, G. lepto-
spermum has smaller basidiospores (2–3 μm in diameter; 
Coker and Couch 1928) than G. minimum.
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Reexamination of Geastrum minus in Japan

“Geastrum minus” auct. non (Pers.) G. Cunn.: Imai, Bot. 
Mag. Tokyo 50:216, 1936. Figs. 5, 6, 14, 15, 19

Specimen examined: Japan, Hokkaido, Shiribeshi Prov., 
Otaru-shi, Zenibako, on sandy soil near seashore, May 11, 
1892, coll. Y. Tokubuchi, SAPA 1109.

This material represents Geastrum quadrifi dum DC. ex 
Pers. (Syn. Meth. Fung.: 133, 1801). Information from other 
Japanese collections (see “Other specimens examined,” 
indicated below) are also incorporated in the description 
given next.

Basidiomata hypogeous to subhypogeous, subglobose 
when young, about 10–15 mm in diameter, surface encrusted 
with debris, yellowish brown to pale brown. Expanded 
basidiomata 12–25 mm across, fornicate, exoperidium split-
ting into 3–5 rays that become often almost straight and 
vertical, with incurved margins attached to the mycelial 
layer, nonhygroscopic although sometimes partly curled 
back when dry. Mycelial layer well developed, whitish, with 
plant debris and sand, easily loosening from the fi brous 
layer and forming a mycelial cup. Fibrous layer thin, papery, 
white, cream to pale brown. Pseudoparenchymatous layer 
whitish at fi rst, later becoming pale brown to gray brown, 
tending to fragment and peel off in several patches. Endo-
peridial body stipitate, subglobose to ovoid, 5–10 mm in 
diameter, with an apophysis. Stalk short, 0.5–3 mm long, 
pale brown to gray brown. Endoperidium pale brown to 
gray brown, conspicuously pruinate with whitish crystalline 
material except for a smooth, circular area surrounding 
the peristome. Peristome surface fi brillose, distinct, raised, 

1–3 mm across. Columella cylindrical to clavate, indistinct. 
Mature gleba brown to dark brown.

Pseudoparenchymatous layer consisting of thin-walled, 
hyaline to pale brown, bladder-like hyphae 10–25 μm thick. 
Columella hyphae 1–5.5 μm in diameter, thick walled, 
hyaline to pale yellowish brown. Hyphae of the capillitium 
yellowish brown, thick walled, 2–6 μm in diameter, tapered 
gradually toward subacute tips, rarely dichotomously 
branched, surface smooth or minutely encrusted. Basidia 
not seen. Basidiospores globose, verrucose, thick walled, 
yellowish brown to dark brown, 4.5–5.5 μm in diameter 
(mean = 5 μm) excluding ornaments, 5–6 μm in diameter 
(mean = 5.4 μm) including ornaments, verrucae to 0.5 μm 
high, basal apiculus prominent.

Habitat: Solitary, scattered, or gregarious on sandy soil 
near seashore or in coniferous woods.

Distribution: Japan (Hokkaido, Ibaraki, Chiba, Niigata, 
Mie, and Ehime), Europe (Calonge 1981, 1998; Sunhede 
1989; Pegler et al. 1995), North America (Long and Stouffer 
1948), and Latin America (Esqueda et al. 2003).

Other specimens examined: Hokkaido, Ishikari Prov., 
Ishikari-shi, Atsuta-ku, Muenhama, October 15, 2006, coll. 
C. Takehashi, TNS-F-18156; Ibaraki Pref., Hitachi-shi, 
Juuou-machi, Ijihama, January 25, 2004, coll. H. Sato, TNS-
F-18205; Ibaraki Pref., Naka-gun, Tokai-mura, Toyooka, 
November 23, 2004, coll. H. Sato, INM-2–54838; same place, 
November 23, 2004, coll. K. Yoshida, INM-2–54839; same 
place, April 17, 2005, coll. T. Kasuya, INM-2–54840; Ibaraki 
Pref., Naka-gun, Tokai-mura, Muramatsu, April 17, 2005, 
coll. T. Kasuya, INM-2–54841; Ibaraki Pref., Hitachinaka-
shi, Hitachi Kaihin Park, February 29, 2004, coll. H. Saka-
moto, TNS-F-18217; same place, April 11, 2004, coll. H. 
Sakamoto, TNS-F-18206; same place, October 24, 2004, 

A

B

C
-

Fig. 18. Geastrum minimum 
(TNS-F-243735). A Mature 
basidioma. B Fibrillose 
peristome. C Capillitial hyphae 
and basidiospore. Bars A 6 mm; 
B 1 mm; C 5 μm
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coll. H. Sakamoto, TNS-F-18207; same place, December 26, 
2004, coll. H. Sakamoto, TNS-F-18208; same place, January 
23, 2005, coll. H. Sakamoto, TNS-F-18209; same place, 
March 13, 2005, coll. H. Sakamoto, TNS-F-18210; same 
place, November 13, 2005, coll. I. Asai, TNS-F-18211; same 
place, January 8, 2006, coll. H. Sakamoto, TNS-F-18212; 
Chiba Pref., Sammu-shi, Hasunuma, December 3, 2005, 
coll. H. Sakamoto, TNS-F-18214; Niigata Pref., Nagaoka-
shi, Teradomari, November 2, 2003, coll. H. Sakamoto, 
TNS-F-18215; same place, November 5, 2005, coll. H. Saka-
moto, TNS-F-18216; Mie Pref., Minamimuro-gun, Kiho-
cho, Ida, October 9, 2003, coll. M. Taniguchi, TNS-F-18213; 
Ehime Pref., Ozu-shi, Hijikawa-cho, Yamatosaka, July 3, 
2004, coll. T. Kasuya, TNS-F-16964.

Japanese name: Hime-kammuri-tsuchiguri (Imai 1936).
Remarks: Imai’s authentic specimen, “SAPA 1109” 

(Imai 1936), is in good condition and characterized by typi-
cally fornicate, nonhygroscopic exoperidial rays, cupulate 
mycelial layer, pruinate endoperidium with crystalline 
material, and well-delimited, fi brillose peristome. These 
features clearly suggest that Imai’s authentic material rep-
resents G. quadrifi dum. Also, morphological characteristics 
of the other specimens examined are in good agreement 
with the previous descriptions of G. quadrifi dum (Long and 
Stouffer 1948; Calonge 1981, 1998; Sunhede 1989; Pegler 
et al. 1995). According to the report by Imai (1936), G. 
quadrifi dum was occasionally recorded from Japan under 
the name G. minus (Ito 1959; Yoshimi and Hongo 1989). 

However, detailed macroscopic and microscopic features of 
this species were hitherto not described in Japan.

Geastrum quadrifi dum is similar to G. fornicatum, G. 
minimum, G. dissimile, G. leptospermum, and G. welwitschii 
in its basidiome morphology, especially in its exoperidial 
rays, endoperidial body, and peristome. For comparison to 
G. fornicatum and G. minimum, see remarks under those 
two species, respectively. Geastrum dissimile is clearly dis-
tinguished from G. quadrifi dum by its often sulcate or silky 
fi mbriate, smooth peristome, and slightly smaller basidio-
spores (4–5 μm in diameter; Bottomley 1948) than those of 
G. quadrifi dum. Geastrum leptospermum can be separated 
from G. quadrifi dum by its smaller basidiospores (2–3 μm 
in diameter; Coker and Couch 1928). Further, G. welwitschii 
clearly differs from G. quadrifi dum by its epigeal mycelial 
cup with a felted or tufted outer surface and indistinctly 
delimited peristome (Sunhede 1989; Calonge 1998).
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Fig. 19. Geastrum quadrifi dum. 
A Mature basidioma (TNS-F-
18220). B Fibrillose peristome 
(TNS-F-18220). C Capillitial 
hyphae and basidiospore (TNS-
F-18156). Bars A 7 mm; 
B 0.5 mm; C 5 μm



 93

References

Baseia IG, Cavalcanti MA, Milanez AI (2003) Additions to our knowl-
edge of the genus Geastrum (Phallales: Geastraceae) in Brazil. 
Mycotaxon 85:409–416

Bottomley AM (1948) Gasteromycetes of South Africa. Bothalia 
4:473–810

Calonge FD (1981) El género Geastrum Pers. ex Pers., en España. 
Estudio sistemático y descriptivo. Bol Soc Micol Castellana 6:9–38

Calonge FD (1998) Gasteromycetes 1. Lycoperdales, Nidulariales, 
Phallales, Sclerodermatales, Tulostomatales. Flora Mycologica 
Iberica, vol 3. Real Jardín Botánico, Madrid

Coker WC, Couch JN (1928) The Gasteromycetes of the eastern 
United States and Canada. University of North Carolina Press, 
Chapel Hill

Demoulin V (1984) Typifi cation of Geastrum Pers.: Pers. and its ortho-
graphic variant Geaster (Gasteromycetes). Taxon 33:498–501

Dissing H, Lange M (1962) Gasteromycetes of Congo. Bull Jard Bot 
Ètat Brux 32:325–416

Dörfelt H, Heklau H (1987) Beitrage zur Systematik der Geastrales. 
II. Feddes Repert 98:357–368

Dörfelt H, Müller-Uri C (1984) Beitrage zur Systematik der Geastrales. 
Feddes Repert 95:701–711

Dörfelt H, Kreisel H, Benkert D (1979) Die Erdsterne (Geastrales) 
der Deutschen Demokratischen Republik. Hercynia N F 16:1–56

Esqueda M, Herrera T, Pérez-Silva E, Sánchez A (2003) Distribution 
of Geastrum species from some priority regions for conservation of 
biodiversity of Sonora, Mexico. Mycotaxon 87:445–456

Imai S (1936) Symbolae ad fl oram mycologicam Asiae Orientalis. I. 
Bot Mag Tokyo 50:216–224

Ito S (1959) Mycological fl ora of Japan, vol 2, no 5 (in Japanese). 
Yokendo, Tokyo

Kasuya T, Smaoui A (2008) Geastrum minimum, a new record of 
Geastraceae from Tunisia. Mycol Balcan 5:77–80

Kawamura S (1954) Icones of Japanese fungi, vol VII (in Japanese). 
Kazama-shobo, Tokyo

Kirk PM, Cannon PF, David JC, Stalpers JA (2001) Ainsworth & 
Bisby’s dictionary of the fungi, 9th edn. CAB International, 
Wallingford

Kotlaba F, Pouzer Z (1987) Geastrum berkeleyi in Czechoslovakia. 
Česká Mykol 41:115–119

Leite AG, Calonge FD, Baseia IG (2007) Additional studies on Geast-
rum from northeastern Brazil. Mycotaxon 101:103–111

Lloyd CG (1902) The Geastrae. Bull Lloyd Lib Bot Pharm Mat Med 
Mycol Ser 2 (Mycol Writ 1):1–43

Long WH, Stouffer DJ (1948) Studies in the Gasteromycetes: XVI. 
The Geastraceae of the southwestern United States. Mycologia 
40:547–585

Massee G (1889) A monograph of the British Gasteromycetes. Ann 
Bot 4:1–103

Oteino NC (1966) Gasteromycetes of East Africa 1. The genus Geast-
rum Persoon. Nytt Mag Bot 13:65–69

Pegler DN, Laessøe T, Spooner BM (1995) British puffballs, earthstars 
and stinkhorns. An account of the British gasteroid fungi. Royal 
Botanic Gardens, Kew

Pérez-Silva E, Herrera T, Esqueda-Valle M (1999) Species of Geast-
rum (Basidiomycotina: Geastraceae) from Mexico. Rev Mex Micol 
15:89–104

Ponce De Leon P (1968) A revision of the family Geastraceae. Fieldi-
ana Bot 31:301–349

Sakamoto H, Kasuya T (2008) First record of Geastrum kotlabae from 
sand dunes of Japanese coast (in Japanese with English summary). 
Nippon Kingakukai Kaiho 49:59–63

Staněk VJ (1958) Geastraceae. In: Pilát A (ed) Flora ČSR B-1, 
Gasteromycetes. Československé Akademie, Praha, pp 392–526, pp 
777–795

Sunhede S (1989) Geastraceae (Basidiomycotina). Morphology, 
ecology, and systematics with special emphasis on the North Euro-
pean species. Synopsis fungorum, vol 1. Fungifl ora, Oslo

Yamamoto Y, Yamamoto R (2007) Notes on gasteroid fungi of 
Shikoku (1) (in Japanese). Bot Kochi Pref 20:91–125

Yoshimi S, Hongo T (1989) Gasteromycetidae. In: Imazeki R, 
Hongo T (eds) Colored illustrations of mushrooms of Japan, vol II 
(in Japanese). Hoikusha, Osaka, pp 193–228

Zhou T, Chen Y, Zhao L, Fu H, Yang B (2007) Geastraceae, Nidula-
riaceae. Flora fungorum sinicorum, vol 36 (in Chinese). Science 
Press, Beijing



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


