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Seven Armillaria species identifi ed from Hokkaido Island, northern Japan

(A. ectypa (Fr.) Lamoure and A. tabescens (Scop.) Emel) 
have been reported so far (Nagasawa 1991; Cha et al. 1992; 
Ota et al. 1998b; Kudo and Nagasawa 2003). Armillaria 
jezoensis and A. singula are species so far known only from 
Hokkaido (Cha et al. 1994), and A. sinapina, which was 
originally described from North America, has been reported 
only from Hokkaido in Japan. Nag. E, which is considered 
as a new taxon, and A. ectypa have been reported only from 
Honshu, and A. tabescens was reported only in Honshu and 
Kyushu (Ota et al. 1998b).

Hokkaido is the second largest island and located in the 
most northern part of the Japan archipelago. Because of its 
geographical location and history, Hokkaido has more 
species in common with North America, Eurasia, and 
Honshu. Except for the studies conducted by Cha et al. 
(1992, 1994), there is little information on Armillaria in 
Hokkaido. In addition, the relationship between Armillaria 
species collected from Hokkaido and those from Honshu 
and Kyushu has not been thoroughly studied.

Pairing tests based on sexual behavior are the traditional 
and useful tool for identifying Armillaria spp., except for A. 
mellea subsp. nipponica, which is known as a non-hetero-
thallic taxon (Cha and Igarashi 1995; Ota et al. 1998a). The 
objectives of this study were to obtain specimens and iso-
lates of Armillaria spp. throughout Hokkaido and identify 
the species by pairing tests using known tester strains.

More than 100 collections were obtained throughout 
Hokkaido, from 1994 to 2005, mostly during September to 
November in 2005. The morphological characters of basidi-
ocarps, hosts, and origins were recorded. Tissue and/or 
single-spore isolates were obtained from a basidiocarp in 
each collection. A total of 62 isolates were selected and used 
in this study (Table 1, and isolates annotated in Table 2). 
Specimens examined were deposited at the Mycological 
Herbarium of the Forestry and Forest Products Research 
Institute (TFM), Tsukuba, and all Japanese isolates used in 
this study were stored at the same institute. To obtain new 
tester isolates, some basidiocarps collected from Hokkaido 
were selected based on morphological differences. At least 
12 single-spore isolates obtained from each basidiocarp 
were paired in all combinations, and 2 to 4 isolates, each 
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Abstract Sixty-two isolates from basidiocarps of Armillaria 
spp. were obtained from Hokkaido Island, northern Japan. 
Six species (Armillaria cepistipes, A. gallica, A. nabsnona, 
A. ostoyae, A. sinapina, and an undescribed species, “Nag. 
E”) were identifi ed by pairing tests with known tester strains 
and one subspecies (Armillaria mellea subsp. nipponica, a 
non-heterothallic form of A. mellea) was identifi ed by its 
macro- and micro-morphological characters of the basidio-
carps. This is the fi rst case of “Nag. E” being reported from 
Hokkaido Island.

Key words Ecology · Morphology · Pairing tests

Armillaria species (Physalacriaceae, Agaricales, Basidio-
mycota) are widely distributed around the world, and some 
of them are well known as a cause of root rot (Hood et al. 
1991). More than 600 species of woody and non-woody 
plants have been identifi ed as hosts of fungi belonging to 
this genus (Shaw and Kile 1991; Fox 2000). About 40 species 
of Armillaria have been considered to exist all over the 
world (Volk and Burdsall 1995).

In Japan, nine annulate species including one subspecies 
(A. cepistipes Velen., A. gallica Marxm. & Romagn., A. 
jezoensis J.Y. Cha & Igarashi, A. mellea (Vahl) P. Kumm. 
subsp. nipponica J.Y. Cha & Igarashi, A. nabsnona T.J. 
Volk & Burds., A. ostoyae (Romagn.) Herink, A. sinapina 
Bérubé & Dessur., A. singula J.Y. Cha & Igarashi, and one 
undescribed species, “Nag. E”), and two exannulate species 
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Table 1. Armillaria isolates from Hokkaido used in this study

Species Isolate 
no.

Host/ substrate Location Collection 
date

Specimen no. 
(TFM)

Armillaria 
cepistipes

96-19-1 Unknown Shirakawa, Kamikawa-cho, Kamikawa-gun, 
Hokkaido

23-Sep-96 26880

04-4-1 Unknown Asahi-machi, Kamikawa-cho, Hokkaido 10-Sep-04 26956
04-12-1 Unknown Nopporo prefectural Natural Park, Ebetsu, 

Hokkaido
24-Sep-04 26962

04-16-1 Stump of hardwood Nopporo prefectural Natural Park, Ebetsu, 
Hokkaido

25-Sep-04 26966

05-11-2 Soil surface Nagahashi, Otaru, Hokkaido 16-Sep-05 26990
05-24-1 Unknown Dominno-mori, Tobetsu-cho, Isikari-gun, 

Hokkaido
17-Sep-05 27002

05-36-1 Unknown Kikusui, Kamikawa-cho, Hokkaido 17-Sep-05 27012
05-37-1 Unknown Kikusui, Kamikawa-cho, Hokkaido 17-Sep-05 27013
05-47-2 Soil surface Nopporo prefectural Natural Park, Ebetsu, 

Hokkaido
20-Sep-05 27022

05-58-2 Decayed wood Mt. Hokurei, Pippu-sho, Kamikawa-gun, 
Hokkaido

25-Sep-05 27033

05-73-1 Betula platyphylla var. japonica Toyoura-cho, Abuta-gun, Hokkaido 29-Sep-05 27047
05-87-1 Soil surface Tonebetu forest park, Iwamizawa, 

Hokkaido
5-Oct-05 27060

05-91-1 Tilia japonica Mt. Muroran, Muroran, Hokkaido 6-Oct-05 27064
A. gallica 96-6a Soil surface Tomakomai-shi, Hokkaido 14-Sep-96 26871

96-9-1 Soil surface Tomakomai-shi, Hokkaido 16-Sep-96 26873
96-32-1 Abies sachalinensis Asyoro-cyo, Asyoro-gun, Hokkaido 19-Sep-96 26890
05-9-12 Soil surface Mt. Muroran, Muroran, Hokkaido 13-Sep-05 26988
05-10-1 Soil surface Nagahashi, Otaru, Hokkaido 16-Sep-05 26989
05-33-2 hardwood Tonebetu forest park, Iwamizawa, 

Hokkaido
17-Sep-05 27010

A. mellea subsp. 
nipponica

05-84-1 Hardwood Mt. Muroran, Muroran, Hokkaido 2-Oct-05 27058

05-100-2 Conifer Appenai, Tomakomai, Hokkaido 16-Oct-05 27073
A. nabsnona 02-1-1 Unknown Kitamacni, Kamikawa-cho, Kamikawa-gun, 

Hokkaido
25-Aug-
02

26934

02-2-1 Unknown Asahi-machi, Kamikawa-cho, Hokkaido 25-Aug-
02

26935

02-3-1 Unknown Kitamacni, Kamikawa-cho, Kamikawa-gun, 
Hokkaido

26-Aug-
02

26936

05-8-1 Quercus mongolica var. 
grosseserrata

Mt. Muroran, Muroran, Hokkaido 13-Sep-05 26987

05-41-1 Decayed wood Tsukigata-cho, Kabato-gun, Hokkaido 18-Sep-05 27017
05-45-1 Hardwood Nopporo prefectural Natural Park, Ebetsu, 

Hokkaido
20-Sep-05 27020

05-50-1 Soil surface Assabu-cho, Hiyama-gun ,Hokkaido 23-Sep-05 27025
05-60-1 Soil surface Mt. Hokurei, Pippu-sho, Kamikawagun, 

Hokkaido
25-Sep-05 27035

A. ostoyae 96-20-1 Acea mono Esashi district forest offi ce, Esasi-cho, 
Esasi-gun, Hokkaido

23-Sep-96 27086

96-25a Abies sachalinensis Ashibetsu district forest offi ce, Ashibetsu, 
Hokkaido

21-Sep-96 –

96-28b-1 Picea jezoensis Esashi district forest offi ce, Esasi-cho, 
Esasi-gun, Hokkaido

25-Sep-96 26886

04-7a Trunk of Tsuga diversifolia Sounkyo, Kamikawa-cho, Hokkaido 18-Sep-04 26959
05-18a Stump of Abies sachalinensis Oketocho, Tokorogun, Hokkaido 16-Sep-05 26996
05-30-1 Hardwood Toyosatoko forest park, Kitami, Hokkaido 17-Sep-05 27007
05-78a Fallen trunk of Quercus 

mongolica var. grosseserrata
Arashiyama park, Asahikawa, Hokkaido 2-Oct-05 27052

05-101-1 Stump of Picea glehnii Appenai, Tomakomai, Hokkaido 16-Oct-05 27074
05-102-1 Unknown Obihiro, Hokkaido 17-Oct-05 27075

A. sinapina 96-8-1 Unknown Tomakomai-shi, Hokkaido 16-Sep-96 26872
04-3a Unknown Touun, Kamikawa-cho, Hokkaido 7-Sep-04 26955
04-6a Stump of Acer tschonoskii var. 

tschonoskii
Sounkyo, Kamikawa-cho, Hokkaido 16-Sep-04 26958

05-7-11 Fallen trunk of Sorbus 
commixta

Mt. Muroran, Muroran, Hokkaido 13-Sep-05 26986

05-12-1 Decayed wood of Quercus sp. Kuriyama-cho, Yubari-gun, Hokkaido 16-Sep-05 –
05-13-2 Soil surface Ashoro-cyo, Ashoro-gun, Hokkaido 16-Sep-05 26991
05-15-1 Soil surface Ashoro-cyo, Ashoro-gun, Hokkaido 16-Sep-05 26993
05-16-9 Soil surface Ashoro-cyo, Ashoro-gun, Hokkaido 16-Sep-05 26994
05-17-1 Soil surface Ashoro-cyo, Ashoro-gun, Hokkaido 16-Sep-05 26995
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Species Isolate 
no.

Host/ substrate Location Collection 
date

Specimen no. 
(TFM)

05-19-1 Living Tilia japonica Ashoro-cyo, Ashoro-gun, Hokkaido 16-Sep-05 26997
05-20-1 On the moss of living Picea 

glehnii
Ashoro-cyo, Ashoro-gun, Hokkaido 16-Sep-05 26998

05-21-1 On the moss of living Picea 
glehnii

Ashoro-cyo, Ashoro-gun, Hokkaido 16-Sep-05 26999

05-46-1 On the root of Quercus 
mongolica var. grosseserrata

Nopporo prefectural Natural Park, Ebetsu, 
Hokkaido

20-Sep-05 27021

05-48-2 Soil surface Assabu-cho, Hiyama-gun, Hokkaido 23-Sep-05 27023
05-49-1 Soil surface Assabu-cho, Hiyama-gun, Hokkaido 23-Sep-05 27024

Nag. E 05-77-1 Acer tschonoskii var. 
tschonoskii 

Arashiyama park, Asahikawa, Hokkaido 2-Oct-05 27051

05-95-1 Salix sp. Otaki-mura, Soubetsu-gun, Hokkaido 7-Oct-05 27068
05-96-1 Unknown Otaki-mura, Soubetsu-gun, Hokkaido 7-Oct-05 27069
05-97a Salix sp. Otaki-mura, Soubetsu-gun, Hokkaido 7-Oct-05 27070
05-98-4 Ulmus davidiana var. japonica Fukagawa-shi, Hokkaido 16-Oct-05 27071

a Isolate derived from tissue of basidiocarp

Table 1. Continued

Table 2. Tester isolates of Armillaria spp. used in this study

Species Isolate 
no.

Host/substrate Location Collection 
date

MAFF 
no.

Specimen 
no. (TFM)

Source

Japanese species
A. cepistipes 01-14-3 Hardwood Sashiro, Kasama, Ibaraki 19-Oct-01 27093 This study

01-14-4 Hardwood Sashiro, Kasama, Ibaraki 19-Oct-01 27093 This study
05-11-3a Soil surface Nagahashi, Otaru, Hokkaido 16-Sep-05 26990 This study

A. gallica 96-34-3 Unknown Kiyomizu Higashiyamaku, 
Kyoto, Kyoto

29-Sep-96 26892 Ota et al. 
(1998a,b)

96-34-4 Unknown Kiyomizu Higashiyamaku, 
Kyoto, Kyoto

29-Sep-96 26892 Ota et al. 
(1998a,b)

04-13-13a Unknown Nopporo prefectural Natural 
Park, Ebetsu, Hokkaido

25-Sep-04 26963 This study

A. nabsnona 00-3-1 Hardwood Tashirodaira, Aomori, Aomori 19-Sep-00 420659 27089 Ota (2001)
00-3-2 Hardwood Tashirodaira, Aomori, Aomori 19-Sep-00 420660 27089 Ota (2001)
05-44-1a Hardwood Nopporo prefectural Natural 

Park, Ebetsu, Hokkaido
20-Sep-05 27019 This study

A. ostoyae 94-8-12 Pinus densifl ora Tohoku-machi, Aomori Oct-94 420662 Ota et al. 
(1998a,b)

05-32-1a Betula platyphylla var. 
japonica

Dominno-mori, Tobetsu-cho, 
Isikari-gun, Hokkaido

17-Sep-05 27009 This study

A. sinapina 96-7-1a Decayed wood Chitose-shi, Hokkaido 14-Sep-96 420657 27085 Ota (2001)
96-7-2a Decayed wood Chitose-shi, Hokkaido 14-Sep-96 27085 Ota (2001)
05-15-1a Soil surface Asyoro-cyo, Asyoro-gun, 

Hokkaido
16-Sep-05 26993 This study

Nag. E 94-2-1 Hardwood Agematsu-machi, Nagano 12-Oct-94 420665 27081 This study
00-15-1 Unknown Mt. Kurikoma, Hanayama-mura, 

Kurikoma-gun, Miyagi
19-Oct-00 Ota (2001)

North American species
A. sinapina A-5 Acea sp. Ithaca, NY, USA

A-16 Hardwood stump Babine Lake, B. C., Canada
A. calvescens A-2 Acer rubrum Underhill, VT, USA

A-1 Acer saccharum Underhill, VT, USA
A. gemina A-14 Unknown Smuggler’s Notch, VT, USA
NABS X A-17 Conifer Southeastern B.C., Canada

Japanese materials examined here were deposited in the Mycological Herbarium of Forestry and Forest Products Research Institute (TFM)
a Tester isolates obtained from Hokkaido

with different mating types, were selected as the tester iso-
lates. They were paired with the known tester strains (A. 
cepistipes, A. gallica, A. nabsnona, A. ostoyae, A. sinapina, 
and Nag. E), and then were identifi ed (see annotated iso-
lates in Table 2). Haploid tester strains used in this study 

are shown in Table 2. Some of them were previously identi-
fi ed by Ota et al. (1998b) and Ota (2001).

Pairings were conducted by the methods described by 
Korhonen (1978) and Guillaumin et al. (1991). Two 3-mm-
diameter mycelium plugs, one from each of the two isolates, 
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were placed 5 mm apart in a plate containing potato dex-
trose agar medium (Nissui, Tokyo, Japan) and incubated in 
the dark for 2–3 weeks at 25°C. Individual pairings were 
performed at least two times. The compatibility was deter-
mined on the basis of the macroscopic mycelial appearance: 
In pairings between a single-spore isolate and a tester strain 
of the same species, cottony mycelium changes into the 
crustose type (compatible reaction). In pairings between 
different species, the formation of a dense line separating 
the two single-spore cultures was observed (incompatible 
reaction). In pairings between an isolate from tissue 
(diploid) and a tester strain (haploid) belonging to the same 
species, the appearance of the haploid tester strain usually 
changed into a crustose mycelial type.

The results of pairing tests are detailed in Table 3. Com-
patible reactions were clear in almost all combinations with 
a few exceptions. Six species (A. cepistipes, A. gallica, A. 
nabsnona, A. ostoyae, A. sinapina, and “Nag. E”) were 
identifi ed by pairing tests (see Table 1). One subspecies, A. 
mellea subsp. nipponica, a non-heterothallic form of the 
species, was identifi ed by its macro- and micro-morphologi-
cal characters of the basidiocarps.

Armillaria cepistipes was collected from middle Septem-
ber to early October. The basidiocarps occurred most com-
monly in small fasciculate groups of two to fi ve from the 
soil surface or from dead hardwoods. The existence of this 
species in Hokkaido was previously reported by Moham-
med et al. (1994), Ota et al. (1998b), and Fukuda et al. 
(2003), but no basidiocarp has been obtained so far. This 
study suggests that A. cepistipes is common and widely dis-
tributed in broadleaf forests in Hokkaido.

Armillaria gallica was collected in September. It seemed 
to be the earliest fruiting annulate Armillaria species in 
Hokkaido. In Honshu, this species is the earliest fruiting 
annulate species (Nagasawa 1991; Ota et al. 1998b). The 
basidiocarps emerged most commonly singly or in small 
fasciculate groups of two or three from the soil surface or 
on dead hardwoods in the cool-temperate broad-leaved and 
mixed forests.

Armillaria mellea subsp. nipponica was the latest fruiting 
species that was collected in October. Only two specimens 
were collected in Hokkaido (from Muroran and Tomako-
mai) in this survey, and two other specimens had previously 
been collected in Hokkaido (from Tomakomai and Chitose) 
by Cha and Igarashi (1995). This species may not be common 
in Hokkaido.

Armillaria nabsnona was collected from late August to 
late September. This species commonly occurred in large or 
sometimes small groups on the soil surface or on dead 
broad-leaved trees in the cool-temperate broad-leaved and 
mixed forests. Before this survey, only two records of A. 
nabsnona were reported in Hokkaido (Mohammed et al. 
1994; Sekizaki et al. 2008). This study showed that A. nabs-
nona was common and widely distributed in the southern 
part of Hokkaido. In Honshu, A. nabsnona is characterized 
by its bright yellowish and often hygrophanous pileus 
surface and fi nally plane to slightly depressed pileus with a 
small conical center (Nagasawa 1991; Kudo et al. 1998), and 
it usually occurs in riparian areas (Kudo et al. 1998; Ota et 

al. 1998b). However, in Hokkaido, it occurs more often in 
dry habitats and the pileus surface is also usually dry, and 
its color seems to be varied, from pale yellowish white to 
sometimes yellowish brown.

Armillaria ostoyae was collected from middle September 
to middle October on both conifer and hardwood species. 
This species has been known to be a cause of root rot of 
Larix kaempferi (Ota et al. 1998b). This study showed that 
A. ostoyae causes root rot also on Abies sachalinensis in 
Hokkaido. Armillaria ostoyae is distributed widely from 
lowlands to mountainous areas in Hokkaido.

Armillaria sinapina was the most frequently found 
species. It occurred in September, in the same season as A. 
gallica in Hokkaido. Mostly it occurred on the soil surface 
or on the broad-leaved trees, but also on conifers in the 
cool-temperate broad-leaved and mixed forests. Armillaria 
sinapina seems to distribute in more mountainous areas 
than A. gallica. This species is reported as a weak pathogen 
of hardwoods in China (Qin et al. 2007) and of conifers in 
North America (Bérubé and Dessureault 1988).

Nag. E collected in October was the latest fruiting 
species, similar to A. mellea, but it fruited also in early 
summer in Hokkaido (data not shown). It occurred most 
commonly in large groups only on hardwood species. This 
is the fi rst record of “Nag. E” from Hokkaido. It is easily 
recognized by its fi ne small scales on the pileus and stipe 
and bright yellow to yellowish-brown pileus color. We con-
ducted pairing tests between the isolates H-5-4 collected 
from Kamishihoro, Hokkaido, and H-16-4 collected from 
Asahikawa, Hokkaido, used by Ota et al. (1998b) and the 
new tester strains used in this study. H-5-4 and H-16-4 was 
reported to not show any compatible reactions with known 
European and North American tester strains and were 
assigned to new Japanese biological species groups G and 
H, respectively (Ota et al. 1998b). In the present study, H-
5-4 also did not show any compatible reaction with tester 
strains used; however, the H-16-4 strain showed compatible 
reactions with the new tester strains of Nag. E, but only on 
the tester strain side (data not shown). Therefore, group H 
of Ota et al. (1998b) was identifi ed as Nag. E. Haploid tester 
isolates sometimes degrade as they get older and lose the 
ability to mate (Guillaumin et al. 1991). The H-5-4 could 
have degraded already, or it may be truly incompatible with 
tester isolates used in this study. Identifi cation using DNA 
sequences should be applied to determine the species of this 
isolate.

The morphological characteristics of A. cepistipes, A. 
gallica, and A. sinapina in Hokkaido were very similar to 
each other. However, A. cepistipes was distinguished from 
A. gallica and A. sinapina by its pileus, which remains 
convex even when older, and has fi ner scales on the pileus 
than those of A. sinapina and A. gallica. Pilei of A. gallica 
and A. sinapina become plane and sometimes undulate at 
the margin in age. The pileus surface color of A. cepistipes 
varied from yellowish brown to red brown or dark brown. 
Armillaria gallica is distinguished by its whitish, thin, deli-
cate and fi brous annulus, which is collapsing and appressed 
to the stipe but sometimes completely lost in age. Some-
times the annulus of A. gallica is encircled by the brown 
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fi brous margin. The annuli of A. cepistipes and A. sinapina 
were more yellowish, sometimes submembranous, but thin 
and delicate. In addition, their annulus was often circled by 
the brown fi brous margin, later collapsing and usually 
appressed to the stipe. Armillaria sinapina may be distin-
guished by its more plane pileus in age and scales that are 
more clear than those in A. cepistipes.

In this study, we could not obtain the exannulate Armil-
laria species, A. tabescens and A. ectypa, from Hokkaido. 
Armillaria tabescens occurs mainly from early summer to 
early autumn in Honshu Island, so we may have missed the 
fruit body season. The distribution of A. ectypa in Honshu 
is restricted to marshy habitats (Kobayasi 1954; Kudo and 
Nagasawa 2003; Ito 2004). We did not search such a habitat 
to fi nd Armillaria in this study.

Unfortunately, we could not obtain any basidiocarps of 
A. jezoensis and A. singula in this survey in spite of our 
determined effort, which may suggest that they are rare in 
occurrence. Qin et al. (2007) reported 14 intersterile taxa 
from China, including 8 taxa so far unnamed. On the basis 
of basidiocarp morphology, Qin et al. (2007) suggested one 
of the unnamed taxa, CBS F (Chinese biological species F), 
could be conspecifi c with A. singula.
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