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Topography-specifi c emergence of fungal fruiting bodies in warm temperate 
evergreen broad-leaved forests on Yakushima Island, Japan

Introduction

Fungi play important ecological roles in forest ecosystems 
as decomposers, mycorrhizal symbionts, and pathogens 
(Dix and Webster 1995). Many studies have found that the 
fungal species composition differs between forests depend-
ing on various characteristics of the forests, such as domi-
nant tree species (Bills et al. 1986; Dighton et al. 1986; 
Yamashita and Hijii 2006) and forest management (Fujita 
1989; Straatsma and Krisai-Greilhuber 2003; Bonet et al. 
2004; Stokland and Kauserud 2004; Kranabetter et al. 2005). 
It is also known that the fungal spatial distribution patterns 
differ within a forest (Fukiharu and Kato 1997; Matsuda 
and Hijii 1998; Yamashita and Hijii 2006).

One of the reasons for this difference in the fungal spatial 
distribution patterns within a forest must be the heteroge-
neous environment in a small spatial scale. Previous studies 
about spatial distribution patterns of fungal fruiting bodies 
have considered litter distribution (Yamashita and Hijii 
2006), vegetation (i.e., tree density, vegetation layer, and 
canopy gap) (Richard et al. 2004), and spatial autocorrela-
tion within a few to tens of meters (Murakami 1989; Fuki-
haru and Kato 1997). On the other hand, local topographic 
variations (i.e., slope inclination, convexity and aspect of 
the ground, and elevation) create diverse microhabitat het-
erogeneity (Moody and Meentemeyer 2001; Takyu et al. 
2002), such as soil surface wetness (Ashton et al. 1995; Daws 
et al. 2005) and nutrient availability (Tokuchi et al. 1999). 
Topography has been seen as a chief factor in ecological 
specialization (Bazzaz 1991; Harms et al. 2001), tree distri-
bution patterns (Nagamatsu and Miura 1997; Harms et al. 
2001; Tsujino et al. 2006), and ranging patterns of mammals 
(Dickson and Beier 2007; Tsujino and Yumoto 2009). 
Abiotic environmental factors created by topography were 
thought to be signifi cant factors for fungi (Trudell and 
Edmonds 2004). Topography can be also a biotic environ-
mental factor for ectomycorrhizal (ECM) fungi in relation-
ship to topography-specifi c host tree distribution because 
they have mutualistic correlations with specifi c trees. Biotic 
and abiotic effects of topographic positions probably differ 
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Abstract We conducted line route censuses of fungal fruit-
ing bodies from August to September in 2005 and 2006 
along ridges and valleys and compared the differences in 
the encounter rates of fungal fruiting bodies (= fruiting 
bodies seen per census kilometer) between types of topog-
raphy and between fungal functional groups (i.e., ectomy-
corrhizal and saprobic fungi) in warm temperate evergreen 
broad-leaved forests on Yakushima Island, Japan. We 
found 251 fungal fruiting bodies (26 families, 50 genera, and 
65 species) in total, including 51 bodies from Tricholoma-
taceae, 41 from Russulaceae, 25 from Boletaceae, and 19 
from Amanitaceae. The encounter rate of ectomycorrhizal 
fungi was greater at the ridge route (26.7 unit/km) than at 
the valley route (8.7 unit/km) and that of saprobic fungi was 
greater at the valley route (25.0 unit/km) than at the ridge 
route (12.5 unit/km). In addition, we conducted 7-year 
intermittent sampling and identifi ed 40 families, 96 genera, 
and 142 species. The topography-specifi c emergence pattern 
of the intermittent sampling method was similar to that of 
the line census method. The fungal species composition in 
this study was possibly affected by a topographic gradient 
for both fungal functional groups through soil moisture, 
nutrient availability, and host tree distribution.

Key words Ectomycorrhizal fungi · Encounter rate · Route 
census · Tree distribution
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among fungal functional groups. In this way, the topo-
graphic position was potentially an important factor in 
determining spatial distribution patterns of fungi, but the 
relationship between fungal distribution patterns and topo-
graphic position has not been much studied.

Thus, in this study, we aimed to clarify the relationship 
among the fungal functional groups (i.e., ectomycorrhizal 
fungi and saprobic fungi) and emergence patterns of fungal 
fruiting bodies in relationship to topography in warm tem-
perate evergreen broad-leaved forests in Yakushima Island, 
Japan. Further, we discuss possible explanations of the rela-
tionship among fungi, tree distribution, and topography. 
We conducted a tree census in a 50 × 50 m quadrat and line 
route censuses of fungal fruiting bodies in late August to 
early September at two different topographic positions, a 
ridge route and a valley route.

Materials and methods

Study sites

Five study sites, Hanyama (180–260 m a.s.l.), Kawahara 
(180–370 m a.s.l.), Motida (140–220 m a.s.l.), Nakasegawa 
(170–240 m a.s.l.), and Nakano (190–290 m a.s.l.), were 
located in warm temperate forests on the western, north-
western, and southeastern part of Yakushima Island (30°20′ 
N, 131°30′ E), which lies about 70 km south of Kyushu, 
Japan. The study forests are warm temperate evergreen 
broad-leaved forests that consist mainly of broad-leaved 
evergreen Fagaceae, Hamamelidaceae, Myrsinaceae, and 
Lauraceae (Tsujino and Yumoto 2004; Tsujino et al. 2006), 
with no single dominant species.

Topographic positions

Geomorphic processes, which refer to interactions among 
translocation and redeposition of soil materials by overland 
fl ow, stream fl ow, and mass movements, differ in each of 
the micro-landforms (Nagamatsu and Miura 1997). We 
characterized the topography of the study areas as ridge 
area, upper side-slope, lower side-slope, foot slope, and 
valley area, according to the land surface, soil, and slope 
inclination (Hara et al. 1996; Nagamatsu and Miura 1997; 
Tsujino and Yumoto 2007, 2008). The ridge area is a gentle 
convex slope that runs along a ridge. The upper side-slope 
below the ridge area is steeper than the ridge area. The 
valley area is a gentle concave slope that runs along a valley. 
The foot slope above the valley area is steeper and often 
consists of softer and deeper soil than that in the valley. The 
lower side-slope is a transitional topographic unit between 
the upper side-slope and foot slope. We condensed the two 
former slope types as the “upper slope area” and the latter 
three as the “lower slope area” for the following topo-
graphic analysis.

Line census of fungal fruiting bodies

We established one line census route on the ridge line in 
the upper slope area and one along the valley line in the 
lower slope area for each of the fi ve study sites: in total, ten 
line census routes. Each census route was 210–350 m in 
length (Table 1).

It is well known that fungal fruiting is a seasonal event 
that depends on meteorological factors, especially tempera-
ture and rainfall (Endo 1972; Murakami 1989; Laganà et al. 
2002). Previous research showed that late August to Sep-
tember season was one of mass emergence of fungal fruiting 
bodies in evergreen broad-leaved forests in Kyushu (Endo 
1972; Murakami 1989). Thus, a census of fungi was con-
ducted between 15 August and 15 September in 2005 and 
2006 (Table 1).

We walked at a speed of about 1 km/h in daytime along 
the line census route and searched for fungal fruiting bodies 
of macrofungi around the line above the ground up to 2 m 
in height, including the trunks of living and dead trees. 
When we found fungal fruiting bodies directly, we har-
vested them to identify the fungi. In this census, one unit of 
fungal fruiting bodies was identifi ed when fruiting bodies 
were close to other ones within 50 cm. We conducted route 
censuses repeatedly: once for Nakano, twice for Kawahara, 
and three times for Nakasegawa, Motida, and Hanyama, at 
intervals of 4–10 days (see Table 1). Fungi were classifi ed 
into three functional groups: ectomycorrhizal (ECM) fungi, 
saprobic fungi, and other fungi, mostly unidentifi ed fungi, 
according to Imazeki and Hongo (1987, 1989), Molina et al. 
(1992), and Hibbett et al. (2000). Fungi nomenclature fol-
lowed Imazeki and Hongo (1987, 1989).

We calculated mean encounter rates (unit/km) of fungal 
fruiting bodies for each functional group and topography as 
the number of fungal fruiting body units seen per line census 
route kilometer. To clarify the relationship between topog-
raphy and emergence of fungal fruiting bodies, a general-
ized linear mixed model (GLMM) was used to assess the 
factors affecting the encounter rates of each line census. 
Three fi xed factors represented the encounter rates: (1) 
functional groups (ECM or saprobic fungi groups), (2) top-
ographic positions (ridge or valley routes), and (3) the inter-
action of these two factors. The study sites and each census 
were input as random factors to avoid the infl uence of 
pseudo-replications. In this analysis, we omitted “other” 
types of fungi group because all these fungi were unidenti-
fi ed. We used the lmer function in lme4 package of R for 

Table 1. Census route length and number of census times in 2005 and 
2006

Sites Route length (m) No. census times

Ridge Valley 2005 2006

Hanyama 300 230 2 1
Kawahara 210 300 1 1
Motida 310 230 2 1
Nakano 250 350 0 1
Nakasegawa 300 300 2 1
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windows ver. 2.6.1 (R Development Core Team 2005). We 
used Akaike’s information criterion (AIC) for model selec-
tion, with the minimum AIC as the best-fi t estimator.

Intermittent sampling efforts of fungal fruit bodies

To reveal the fungal fl ora of evergreen broad-leaved forests 
in Yakushima Island and to compare seasonal variations of 
topographic locations and functional groups, we added 
more information of fungal fruiting bodies intermittently 
sampled. We stayed at Yakushima Island for 27 days in 
January, 56 days in February, 70 days in March, 39 days in 
April, 111 days in May, 98 days in June, 86 days in July, 111 
days in August, 102 days in September, 112 days in October, 
84 days in November, and 91 days in December, from May 
2001 to November 2007; most of these days, except for rainy 
days, we went to evergreen broad-leaved forests at altitude 
0–400 m, including the forests around the intensive fungal 
line census routes and other forests, mainly in Hanyama 
forest, to conduct fi eld research of the relationship between 
topography and tree distribution pattern, such as published 
in Tsujino et al. (2006) and Tsujino and Yumoto (2007, 
2008, 2009). In these fi eld studies, we walked various topo-
graphic positions throughout whole seasons, and we found 
fungal fruiting bodies, some of which were recorded and/or 
harvested. In most of these sampling efforts, we assessed 
topographic position, such as the upper slope or lower slope 
area.

Because we did not intend to harvest fungal fruiting 
bodies from the specifi c topography and/or specifi c fungal 
species, we compared seasonal variation of fungal func-
tional group composition (i.e., ECM vs. saprobic functional 
groups) in the intermittent sampling method for each month 
with the chi-square test and also compared seasonal varia-
tion of topographic locations for ECM and saprobic fungal 
functional groups in the intermittent sampling method for 
each month with the chi-square test. In these tests, we 
excluded data from unidentifi ed functional groups or topog-
raphy not detected. Also, we omitted testing the data of 
January to April and October to December because there 
were few data (n < 5).

Collection samples were dried and preserved as voucher 
specimens. All specimens were deposited in the herbarium 
of the Department of Botany, Graduate School of Science, 
Kyoto University (KYO).

Tree census

To investigate the relationship between topography and 
tree distribution, a 50 × 50 m study quadrat that included a 
typical slope from the ridge top to the valley bottom was 
established at 130 m from the Hanyama lines and at approx-
imately 270 m a.s.l. in the Hanyama area in April 2001 (cf. 
Tsujino and Yumoto 2007). The mean annual temperature 
is approximately 21ºC, and the annual rainfall is about 
2600 mm (Tagawa 1980). The parent rock of the entire 
study quadrat was granite.

All living trees in the 50 × 50 m study quadrat with diam-
eter at breast height (DBH; i.e., 1.3 m above ground) ≥10 cm 
were identifi ed, mapped, tagged, and their DBH measured 
in September 2003. We calculated tree stem densities and 
basal area (BA; DBH2 π/4) densities in the quadrat at two 
topographic positions, upper slope area and lower slope 
area. A binominal test was conducted to investigate the 
differences in tree stem density distribution between the 
upper slope and the lower slope. In this test, the expected 
number of trees on the upper slope and on the lower slope 
was calculated for each species as a product of the total tree 
number and the relative proportion of each topographic 
area of the total area of the study quadrat. Tree nomencla-
ture followed Mitsuta and Nagamasu (1984).

Results

Fungal functional groups and topography

In the line censuses, we found 251 fungal fruiting bodies and 
identifi ed 26 families, 50 genera, and 65 species, including 
51 fruiting bodies from Tricholomataceae, 41 from Russu-
laceae, 27 from Polyporaceae, 25 from Boletaceae, and 19 
from Amanitaceae (Table 2). In the ridge route census, we 
found 31 species and 92 units of ECM fungal fruiting bodies 
and 14 species and 43 units of saprobic fruiting bodies, 
whereas we found 9 species and 30 units of ECM fungal 
fruiting bodies and 22 species and 80 units of saprobic fruit-
ing bodies in the valley route census (Table 2). Major fami-
lies of the ridge routes were Russulaceae (32 units of fungal 
fruiting bodies), Amanitaceae (18 units), Boletaceae (17 
units), Tricholomataceae (17 units), and Polyporaceae (12 
units); those of the valley routes were Tricholomataceae 
(34 units), Polyporaceae (15 units), Russulaceae (9 units), 
Hygrophoraceae (8 units), and Boletaceae (8 units). 
However, no dominant fungal species was observed. We 
found 34 and 20 species only in the ridge routes or the valley 
routes, respectively; a total of 11 species occurred in both 
topographic routes (Fig. 1). Most ECM fungi (75%) species 
showed a ridge-specifi c emergence pattern whereas half the 
saprobic fungi (59%) showed a valley-specifi c emergence 
pattern (Fig. 1).

Statistic analysis of the encounter rates of fungi showed 
that the full model was selected with minimum AIC value 
(AIC = 394.1). Mean encounter rates of fruiting bodies of 
ECM fungi were greater on the ridge route (mean ± 1 SE 
= 26.7 ± 6.6 unit/km, n = 12) than on the valley route (8.7 ± 
3.5 unit/km, n = 12); those of the saprobic fungi group were 
smaller on the ridge route (12.5 ± 3.5 unit/km, n = 12) than 
on the valley routes (25.0 ± 4.5 unit/km, n = 12); and those 
of the other fungi were not as different on the ridge route 
(1.1 ± 0.6 unit/km, n = 12) and on the valley route (0.6 ± 0.4 
unit/km, n = 12) (Fig. 2).

In intermittent sampling efforts, we found 538 fungi 
fruiting bodies and identifi ed 40 families, 96 genera, and 142 
species, including 18 species from Russulaceae, 22 species 
from Boletaceae, 20 species from Amanitaceae, 13 species 
from Tricholomataceae, and 12 species from Polyporaceae 
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Table 2. Numbers of fungal fruiting bodies found from May 2001 to November 2007 at different topographic position in the intermittent 
sampling and the line census methods. US, LS, and ND of intermittent sampling method are the upper slope areas, lower slope areas, and 
not detected, respectively. Ridge and Valley in the route censuses indicate the ridge and valley routes, respectively

Function Family Line census Intermittent sampling Total

Order Species Ridge Valley US LS ND

ECM fungi 92 30 151 49 97 419
 GASTEROMYCETIDAE 1 1
  SCLERODERMATALES 1 1
   Sclerodermataceae 1 1
    Scleroderma sp. 1 1
 HYMENOMYCETIDAE 92 30 151 49 96 418
  AGARICALES 79 30 141 47 94 391
   Amanitaceae 18 1 50 9 20 98
    Amanita castanopsidis 1 2 3
    Amanita ceciliae 1 1 2
    Amanita excelsa 1 1
    Amanita farinosa 1 1
    Amanita fuliginea 8 1 9
    Amanita fulva 1 1 1 1 4
    Amanita hemibapha subsp. javanica 1 1
    Amanita imazekii 3 3
    Amanita japonica 1 1
    Amanita lutescens 1 1
    Amanita pseudoporphyria 1 12 2 6 21
    Amanita rufoferruginea 1 1 2
    Amanita sculpta 1 1 1 3
    Amanita spp. 5 9 3 3 20
    Amanita spissacea 4 2 6
    Amanita sychnopyramis f. subannulata 1 1 1 3
    Amanita vaginata var. alba 1 1
    Amanita vaginata var. punctata 2 2
    Amanita vaginata var. vaginata 2 1 3
    Amanita verna 1 3 4
    Amanita virgineoides 4 4
    Amanita virosa 1 1 2
    Amanita volvata 1 1
   Boletaceae 17 8 43 12 23 103
    Boletaceae spp. 1 14 1 7 23
    Boletus aokii 1 1
    Boletus obscureumbrinus 1 1
    Boletus ornatipes 1 3 4
    Boletus quercinus 1 1
    Boletus reticulatus 1 1
    Boletus speciosus 1 1
    Boletus spp. 4 4
    Boletus umbriniporus 1 1
    Boletus violaceofuscus 1 1
    Gyrodon meruliodes 1 1
    Gyroporus cyanescens 1 1
    Gyroporus spp. 1 1 2
    Leccinum hortonii 3 1 4
    Phylloporus bellus 3 4 1 1 9
    Phylloporus bellus var. cyanescens 1 1 2
    Pulveroboletus aurifl ammeus 1 3 1 5
    Pulveroboletus ravenelii 1 1 2
    Tylopilus ballouii 1 1 1 1 4
    Tylopilus nigerrimus 2 2
    Tylopilus nigropurpureus 1 1
    Tylopilus spp. 5 2 2 9
    Tylopilus virens 1 1 1 1 4
    Xanthoconium affi ne 2 2
    Xerocomus chrysenteron 5 1 6
    Xerocomus nigromaculatus 1 1 2
    Xerocomus spp. 1 1 4 6
    Xerocomus subtomentosus 1 2 3
   Cortinariaceae 5 4 4 8 21
    Cortinarius spp. 2 2 4
    Cortinarius violaceus 1 1 2
    Dermocybe phoenicea 1 1
    Dermocybe sp. 1 1
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Function Family Line census Intermittent sampling Total

Order Species Ridge Valley US LS ND

    Gymnopilus spp. 3 3
    Hebeloma sp. 1 1
    Inocybe lutea 1 1 2
    Inocybe spp. 2 2 2 6
    Inocybe sphaerospora 1 1
   Hygrophoraceae 8 1 2 11
    Hygrocybe coccinea 8 1 1 10
    Hygrocybe sp. 1 1
   Rhodophyllaceae 3 1 2 5 11
    Rhodophyllus chamaecyparis 2 2
    Rhodophyllus coelestinus var. violaceus 1 1
    Rhodophyllus murraii f. albus 1 1
    Rhodophyllus omiensis 1 1
    Rhodophyllus spp. 1 1 1 3 6
   Russulaceae 32 9 29 14 32 116
    Lactarius gerardii 1 1
    Lactarius piperatus 1 1
    Lactarius quietus 1 1
    Lactarius spp. 4 3 1 8
    Lactarius subzonarius 1 1
    Lactarius vellereus 1 1
    Lactarius volemus 1 1
    Russula alboareolata 3 1 2 6
    Russula casatanopsidis 5 3 8
    Russula compacta 1 1 2
    Russula cyanoxantha 1 1 2
    Russula densifolia 1 1 2
    Russula eburneoareolata 1 1
    Russula emetica 1 1
    Russula fl avida 1 1
    Russula kansaiensis 2 2
    Russula lepida 1 3 4
    Russula mariae 1 4 5
    Russula nigricans 2 2
    Russula senecis 1 1 3 5
    Russula sororia 2 1 3
    Russula spp. 18 3 14 7 14 56
    Russula veternosa 2 2
   Strobilomycetaceae 7 1 11 4 5 28
    Austroboletus fusisporus 1 1
    Austroboletus subvirens 1 1 2
    Boletellus elatus 3 1 4
    Boletellus emodensis 1 1 6 1 1 10
    Boletellus longicolis 1 1
    Boletellus obscurecoccineus 2 1 3 6
    Boletellus spp. 2 1 3
    Heimiella japonica 1 1
   Tricholomataceae 2 1 3
    Laccaria sp. 1 1
    Lyophillum sp. 1 1
    Tricholoma sp. 1 1
  APHYLLOPHORALES 13 10 2 2 27
   Cantharellaceae 4 6 10
    Cantharellus luteocomus 1 1
    Cantharellus minor 1 1
    Cantharellus spp. 3 5 8
   Thelephoraceae 9 4 2 2 17
    Sarcodon sp. 1 1
    Thelephora aurantiotincta 8 2 10
    Thelephora palmata 1 1
    Thelephora sp. 1 1 1 1 4
    Thelephora vialis 1 1
Saprobic fungi 43 80 48 60 91 322
 DISCOMYCETES 2 3 3 8
  HELOTIALES 2 2
   Geoglossaceae 1 1
    Cudonia japonica 1 1

Table 2. Continued
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Function Family Line census Intermittent sampling Total

Order Species Ridge Valley US LS ND

   Leotiaceae 1 1
    Leotia lubrica f. lubrica 1 1
  PEZIZALES 3 3 6
   Helvellaceae 1 1
    Helvella ephippium 1 1
   Morchallaceae 1 1
    Morchella esculenta var. esculenta 1 1
   Sarcosomataceae 2 2 4
    Boedijnopeziza institia 1 1
    Phillipsia domingensis 2 1 3
 PLECTOMYCETES 1 3 1 5
  EUROTIALES 1 3 1 5
   Dendrosphaeraceae 1 1
    Dendrosphaera eberhardti 1 1
   Trichocomaceae 1 3 4
    Trichocoma paradoxa 1 3 4
 HETEROBASIDIOMYCETES 1 1 2 4
  AURICULARIALES 1 1 2 4
   Auriculariaceae 1 1
    Auriculariaceae sp. 1 1
   Tremellaceae 1 2 3
    Holtermannia corniformis 1 1
    Tremella foliacea 1 1
    Tremella mesenterica 1 1
 GASTEROMYCETIDAE 1 6 1 8 16
  TULOSTOMATALES 1 1
   Calostomataceae 1 1
    Calostoma japonicum 1 1
  PHALLALES 1 2 3
   Clathraceae 1 1 2
    Pseudocolus schellenbergiae 1 1 2
   Protophallaceae 1 1
    Kobayasia nipponica 1 1
  SCLERODERMATALES 1 1
   Astraeaceae 1 1
    Astraeus hygrometricus 1 1
  LYCOPERDALES 1 6 4 11
   Geastraceae 1 1
    Geastrum mirabile 1 1
   Lycoperdaceae 1 5 4 10
    Calvatia craniiformis 1 1 1 3
    Calvatia sp. 1 1
    Lycoperdon perlatum 4 2 6
 HYMENOMYCETIDAE 40 77 40 54 78 289
  AGARICALES 23 50 17 36 44 170
   Agaricaceae 3 3 4 10 8 28
    Agaricus abruptibullbus 2 2
    Agaricus praeclaresquamosus 1 1 2 4
    Agaricus spp. 1 1 1 2 5
    Agaricus subrutilescens 1 2 1 4
    Lepiota cristata 2 2
    Lepiota praetervisa 1 1
    Lepiota spp. 1 3 1 2 7
    Leucocoprinus birnbaumii 1 1
    Leucocoprinus fragilissimus 1 1
    Macrolepiota sp. 1 1
   Bolbitiaceae 2 1 1 1 5
    Agrocybe cylindracea 2 1 1 1 5
   Coprinaceae 1 2 1 5 9
    Coprinaceae sp. 1 1
    Coprinus comatus 1 1
    Panaeolus sphinctrinus 1 1
    Psathyrella spp. 2 1 2 5
    Psathyrella velutina 1 1
   Cortinariaceae 1 1
    Galerina sp. 1 1
   Crepidotaceae 5 1 2 8
    Crepidotus mollis 4 1 1 6

Table 2. Continued
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Function Family Line census Intermittent sampling Total

Order Species Ridge Valley US LS ND

    Schizophyllum commune 1 1 2
   Pleurotaceae 1 1 2 4
    Lentinus sajorcaju 1 1
    Panus sp. 1 1
    Panus tigrinus 1 1
    Pleurotus pulmonarius 1 1
   Pluteaceae 1 1 2
    Pluteus atricapillus 1 1
    Pluteus leoninus 1 1
   Strophariaceae 2 3 2 1 8
    Naematoloma fasciculare 2 2 1 1 6
    Phaeomarasmius erinaceella 1 1
    Pholiota sp. 1 1
   Tricholomataceae 17 34 6 18 26 101
    Armillariella sp. 1 1
    Collybia peronata 1 1
    Collybia spp. 1 4 5
    Cyptotrama asprata 2 2 2 6
    Dictyopanus gloeocystidiatus 1 1
    Filoboletus manipularis 2 7 1 3 13
    Hohenbuehelia reniformis 1 1
    Leucopaxillus septentrionalis 1 1
    Marasmiellus candidus 1 12 1 14
    Marasmiellus spp. 4 4
    Marasmius aurantioferrugineus 6 6
    Marasmius spp. 4 5 2 1 1 13
    Micromphale sp. 2 1 3
    Mycena spp. 2 1 1 1 5
    Oudemansiella canarii 2 4 1 7
    Oudemansiella mucida 1 2 3
    Oudemansiella radicata 1 1 6 8
    Oudemansiella spp. 1 4 5
    Panellus stypticus 1 1
    Pleurocybella porrigens 1 1
    Xeromphalina curtipes 1 1
    Xeromphalina spp. 1 1
   Unidentifi ed 1 2 1 4
    Agaricales spp. 1 2 1 4
  APHYLLOPHORALES 17 27 23 18 34 119
   Corticiaceae 1 1 2
    Corticiaceae spp. 1 1 2
   Ganodermataceae 1 8 5 14
    Amauroderma rugosum 6 5 11
    Ganoderma neojaponicum 1 1
    Ganoderma spp. 1 1 2
   Hymenochaetaceae 1 1 2
    Phellinus igniarius 1 1 2
   Podoscyphaceae 1 4 5
    Cymatoderma lamellatum 1 4 5
   Polyporaceae 12 15 13 11 16 67
    Coltricia cinnamomea 1 1 2
    Coriolus hirsutus 1 1
    Laetiporus sulphureus 1 1
    Lenzites vespaceus 2 1 1 4
    Microporus affi nis 1 1
    Microporus vernicipes 10 5 4 3 2 24
    Oligoporus spp. 1 2 3
    Polyporaceae spp. 4 2 2 4 12
    Polyporellus brumalis 1 1
    Polyporus alveolarius 1 1 2
    Polyporus arcularius 2 2
    Polyporus spp. 1 2 1 3 7
    Polyporus varius 1 1
    Pycnoporus coccineus 2 2
    Trametes orientalis 1 1
    Trametes versicolor 1 1 2
    Trichaptum biforme 1 1
   Ramariaceae 1 1

Table 2. Continued
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Function Family Line census Intermittent sampling Total

Order Species Ridge Valley US LS ND

    Ramaria sp. 1 1
   Sclerotiniaceae 1 2 1 1 3 8
    Dicephalospora rufocornea 1 2 1 1 3 8
   Stereaceae 2 7 3 5 17
    Stereum gausapatum 2 1 3
    Stereum ostrea 2 3 1 6
    Stereum spp. 2 2 4
    Xylobolus princeps 1 1 2
    Xylobolus spectabilis 2 2
   Unidentifi ed 2 1 3
    Aphyllophorales spp. 2 1 3
Other Unidentifi ed spp. 4 2 6 5 31 48
Total 139 112 205 114 219 789

Table 2. Continued

Ridge routes

    = 45 spp.

Valley routes

    = 31 spp.

ECM = 3 sp.ECM = 3 sp.

Both routes

    = 11 spp.

SAP = 8 spp.

ECM = 6 spp.

Only in valley

    = 20 spp.

SAP = 14 spp.

ECM = 28 spp.

Only in ridge 

     = 34 spp.

SAP = 6 spp.

ECM = 3 spp.

Fig. 1. Classifi cation of species 
occurring in the line route 
census. A total of 65 species 
were found across two 
topographic routes. The number 
of species occurring only in ridge 
routes or valley routes were 34 
and 20, respectively. A total of 
11 species occurred in both 
topographic routes. ECM and 
SAP indicate ectomycorrhizal 
and saprobic fungal groups, 
respectively
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Fig. 2. Encounter rates of three functional groups on ridge (white bars) 
and valley (gray bars) routes (mean ± 1 SE, n = 12). ECM, SAP, and 
Other indicate ectomycorrhizal, saprobic, and other fungal groups, 
respectively

(Table 2). In the upper slope area, we found 44 species and 
151 units of ECM fungal fruiting bodies and 20 species and 
48 units of saprobic fruiting bodies; we found 27 species 
and 49 units of ECM fungal fruiting bodies and 30 species 
and 60 units of saprobic fungal fruiting bodies in the lower 
slope area (Table 2).

The seasonal variation of fungal functional group com-
position in the intermittent sampling method was signifi -
cantly different between May and September (χ2 test, χ2 = 
20.61, P = 0.0004). The numbers of ECM fungal fruiting 
bodies sampled were almost same as those of saprobic fungi 
in May (22 ECM units vs. 24 saprobic units), June (83 vs. 
81), and August (30 vs. 23), whereas those were rather 
greater than those of saprobic fungi in July (83 vs. 30) and 
September (78 vs. 37) (Fig. 3a). The seasonal variation of 
topographic locations in the intermittent sampling method 
was not signifi cantly different between May to September 
for ECM fungi (χ2 test, χ2 = 3.70, P = 0.4483; Fig. 3b), but 
was signifi cantly different for saprobic fungi (χ2 = 13.23, 
P = 0.0102; Fig. 3b). The numbers of ECM fungal fruiting 
bodies sampled on the upper slope area were greater than 
those on the lower slope area in May (8 units on the upper 
slope area vs. 2 units on the lower slope area), June (33 vs. 
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(28.3%), 8.8 m2/ha (18.1%), and 7.2 m2/ha (14.8%) in BA, 
respectively.

Tree densities were signifi cantly greater on the upper 
slope for ten species: Castanopsis cuspidata var. sieboldii, 
Distylium racemosum, Pasania edulis, Quercus salicina, 
Myrsine seguinii, Rhododendron tashiroi, Symplocos pruni-
folia, Vaccinium bracteatum, Syzygium buxifolium, and 
Myrica rubra (binominal test, P < 0.05; Table 3), and on the 
lower slope for three species, Ardisia sieboldii, Scheffl era 
octophylla, and Litsea acuminata (binominal test, P < 0.05; 
Table 3).

Discussion

Fungal community

Fungal fruiting body composition differed greatly between 
the two topographic positions in the line census method. 
The ECM fungal functional group dominated in the ridge 
route while not in the valley route, and the saprobic func-
tional group dominated in the valley route but not in the 
ridge route. These fi ndings indicated fungal communities 
differ between the two topographic positions, at least in the 
late summer mass emergence season (Table 2, Fig. 1).

To evaluate fungal diversity, temporal and spatial varia-
tion and their interaction should be taken into account 
(Braga-Neto et al. 2008), because fungal composition 
changed seasonally and spatially. Short-term observation 
was one of the weak points of this study, whereas the line 
route census in this study had advantages in systematic, 
simple, and convenient methodology and in covering a spa-
tially heterogeneous environment within a forest and among 
forests. If the study period of these line censuses covered 
entire emergence seasons, the results of this study could be 
different. In fact, from the results of the seasonal variation 
of functional group composition, the ratio of ECM fungi to 
saprobic fungi changes seasonally from May to September, 
as a previous study showed in a warm temperate forest in 
Fukuoka, Japan (Murakami 1989). However, during rainy 
and post-rainy seasons, topographic locations in intermit-
tent sampling for ECM fungi did not change much from 
May to September (Fig. 3b), similar to the results of the line 
census method. These results suggested that communities 
of fungal fruiting bodies on the upper slope area were domi-
nated by ECM fungal species, whereas those on the lower 
slope area were not, and that the topography-specifi c ECM 
fungal fruiting body emergence pattern in this short-term 
study at one mass emergence season was probably a robust 
phenomenon throughout whole seasons.

Fungal functional groups and topography

We found, in these line censuses, that encounter rates of 
ECM fungi were greater on the ridge route than the valley 
route whereas those of saprobic fungi were greater on the 
valley route than the ridge route (see Fig. 1). Habitat par-
titioning of the fungal fruiting bodies emergence pattern 

Fig. 3. a Functional group composition of fungal fruiting body samples 
of intermittent sampling from March to December and of the line 
censuses. Data of 7 years were pooled for the intermittent sampling 
method. White, gray, and black bars indicate ECM, saprobic, and other 
fungi, respectively. Small numbers above the bars indicate sample 
numbers. b Topographic ratios of fungal fruiting body samples (= the 
number of samples found on the upper slope area/summation of the 
numbers of samples found on the upper and lower slope areas) from 
May to November. White squares and circles indicate topographic 
ratios of ECM and saprobic fungi of the intermittent sampling, respec-
tively; black squares and circles indicate topographic ratios of ECM 
and saprobic fungi of the line route census, respectively. Small numbers 
above the symbols indicate sample numbers

7), July (41 vs. 12), August (20 vs. 5), and September (49 
vs. 23) (Fig. 3b). The numbers of saprobic fungal fruiting 
bodies sampled on the upper slope area were same or rather 
greater in May (3 units on the upper slope area vs. 3 units 
on the lower slope area), June (16 vs. 15), July (11 vs. 7), 
and August (12 vs. 8), but smaller in September (6 vs. 26) 
(Fig. 3b).

Tree distribution along topography

In the whole quadrat in the Hanyama area, Fagaceae, 
Hamamelidaceae, and Lauraceae were the top three domi-
nant families and had 26.9 m2/ha (40.9%), 12.4 m2/ha 
(28.8%), and 4.3 m2/ha (6.5%) in BA, respectively. In the 
upper slope area of the quadrat, Fagaceae, Hamamelida-
ceae, and Ericaceae were the top three dominant families 
with 44.9 m2/ha (50.2%), 17.3 m2/ha (19.3%), and 4.6 m2/ha 
(5.1%) in BA, respectively. In the lower slope area in the 
quadrat, Fagaceae, Hamamelidaceae, and Lauraceae 
were the top three dominant families with 13.7 m2/ha 
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along a topographic gradient may be largely controlled by 
moisture and nutrients in the soil (Ogawa 1977; O’Dell 
et al. 1999; Trudell and Edmonds 2004). Trudell and 
Edmonds (2004) suggested that fungal fruiting body com-
munity differences were largely related to differences in 
ecosystem moisture and nitrogen abundance, and that 
within the ECM fungi, possible causal mechanisms involve 
mycelial morphology and carbon allocation within symbio-
ses. In general, soils on ridges are thought to be drier and 
poorer in nutrients than those on slopes (Tokuchi et al. 
1999). Thus, the fact that the ECM fungi are affected by 
nitrogen to a much greater degree than saprobic fungi 
results in lower ECM and higher saprobic proportions of 
total taxa at sites with higher nitrogen (i.e., the lower slope 
area) than at those with lower nitrogen (i.e., the upper slope 
area) (Fellner 1993; Wallenda and Kottke 1998; Trudell and 
Edmonds 2004).

Litter fungal fruiting body production in a tropical forest 
varied predictably in space and time, suggesting that litter 
fungi species are not randomly distributed at mesoscales 
(Braga-Neto et al. 2008). Saprobic fungal fruiting body 
abundance and/or diversity tended to be correlated with the 
amount of resource substrate, such as litter and dead wood 
(Yamashita and Hijii 2006; Yamashita et al. 2008). In 
general, the amount of litterfall varied with topography and 
was greatest at the valley bottom and decreased toward the 
ridges in the forests (Kusumoto and Enoki 2008). In con-
trast, the litter found at the top slope position decomposed 
slower than that at either the bottom or middle topographic 

positions (Sariyildiz et al. 2005). However, there was 
much litter to some extent as a resource for saprobic fungi 
in both topographic positions. On the other hand, the topo-
graphic proportion of sapling fungi found in the intermit-
tent sampling method changed less from May to August but 
much more from August to September (Fig. 3b). Because 
litter fungi were likely to be responding to water potential 
in the litter rather than rainfall per se (Braga-Neto et al. 
2008), this may be because the saprobic fungal fruiting body 
emergence pattern was largely affected by some temporal 
environmental factor, such as moisture. Thus, we suggested 
that saprobic fungal fruiting body emergence in this study 
forest was affected by topographic position through the 
amount of litter abundance and temporal moisture 
condition.

Fungi, tree distribution, and topography

In this evergreen broad-leaved forest in Yakushima Island, 
Fagaceae, Hamamelidaceae, Lauraceae, and Ericaceae 
dominated (see Table 3). Especially Fagaceae, which have 
a mutualistic correlation with ectomycorrhizal fungi, domi-
nated half of total BA in the upper slope area because four 
of the Fagaceae tree species distributed mainly on the upper 
slope area in these forests (see Table 2) (Aiba et al. 2001; 
Tsujino et al. 2006; Tsujino and Yumoto 2007). ECM is an 
important factor for the survival and growth of trees sup-
ported by ECM fungi as it stimulates their water and nutri-

Table 3. Tree stem densities and basal area (BA) densities of stems ≥10 cm in DBH in a 50 × 50 m quadrat in Hanyama area. US and LS 
indicate the upper slope and lower slope area, respectively

Family Species Stem density (1/ha) BA density (m2/ha)

US LS Total P US LS Total

Aquifoliaceae Ilex goshiensis 9.46 6.93 8 0.4881 0.12 0.09 0.10
Araliacear Scheffl era octophylla 18.92 69.30 48 0.0484 1.00 2.43 1.82
Daphniphyllaceae Daphniphyllum teijsmannii 18.92 0.00 8 0.1788 0.61 0.00 0.26
Ebenaceae Diospyros morrisiana 18.92 0.00 8 0.1788 0.20 0.00 0.09
Ericaceae Rhododendoron tashiroi 141.91 76.23 104 0.0451 1.79 1.04 1.36
Ericaceae Vaccinium bracteatum 94.61 6.93 44 0.0012 2.81 0.07 1.23
Euphorbiaceae Aleurites cordata 0.00 20.79 12 0.1923 0.00 0.19 0.11
Fagaceae Castanopsis cuspidata 37.84 0.00 16 0.0320 5.41 0.00 2.29
Fagaceae Pasania edulis 435.19 76.23 228 <0.0001 11.44 1.66 5.79
Fagaceae Quercus phillyraeoides 28.38 0.00 12 0.0756 10.90 0.00 4.61
Fagaceae Quercus salicina 198.68 97.02 140 0.0149 17.13 12.06 14.20
Hamamelidaceae Distylium racemosum 387.89 180.18 268 0.0008 17.26 8.79 12.37
Lauraceae Litsea acuminata 0.00 55.44 32 0.0123 0.00 3.65 2.11
Lauraceae Neolitsea aciculata 18.92 69.30 48 0.0484 0.32 3.15 1.96
Lauraceae Neolitsea sericea 0.00 13.86 8 0.3332 0.00 0.35 0.20
Lythraceae Lagerstroemia subcostata 0.00 6.93 4 0.5772 0.00 0.75 0.43
Myricaceae Myrica rubra 47.30 0.00 20 0.0135 1.72 0.00 0.73
Myrsinaceae Ardisia sieboldii 0.00 138.60 80 <0.0001 0.00 3.60 2.08
Myrsinaceae Myrsine seguinii 198.68 76.23 128 0.0043 3.05 1.09 1.92
Myrtaceae Syzygium buxifolium 66.23 0.00 28 0.0024 1.29 0.00 0.55
Symplocaceae Symplocos prunifolia 170.29 83.16 120 0.0220 6.07 3.73 4.72
Theaceae Camellia japonica 66.23 41.58 52 0.1533 1.20 0.70 0.91
Theaceae Camellia sasanqua 0.00 6.93 4 0.5772 0.00 0.12 0.07
Theaceae Cleyera japonica 151.37 180.18 168 0.1082 2.02 3.94 3.13
Theaceae Eurya japonica 47.30 62.37 56 0.1923 0.54 0.77 0.67
Theaceae Ternstroemia gymnanthera 56.76 20.79 36 0.0923 4.55 0.30 2.10

Total 2213.81 1288.98 1680 <0.0001 89.43 48.47 65.79
Survey area (m2) 1057 1443 2500



398 

ent uptake (Smith and Read 1997). Because the spatial 
distributions of fruiting bodies of ECM fungi are affected 
by the distribution of roots (Matsuda and Hijii 1998), topo-
graphic fungal fruiting body emergence in this study prob-
ably occurred because ECM fungi have a mutualistic 
partnership with these trees, and thus they have also a 
spatial correlation with these trees.

Furthermore, mycorrhizal-supported families of trees 
such as Fagaceae and Ericaceae were distributed mainly on 
the upper slope area and dominated 55.3% of BA in the 
upper slope area of the study quadrat compared to 30.6% 
in the lower slope area (see Table 3). In fact, Fagaceae tree 
species such as Pasania edulis, Castanopsis cuspidate, and 
Quercus acuta and Ericaceae tree species such as Rhodo-
dendron tashiroi and Vaccinium bracteatum distributed 
mainly on the ridge area in evergreen broad-leaved forests 
in Amami Ohshima Island, Okinawa Island, and other 
study plots in Yakushima Island (Hara et al. 1996; Aiba 
et al. 2001; Enoki 2003; Tsujino et al. 2006). Thus, we suggest 
that the symbiosis of mycorrhizal fungi with trees was one 
of the key factors affecting topography-specifi c tree distri-
bution patterns as a kind of extended function of the plant 
roots in a stressful environment such as a ridge.
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