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Abstract Spatial associations between ectomycorrhizal
(ECM) fungi and their presumed host trees, and spatio-
temporal associations among ECM fungi were surveyed
for 3 years in an Abies firma-dominated forest in cen-
tral Japan. A total of 39 species in 13 genera of ECM
fungi were recorded, with more species in the Russula-
ceae than any other family. Russula ochroleuca, Russu-
la sp.1 and Strobilomyces confusus tended to produce
their fruitbodies on the forest floor directly under the
crown of A. firma, whereas those of Inocybe cincinnata,
Gomphus floccosus and G. fujisanensis were aggre-
gated in limited areas outside the A. firma crown. Inter-
specific spatial associations were analysed for Russula
sp.1, which was the most dominant species, and three
other frequent species, I. cincinnata, S. confusus and R.
ochroleuca. Pairwise, Russula sp.1 with I. cincinnata,
with S. confusus or with R. ochroleuca showed an asso-
ciation which was exclusive, overlapping or indepen-
dent, respectively. Fruiting phenologies differed in that
S. confusus showed a peak density in the summer,
whereas the other three species peaked in the autumn.
These results suggest that the formation of ECM fruit-
bodies can be partitioned among the species both spa-
tially and temporally.
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Introduction

Most woody plants have ectomycorrhizal (ECM) roots
associated with a large number of fungal species (Smith

and Read 1997) and there is an increasing body of
knowledge about the degree of specificity in ECM asso-
ciations, based mainly on field observations (Trappe
1962; Molina et al. 1992). For instance, Trappe (1977)
estimated that Douglas fir [Pseudotsuga menziesii
(Mirb.) Franco] may have ECM associations with as
many as 2000 species of ECM fungi. The biological
traits and ecological significance of most potential
ECM fungi in forest ecosystems, however, still remain
unclear. To better understand the role of ECMs in for-
est ecosystems, characterization of the fungal species
and elucidation of fungal community structure are re-
quired by monitoring the spatial and temporal distribu-
tion of ECM fungi in various types of forest.

Some studies have reported changes in the species
composition of ECM fungi as forest stands age (Digh-
ton et al. 1986; Chu-Chou and Grace 1988; Keizer and
Arnolds 1994). Other studies have examined the spatial
distribution of ECM fungi based on the appearance of
their fruitbodies (Murakami 1987; Dahlberg and Sten-
lid 1990; Tyler 1994). The concept of two ecological
groups of ECM fungi termed “early-stage fungi” and
“late-stage fungi” originated from a series of studies on
the spatial and temporal patterns of ECM fungi asso-
ciated with birch trees (Betula pendula Roth and B. pu-
bescens Ehrh.) in Scotland (Deacon and Fleming 1992).
However, Newton (1992) questioned the applicability
of the classification to mature trees in a forest soil, be-
cause the concept had been established from studies of
younger trees (up to 14 years old) growing in agricul-
tural soil. Moreover, only a few tree species have been
surveyed with respect to the spatial and temporal distri-
bution of ECM fungi in mature forests.

Momi fir (Abies firma Sieb. et Zucc.) is a major tree
species occurring only in warm-temperate forests in Ja-
pan (Oohata 1994). The fir sporadically forms pure
stands at the late vegetational stage, but occurs more
frequently mixed with other tree species (Kitamura and
Murata 1984). Although some studies of ECMs have
been conducted on the Abies genus (Masui 1926; Vogt
et al. 1982; Berndt et al. 1990; Kernaghan et al. 1997),
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Fig. 2a, b Climatic conditions
during the study period
(1994–1996). a Seasonal
changes in mean air tempera-
ture (lines) and monthly rain-
fall (bars). b Total rainfall
from May to November in
each sampling year

Fig. 1 a Distribution of stand-
ing trees and the crown pro-
jection areas of Abies firma
and Carpinus laxiflora in the
study plot (10!30 m; L A. fir-
ma, X C. laxiflora, [ Cryp-
tomeria japonica or Chamae-
cyparis obtusa, – crown area
of A. firma, 777 crown area of
C. laxiflora. b–d Spatial distri-
bution of fruitbodies of ecto-
mycorrhizal fungi in the plot
in 1994 (b), 1995 (c) and 1996
(d); [ Russula ochroleuca, X
Russula sp. 1, g Strobilomyces
confusus, X Inocybe cincinna-
ta, N Gomphus floccosus, c
G. fujisanensis, – other species

there is no information about the distribution pattern
of associated ECM fungi.

The purpose of this study was to elucidate both spa-
tial associations between sporophores of ECM fungi
and their presumed host trees, and the spatiotemporal
sporophore distributions among ECM fungi by moni-
toring the species composition and abundance of fruit-
bodies in an A. firma forest.

Materials and methods

Study site

The study site, located in Inabu Town, Aichi Prefecture in central
Japan (680 m a.s.l., 35711’N, 137733’E), was first largely occupied
by a man-made coniferous stand of 30- to 35-year-old Japanese
cedar (Cryptomeria japonica D. Don) and Japanese cypress (Cha-
maecyparis obtusa Endl.), which form vesicular-arbuscular my-

corrhizas (Mizoguchi 1996), and followed by a naturally regener-
ated forest of unknown age consisting mainly of A. firma. A study
plot of 10!30 m was set on a marginal area of the regenerated
forest facing the man-made coniferous stand (Fig. 1a), because a
preliminary survey showed that far fewer fruitbodies were pro-
duced inside the regenerated forest than in the marginal area
(Matsuda 1994). The plot had a tree density of about 1500 ha–1

with mean diameters at breast height of 13.5 cm for C. japonica
and C. obtusa (np41) and 68.9 cm for A. firma (np3). In addi-
tion, it contained one mature hornbeam tree [Carpinus laxiflora
(Sieb. et Zucc.) Blume] and one suppressed A. firma tree. The
forest floor was sparsely dominated by Lindera triloba Blume.
Seedlings of Vaccinium hirtum Thunb., Rhus trichocarpa Miquel,
Hydrangea hirta Sieb. et Zucc. and Akebia trifoliata Koidzumi oc-
curred infrequently on the forest floor. The soil was classified as a
slightly wetted black soil (Bl on the criteria of soil type in Japan)
or a slightly wetted brown forest soil (BE). The pH (H2O) of the
soil 10 cm below the litter layer was 4.7.

The data for mean air temperature and monthly rainfall dur-
ing the study period (1994–1996) were taken at the nearest weath-
er station (3 km away from the study site; Fig. 2). Peak rainfall
occurs in July or September in every year. The total rainfall from
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May to November was higher in 1995 than in the other two years.
In 1995, however, a severe drought lasting for 38 days under rela-
tively high air temperatures was observed during the summer.

Sampling of fruitbodies

Surveys were performed 67 times at about 10-day intervals from
May to November in 1994, 1995 and 1996. In each survey, the
species, position and number of individuals were recorded for all
fruitbodies considered as ectomycorrhizal (Trappe 1962). Some
fruitbodies were collected for further examination of their mor-
phological features and as voucher specimens, but otherwise spor-
ocarps were clipped at ground level and left in the plot. Because
of uncertainty about the ecological roles of Entoloma spp., fruit-
bodies of this genus were excluded from the analysis. Determina-
tion of the fungal nomenclature was according to Imazeki and
Hongo (1987, 1989). After oven-drying at 75 7C for 48 h, selected
dried voucher specimens were stored at the Nagoya University
Forest.

Analysis of the spatial distribution of ECM fruitbodies

Interspecific associations as reflected by reproductive efforts with
respect to the spatial distribution were analysed by the v index
(Iwao 1977) as follows. Mean crowding (m*) within each species,
defined as the mean number of other individuals per quadrat per
individual, is denoted by

m*XpAxXi (xXi–1)/AxXi (1)

and

m*YpAxYi (xYi–1)/AxYi (2)

where m*X and m*Y are mean crowding of species X and Y, re-
spectively, and xXi and xYi are the number of individuals of spe-
cies X and Y in the ith quadrat (ip1, 2, ..., Q). When individuals
belonging to species X and Y are distributed over the same space,
the mean crowding on species X by Y is given as

m*XYpAxXixYi /AxXi (3)

and that on species Y by X is

m*YXpAxXixYi /AxYi (4)

If there is no spatial overlapping between species X and Y

m*XYpm*YXp0 (5)

If the distributions of two species are completely overlapped

m*XYpm*Yc1
m*YXpm*Xc1 (6)

and if two species are distributed independently of each other

m*XYpmY

m*YXpmX (7)

From Eq. 6, the ratios, m*XY/(m*Yc1) and m*YX/(m*Xc1), indi-
cate the degree of overlapping of Y on X and vice versa, and the
geometric mean of these ratios

gp;hm*XY/(m*Yc1)j hm*YX/(m*Xc1)j (8)

gives an index of overlapping between two species, which has a
maximum value of 1 when the distributions of species X and Y
are completely overlapped and a minimum value of 0 when they
are completely exclusive of each other (Iwao 1977). From
gp;h(m*YX/mX)(m*XY/mY)j/[h(m*Xc1)/mXj h(m*Yc1)/mYj],
transformed from Eq. 7 and Eq. 8, the g expected for indepen-
dent distributions of two species is
g0p;hmX/(m*Xc1)j hmY/(m*Yc1)j.
A measure of the degree of spatial correlation, or the degree of
overlapping relative to the independent distributions is given by,

vp(g–g0)/(1–g0) for g8g0

vp(g–g0)/g0 for g~g0

The value of v changes from its maximum of 1 for complete over-
lapping, through 0 for independent distributions, to the minimum
of –1 for complete exclusion (Iwao 1977).

The analysis was not based on numerical abundance but on
the presence or absence of ECM fruitbodies in a unit area, be-
cause the numbers of fruitbodies observed do not always reflect
the actual abundance of ECM fungi belowground. Thus, prior to
analysis of the distribution map of ECM fruitbodies, the whole
plot was modified into a mesh-data map with a 0.25-m mesh: if
one or more fruitbodies occurred in one unit (0.25!0.25 m) of
the mesh map, it was defined as being present, i.e. the unit was
assumed to be equivalent to one “individual”, and absence was
considered to be 0. The v index was calculated for each combina-
tion of Russula sp.1 and one of the other most frequent fungal
species at five different sizes of quadrat representing different
numbers of units in the same plot: 0.25 (0.5!0.5) m2 [the number
of units involved in a quadrat (u)p4, the number of quadrats in-
volved in the plot (Q)p1200], 1 m2 (up16, Qp300), 4 m2

(up64, Qp75), 6.25 m2 (up100, Qp48) and 25 m2 (up400,
Qp12). Changes in the v index with increasing quadrat size will
reflect a characteristic pattern of distribution with increasing den-
sity per quadrat according to the type of distribution for each spe-
cies, and may thus provide more detailed information on the spa-
tial associations between species than analysis based on a single v
value at a given quadrat size (Iwao 1972).

Results

Species composition and abundance of ECM fungi

The species composition of fruitbodies of ECM fungi
and their frequency of occurrence in each year are giv-
en in Table 1. A total of 39 species in 13 genera were
identified during the study period. Cortinarius sp.1,
Strobilomyces confusus, Russula ochroleuca, Russula
sp.1, Gomphus floccosus and G. fujisanensis consis-
tently fruited every year (Table 1). The family Russula-
ceae contained more species than any other family,
with 28% of all species in the genus Russula and 18%
in Lactarius. Fruitbodies of an undescribed Russula
species, Russula sp.1 with a very acrid flavor, occurred
most frequently, and this species with Inocybe cincinna-
ta, S. confusus and R. ochroleuca accounted for 76% of
all the fruitbody occurrences.

The number of species and fruitbodies of ECM fungi
confirmed at the site varied between years, with a max-
imum in 1994 and a minimum in 1995 (Fig. 3). The cu-
mulative number of species increased from 29 to 39
over the three successive years.

Fruiting phenology of ECM fungi

Seasonal changes in numbers of species and fruitbodies
both showed a bimodal pattern in each year, with one
peak from late June to early August and the other
larger peak from late September to early October
(Fig. 4). The peak values for species richness and fruit-
body production were much lower in 1995 than in 1994
and 1996 (Fig. 4), probably because of a severe drought
from late July to the end of August in 1995 (Fig. 2).
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Table 1 Species of ectomycorrhizal fungi fruited in an Abies fir-
ma study plot (10!30 m) from 1994 to 1996 and their frequencies
in each year. Asterisked species were used for the analysis of spa-
tial distribution

Species 1994 1995 1996 Total

Laccaria sp. 1 1 1
Tricholoma saponaceum (Fr.)
Kummer

3 3

T. imbricatum (Fr.: Fr.)
Kummer

1 1

Amanita sychnopyramis
Corner & Bas f. subannulata
Hongo

1 1

A. vaginata (Bull.: Fr.) Vitt
var. vaginata

8 8

A. volvata (Peck) Martin 3 3
Inocybe cincinnata (Fr.: Fr.)
Quél.*

14 55 69

I. kobayashi Hongo 7 7
Inocybe sp. 1 10 1 11
Cortinarius ssp. 2 2
Cortinarius sp. 1 3 3 9 15
Strobilomyces confusus Sing.* 13 11 20 44
Austroboletus gracilis (Peck)
Wolfe

2 1 3

Pulveroboletus ravenellii
(Berk. & Curt.) Murr.

3 3

Boletus ornatipes Peck 1 4 5
Boletus sp. 1 1 1
Tylopilus neofelleus Hongo 1 4 5
T. vinosobrunneus Hongo 2 2
Tylopilus sp. 1 1 1
Russula japonica Hongo 1 1
R. rubescens Beaydslee 3 3
R. compacta Frost & Peck
apud Peck

15 12 27

R. laurocerasi Melzer 1 11 12
R. metachroa Hongo 1 1
R. pectinatoides Peck 1 1 2
R. ochroleuca (Pers.) Fr.* 24 7 1 32
R. alboareolata Hongo 1 1 2
R. emetica (Schaeff.: Fr.)
S. F. Gray

8 15 23

R. omiensis Hongo 3 3
Russula sp. 1* 309 56 191 556
Lactarius piperatus (Scop: Fr.)
S. F. Gray

1 1

L. volemus (Fr.) Fr. 5 2 7
L. gerardii Peck 1 1
L. chrysorrheus Fr. 2 2
Lactarius sp. 1 1 25 26
Lactarius sp. 2 2 2
Lactarius sp. 3 2 7 9
Gomphus floccosus (Schw.)
Sing.

3 3 10 16

G. fujisanensis (Imai)
Parmasto

9 3 6 18

At the species level, the seasonal abundance of fruit-
bodies tended to show one striking peak for all four
major ECM fungi (Fig. 5). Inocybe cincinnata fruited
most frequently from late September to early October
in every year, R. ochroleuca and Russula sp.1 fruited
most abundantly in October, and S. confusus most
abundantly in July. For other less frequent species, R.
emetica for instance occurred in July or August, where-

Fig. 3 Number of species (broken line) and fruitbodies (columns)
of ectomycorrhizal fungi confirmed at the plot during the survey
period

Fig. 4a, b Fruiting phenology of ectomycorrhizal fungi during the
survey periods: 1994 (}–}), 1995 (L . . .L) and 1996 (G l l l l G).
a Number of species. b Number of fruitbodies

as Lactarius sp.1, R. compacta and G. fujisanensis
fruited in September and/or October (not shown).

Spatial association between ECM fruitbodies and
standing trees

The fruitbody mapping data from 1994 to 1996 revealed
a spatial distribution pattern of ECM fungi related to
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Fig. 5 Frequency of monthly occurrences of the four dominant
species of ectomycorrhizal fungi (Inocybe cincinnata, Strobilo-
myces confusus, Russula ochroleuca, Russula sp.1) at the plot dur-
ing the survey periods from 1994 to 1996. Frequency of monthly
occurrences is given as the proportion of the number of fruitbod-
ies in each month relative to the total number of fruitbodies in
each species

the position of trees (Fig. 1b–d). Although there was a
large difference in fruitbody production from year to
year (Fig. 3), their spatial distribution showed a similar
pattern in each year. A large number of fruitbodies
were observed on the forest floor of the west side of the
plot, where A. firma and C. laxiflora were dominant.
On the other hand, fewer fruitbodies occurred on the
east side of the plot, occupied exclusively by the non-
ECM trees, C. japonica and C. obtusa.

At the species level, R. ochroleuca, Russula sp.1 and
S. confusus tended to produce their fruitbodies on the
forest floor directly under the crown of A. firma
(Fig. 1). Although several ECM morphotypes were ob-
served on C. laxiflora, no ECM association has yet
been successfully confirmed. However, Boletus orna-
tipes, which has been recorded under various hardwood
trees (Imazeki and Hongo 1989), was observed only on
the forest floor directly under the crown of C. laxiflora.
On the other hand, individuals of I. cincinnata, G. floc-
cosus and G. fujisanensis were independently aggre-
gated in limited areas outside the crowns of A. firma
and C. laxiflora (Fig. 1).

Fig. 6 Changes in the degree of overlap in relation to quadrat
size between Russula sp.1 and each of the three ECM fungi dur-
ing the study period (a), in 1994 (b), in 1995 (c) and in 1996 (d); }
R. ochroleuca, L S. confusus, G I. cincinnata. The v index was
calculated based on the m*-m method (Iwao 1977). The v value
changes from 1 (complete overlap), through 0 (independent oc-
currence) to –1 (complete exclusion). No fruitbodies of I. cincin-
nata were observed in 1994. Only one fruitbody of R. ochroleuca
was observed in 1996 and, thus, the interspecific analysis of the
species with Russula sp.1 was not made

Spatial and temporal associations among ECM
fruitbodies

The four most frequent species of ECM fungi, I. cincin-
nata, S. confusus, R. ochroleuca and Russula sp.1 (Ta-
ble 1), were selected for analysis of interspecific spatial
associations. Russula sp.1 was the most dominant spe-
cies with respect to fruitbody frequency every year, and
thus the analysis was made combining Russula sp.1 and
one of the other three species.

The pair Russula sp.1 and I. cincinnata showed an
exclusive and an independent distribution pattern rela-
tive to each other in 1995 and 1996, respectively
(Fig. 6c, d), although no fruitbodies of I. cincinnata
were observed in 1994. The v values ranged between 0
and –0.4 for the two years, and tended to increase with
quadrat size (Fig. 6a). The peak abundance of Russula
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sp.1 and I. cincinnata occurred during a similar period,
early October, suggesting the likelihood of spatial parti-
tioning between the two species. A similar distribution
pattern was also observed between Russula sp.1 and G.
fujisanensis (Fig. 1b–d), where the v value for the smal-
lest quadrat size showed complete spatial exclusion
(vp–1) between the two species (not shown).

In the case of Russula sp.1 and R. ochroleuca, fruit-
bodies of both species appeared to occur in similar po-
sitions under the crown of ECM trees (Fig. 1b–d), but
on a local scale, a positive spatial association between
these species was less distinctive. The v value for 1994
and 1995, and combined data for the two years, at the
smallest quadrat size (0.25 m2), clearly showed that the
two species were distributed independently during the
study period (Fig. 6a–c). That the increase in the v val-
ue at larger quadrat sizes was only slight also indicated
that the spatial overlap between the two species was
small. In 1996, R. ochroleuca produced only one fruit-
body, and hence the analysis was not conducted.

The spatial distribution of fruitbodies of Russula
sp.1 overlapped greatly with that of S. confusus every
year (Fig. 1b–d). Values of the v index in 1994 and
1996 increased from 0.1 to 0.7 with the quadrat size
(Fig. 6b, d) and although complete spatial exclusion
was suggested by the smallest quadrat sizes in 1995, the
v index increased with quadrat size to 0.6 (Fig. 6c). The
v index showed a positive value even at the smallest
quadrat size for the overall 3-year data of fruitbody oc-
currence, and increased with the quadrat size towards a
maximum (Fig. 6a). However, the fruiting phenology of
the two species showed different patterns of temporal
distribution: Russula sp.1 had a peak abundance in the
autumn and S. confusus in the summer (Fig. 5).

Discussion

Among the 39 species of presumed ECM fungi re-
corded during the study period in the 300 m2 site (Ta-
ble 1), Tricholoma saponaceum, S. confusus, Austrobo-
letus gracilis, R. rubescens, G. floccosus and G. fujisa-
nensis are known to fruit on the A. firma forest floor
(Imazeki and Hongo 1987, 1989). Masui (1926) con-
firmed a mycorrhizal association by detecting mycelial
hyphae connecting G. floccosus (renamed from Can-
tharellus floccosus Schw.) and roots of A. firma. Thus, it
is most likely that G. floccosus has mycorrhizal associa-
tions with A. firma at this study site. Although some of
the other species may associate with roots of C. laxiflo-
ra (personal observation), they have not been listed
previously as mycorrhizal fungi associated with A. fir-
ma.

The rise in the cumulative number of ECM fungal
species, from 29 to 39, for the three successive years
suggests that the duration of the survey may have been
insufficient to reveal all potential ECM species in the
study plot. However, Arnolds (1992) estimated that
75% of the total number of species of macrofungal rep-

resentatives in fungal communities could be observed
over 3 years with a survey every 2 weeks at a selected
site. Moreover, Dahlberg et al. (1997) surveyed epi-
geous ECM fungal species on a 100-m2 plot for 6 years
in a mature Norway spruce [Picea abies (L.) Karst.] for-
est and observed up to 86% of the total number of spe-
cies in the plot in the first 3 years. In the present study,
particular species of ECM fungi, such as Russula sp.1
and S. confusus, remained dominant throughout the
study period in spite of large fluctuations in the num-
bers of species and fruitbodies between years. More-
over, the stand dominated by mature firs was character-
ized almost all the time by the family Russulaceae.
Therefore, although some species of potential ECM
fungi remain unknown, major species of ECM flora in-
dicated by fruitbody occurrence, were recorded in asso-
ciation with A. firma in this 3-year survey.

In the present study, the frequency of fruitbodies of
ECM fungi tended to decrease with the distance from
ECM host trees. Nevertheless, there were distinct dif-
ferences in fruiting positions among different fungal
species. Studies conducted on a single site have re-
vealed spatial partitioning among species of ECM fungi
related to the distance from the stem of an associated
host tree (Ford et al. 1980; Mason et al. 1982; Gibson
and Deacon 1988). In the present study, the genus Rus-
sula and S. confusus fruited near the stems of ECM
trees, whereas the genera Inocybe and Gomphus oc-
curred at some distance from them. A similar trend was
previously found for G. floccosus, which fruited in ar-
eas far from the standing position of an A. firma tree
(Masui 1926). However, according to the succession
concept (Deacon and Fleming 1992), the genera Russu-
la and Gomphus are considered as late-stage fungi and
tend to occur at the proximal part of host tree root sys-
tems, whereas the genus Inocybe is considered as early-
stage and tends to occur at the distal part. This suggests
a limit to the applicability of the concept to the whole
forest succession, as argued by Arnolds (1991), and al-
though some studies on the succession of ECM fungi
have indicated a sequence of ECM occurrence with in-
creasing stand age (Keizer and Arnolds 1994; Visser
1995), results suggest that the question of ECM succes-
sion is more complicated than previously supposed.

Interspecific associations among ECM fungi have
previously been examined mainly for members of the
Russulaceae. Murakami (1987) showed exclusive asso-
ciations between R. laurocerasi and R. densifolia in an
evergreen broad-leaved [Castanopsis cuspidata var. sie-
boldii (Makino) Nakai] forest in Japan. Tyler (1994)
obtained similar results in a pure stand of hornbeam
(Carpinus betulus L.) based on fruitbody occurrence,
where species of Russula and Lactarius tended to ex-
clude each other. On the other hand, Brunner et al.
(1992) demonstrated spatial coexistence between R. al-
nicrispae and R. subarctica in an Alnus crispa forest. In
this study, the spatial association between Russula sp.1
and R. ochroleuca was independent, irrespective of
quadrat size, whereas that of S. confusus and of I. cin-



137

cinnata to Russula sp.1 varied depending on the qua-
drat size, suggesting that adequate quadrat size may be
an important factor in studies of associations between
congeners.

Using the v index analyses based on the 0.25-m-
mesh map data, it was possible to quantify the degree
of spatial associations among the species of ECM fungi
in the field plot. Moreover, periodic survey of fruitbody
occurrence enabled characterization of the fruiting phe-
nology of the ECM fungi. These combined approaches
revealed that Russula sp.1 and S. confusus fruitbodies
did not coincide temporally, but did so spatially. Al-
though this study has focused on ephemeral fruitbod-
ies, their spatiotemporal relationship could provide in-
sight into the characteristics of fungi and may explain
their habitat segregation.

The occurrence of fruitbodies of a confirmed ECM
fungus indicates the presence of the fungal species un-
derground. However, the relationship between produc-
tion of fruitbodies aboveground and formation of ecto-
mycorrhizas belowground can vary among fungal spe-
cies. Fruitbody production by an ECM fungus may not
always reflect frequency of ECM associations formed
by same fungus and vice versa (Menge and Grand 1978;
Danielson 1984; Jansen and Nie 1988). Recent studies
based on ECM morphotypes and on molecular ap-
proaches have confirmed that the abundance of fruit-
bodies formed by a particular species of ECM fungus
does not reflect the ECM fungal mass belowground
(Gardes and Bruns 1996; Kårén and Nylund 1996;
Dahlberg et al. 1997). Thus, detecting the patterns of
fruitbody occurrence may be less useful for revealing
the spatiotemporal patterns of relationships between
ECM fungi. Only a small proportion of ECM fungi
have so far been investigated in this respect, compared
with the number of potential ECM species (5000–6000)
(Molina et al. 1992). Further research is needed to clar-
ify the correspondence of aboveground fruitbodies with
belowground ECMs using molecular and morphologi-
cal characterization techniques; these in turn will con-
tribute to a better understanding of the structure of
communities of ECM fungi in forest ecosystems.
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