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Abstract

The biodiversity and species-area relationship of basidiomycetous macrofungi
recorded on seven islands along the southwestern coast of the Kii-Peninsula were in-
vestigated from the viewpoint of the island biogeography. Some fungi such as
Marasmiellus candidus, Crepidotus wmollis, Russula castanopsidis, Microporus
[flabelliformis, Polyporus arcularius, Phellinus gilvus, and Auricularia polytricha were
observed on four or more islands have in common. It should be noted that most of
them are wood inhabiting saprophytes, except R. castanopsidis, which is an
ectomycorrhiza former. The number of observed species on a given island was
closely fitted to the natural vegetation area of the island by a conventional power
function S = cA? where S is the number of species, A is the area, and ¢ and z are con-
stants. A deduced z value of 0.350 was relatively small in comparing with that of
vascular plants but larger than that of animals that were assessed on other islands
having similar geographical conditions with this study. There was no negative cor-
relation between distance from the land community and the number of species.
High similarities of the species composition between islands represented by Ochiai's
index were exhibited between islands with similar sizes of area, islands locate close
to the same land community, or islands distribute in clump.

of species on a given area, become asymptotic for

9-11}

Introduction large area To express this curve, Arrhenius'®

proposed a power function model with the formula

Fungal biodiversity, due to their functions as a
decomposer of organic materials and as mycor-
rhiza forming partners associating plants in ter-
restrial environments, is one of the most impor-
tant factors in evaluating and preserving eco-
systems'®. There have been many reports on the
structure of fungal biodiversity in several land

communities™.

The land community, however, is
usually engaged in close interactions with the ad-
jacent community. In contrast, an island is visibly
discrete object and its resident populations can be
easily identified thereby®.

On the other hand, about species richness, it is

well known that the species-area curves, number

S=cA*, or linearized one logS=logc+zlogA in
logarithmic transformation, where S is the number
of observed species, A is the area of the island, z

1219 considered biologi-

and c are constant. Preston
cal meaning and the z value of this formula and
theoretically deduced that the logspecies/logarea
curves have a slope z of 0.27 with the range from
0.17 to 0.33 by errors in sampling and other fac-
tors. The constant ¢ varies widely among taxa
and according to the unit of area measurement.
MacArthur and Wilson*'¥ focused on Preston's in-
sight and expounded this formula by their equilib-
rium model in the theory of island biogeography.

They assumed that a large island would provide
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higher immigration rates due to its large target
size and lower extinction rates due to large
amount of resources and large niche divergence
when compared with a small island. The equilib-
rium model determining biodiversity, species rich-
ness, combines the parameters of falling immi-
gration rate curves and rising extinction rate
curves with an increase in the number of resident
species. After the proposal of MacArthur and
Wilson's equilibrium model, there have been many
theoretical approaches to test this model'™™'” and
experimental approaches by monitoring the
recolonization of arthropod fauna on small man-

%1% On the other hand, Connor and

grove islands
McCoy® reassessed the appropriateness of the
power function on the species-area relationship
comparing with alternative function models in one
hundred cases of many organisms on geographi-
cally different several archipelagos and reconfirm
the appropriateness of the power function.

The monitoring fungal species turnover, immi-
gration and extinction was also carried out under
a laboratory insular habitat by using cellophane
squares of various sizes® or an apple leaf??. These
excellent experimental approaches by using insu-
lar habitat, on small-scale laboratory conditions
allow easy monitoring of species turnover for test-

ing the equilibrium model as reviewed by Wild-

man®. These conditions, however, cannot provide
the actual island environment, which is much
larger and usually has a large niche diversity vari-
able among islands. As previously pointed out by
Simberloff?, more field studies are necessary to
appreciate the nature and structure of biodiversity
from the viewpoint of island biogeography. In the
present study, the species diversity of basidio-
mycetous macrofungi recorded on seven islands
along the southwest coast of the Kii-Peninsula was
investigated by using the power function with
comparison of alternative model functions from

the viewpoint of island biogeography.

Materials and Methods

Study area

This study was performed on seven islands
along the southwest coast of the Kii-Peninsula,
Japan, four islands of which are distributed in the
Tanabe Bay area, and three islands in the
Shionomisaki area (Fig. 1). Area and some charac-
teristics of each island are summarized in Table 1.
Komarujima is the smallest having an total area of
548 m® followed in rising order by Maruyama,
Hatakejima, Motoshima, Myogajima, Tsuyajima,

and Kii-Oshima having 9.92km?, respectively.

Table 1. Area and some characteristics of observed seven islands along the southwestern coast of the Kii-

Peninsula.
Contribution (%) in total area Distance Distance (m)

Total A ) 3 (m) from the Covering

Island otal JMrea o ks & Natura] Agricultural Residence, from nearest of
(m) sand shores vegetation & buildings,  the land larger tree plants
forestry field & others community island

Komarujima 548 79 21 0 0 1500 150 poor
Maruyama 2030 75 23 0 2 150 L medium
Hatakejima 26000 40 59 0 1 1500 L medium
Motoshima 35900 40 52 0 8 500 L partly dense
Myogajima 46600 33 55 0 12 750 250 dense
Tsuyajima 273000 32 49 19 0 2000 250 dense
Kii-Oshima 9920000 5 49 32 14 1200 L dense

a): Distance from the land community is smaller than the distance from any larger island.
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Fig. 1. Map showing the location of the observed islands, in the Tanabe Bay area (left) and the Shionomisaki

area (right), along the southwestern coast of the Kii-Peninsula. Inset on the upper right of the figure rep-

resents the Kii-Peninsula.

Abbreviations of islands: KM, Komarujima; MY, Maruyama; HT, Hatakejima; MT, Motoshima; MG,

Myogaijima; TY, Tsuyajima; KO, Kii-Oshima.

Contribution of rocks and sand shores, natural
vegetation, and artificially disturbed area in total
area were variable among islands. In Tanabe Bay,
Maruyama is connected by a land bridge made of
rocks at low tide but is 150 m apart from the land
community. Motoshima is connected by breakwa-
ter but is 500 m apart from the land community.
In the Shionomisaki area, Myogajima and Kii-
Oshima have been bridged with Shionomisaki
since 1999.

Shionomisaki community but close to Kii-Oshima,

Tsuyajima is 2000m apart from

at a distance of 250 m. These seven islands are
‘land bridge islands’, which were connected to the
land community of the Japanese archipelago and
continental Asia until the end of the glacial epoch.
A mean annual temperature is about 17°C in the
both areas and a mean annual precipitation is
about 1700 mm in the Tanabe Bay area and 2600
mm in the Shionomisaki area, respectively. The
warm temperate evergreen broad-leaved forest
dominates in these areas. Castanopsis cuspidata

Schottky var. sieboldii Nakai, Quercus philly-

raeoides A. Gray, Myrica rubra Sieb. & Zucc., and
Daphniphyllum macropodum Miq. are dominant
trees on most island. Tree plant covering was
somewhat depend on the sizes of island as shown
in Table 1. The mature vegetation such as dense
Castanopsis stands are developed on any islands in
the Shionomisaki area, while they are relatively
poor on smaller islands in the Tanabe Bay area.
There have been documented on seed plants, 771
species belonging to 114 families on Kii-Oshima®
and 107 species belonging to 53 families on Moto-

shima®

. Kii-Oshima has a population of over 1600,
and several cultivated plants have been histori-
cally introduced. Tsuyajima was used for inten-
sive planting of some kinds of Parmaceae plants
during 1950s, but has been follow since 1960s.
Hatakejima was used for cultivation of Morus alba
L. until the 1950s. Recently, nearly ten percent of
the natural vegetation on Myogajima has cut out
to build a bridge, and ruderal plants grew below
the bridge at present. While on the other islands,

human activities have been very low.
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Survey and data analysis

Observations of basidiomycetous macrofungi
were intensively carried out from April to No-
vember of 1998-2002 on Kii-Oshima®"*, and 2001-
2003 on the other six islands®. Field observation
was mostly performed in the natural vegetation
area on any islands, but also in the plantation of
the hinoki cypress, Chamaecyparis obtusa (Sieb. et
Zucc.) Endl, on Kii-Oshima. Identification of fun-
gal species was made by referring to color illustra-

30,31)

tions Some of the Polyporaceae species were
identified by Dr. T. Hattori, Forestry Products
Research Institute, Tsukuba, and some of the other
taxa by Dr. T. Fukiharu, Natural History Museum
and Institute, Chiba. Most of the collected speci-
mens are available at the herbarium of Kii-Oshima
Experimental Station, Field Research and Edu-
cation Center of Kyoto University.

To assess the appropriateness of the conven-
tional power function model for explaining spe-
cies-area relationship, ‘fitting to the regression
line’ were compared among the following func-
tion models: untransformed (S=2zA +c¢), logarith-
mic (S=zlogA +c), exponential (LogS=2zA +logc),
and power function (LogS =z logA +logc), accord-
ing to Connor and McCoy®. For calculation, area
of the natural vegetation was used as an area of
each island instead of its total area, because most
fungi were recorded in the natural vegetation and
the contributions of natural vegetation area to
total area was varied among islands as shown in
Table 1. ‘Fitting to the regression line’ was evalu-
ated by correlation coefficient (r) and ratio of mean
square (F) of the explained variation which due to
linear regression to that of the unexplained varia-
tion which is error around regression line accord-
ing to Sokal and Rohlf*.

The similarity of species composition between
any two island communities was represented by
Ochiai's index (OI)® according to the following for-
mula; OI=C/vavb, where a and b are the numbers

of observed species on the two islands, respec-

tively, C is the number of species they have in
common. This index gives values between O,
meaning no similarity, and 1, meaning complete
similarity, as the same those by S¢rensen® or
Jaccard®. While this index is effective to compen-
sate the evaluations in comparison with other indi-
ces, especially when the difference in the number
of species between islands is relatively large®®. To
compare the indices nonparametric analysis,
Mann-Whitney U-test, was performed according to

Sokal and Rohlf*,

Results

Consequently, in total, 194 species of basidio-
mycetous macrofungi belonging to 35 families
Most
fungi were recorded in the natural vegetation
e g,
chamaecyparidus (Hongo) Hongo and Antrodiella

have been recorded on the seven islands.

excepting a few species, Marasmiellus
gypsea (Yasuda) Hattori & Ryv. those were ob-
served in the plantation of hinoki cypress on Kii-
Oshima. Table 2 shows the number of species
observed on the seven islands, not counted the two
species mentioned above, with major species re-
corded on four or more islands in common.
Marasmiellus candidus, Crepidotus mollis, Micro-
porus flabelliformis, Polyporus arcularius, and Phel-
linus gilvus were commonly observed on six or all
of the islands. Additionally, Russula castanopsidis
and Auricularia polytricha were observed on five
These

mycorrhiza forming R. castanopsidis, are wood

islands. fungi, excepting the ecto-
inhabiting saprophytes.

The number of observed species on a given is-
land was closely fitted to the natural vegetation
area of an island by a conventional power func-
tion, S=cA? with fitted constants ¢ and z of 0.926
and 0.350, respectively (Fig. 2, left). Any models,
excepting exponential function (r=0.593, F=2.72,
P>0.25), provided significant positive correlation

and F value (P<0.01), i. e, untransformed (r=0.935,
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Table 2. Basidiomycetous macrofungi observed on four or more islands among seven islands have in com-
mon and total number of species on each island along the southwestern coast of the Kii-Peninsula.

T 4 Soeci Island?
axon and species KM MY HT MT MG TY KO

TRICHOLOMATACEAE

Marasmiellus candidus (Bolt.) Sing. + + + + + +
AGARICACEA

Agaricus praeclaresquamosus Freeman + +

Leucocoprinus fragilissimus (Rav.) Pat. + +
CREPIDOTACEAE

Crepidotus mollis (Schaeff.: Fr.) Kummer + + + + + + +
RUSSULACEAE

Russula castanopsidis Hongo + + + + +
STEREACEAE

Xyloborus spectabilis (Klotz.) Boidin. + + + +
POLYPORACEAE

Microporus flabelliformis (Fr.) Kuntze + b + +

Perenniporia tephropora (Mont.) Ryv. + +

Polyporus arcularius Batsch.: Fr. + + + + +

Pycnoporus coccineus (Fr.) Bond. & Sing. + + +
HYMENOCHAETACEAE

Phellinus gilvus (Schw.: Fr.) Pat. + + + + + +
TREMELLACEAE

Tremella mesenterica Retz.: Fr. + + + +
AURICULARIACEAE

Auwricularia polytricha (Mont.) Sacc. + + + + +
Number of other species 1 3 32 23 27 40 134
Total number of species 3 9 41 36 39 51 147
Total number of families 3 5 14 15 16 21 33

a): Abbreviations of islands are the same as those described in Fig. 1. Islands from left to right are arranged in rising

order of sizes of area.
+, observed; no + sign, not observed.

F=34.9) and logarithmic (r=0.936, F=35.1). The
power function provided the highest values (r=
0.969, P<0.01; F=77.0, P<0.001) among the four
functions. In the power function, using the size of
the natural vegetation area gave slightly better fit-
ting and smaller z value than those calculated by
using the total area of each island (r=0.954, F=
50.1, z=0.391). On the other hand, there was no
negative correlation between the distance from
the land community and the number of species
(Fig. 2, right; r=0.263, P> 0.05).

Table 3 shows the similarity of species com-
position between islands by using Ochiai's index.

Overall, relatively high similarities were exhibited

on the two islands having similar sizes of area, and
a significant correlation was detected between ra-
tios of log areas of smaller to larger and the simi-
larities of species composition (the arcsine
transformation, sin'v , was performed on both
variables; r=0.654, P<0.01). While it is noted that
even each size of area were largely different by
more than ten folds, the similarities between MY
and MT, MG and KO, and TY and KO, exhibited
significantly higher than those in the other pairs

(U=51, P<0.05).
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Fig. 2. The relationship of area of natural vegetation to species number (left) and distance to species number
{right) of basidiomycetous macrofungi recorded on seven islands along the southwestern coast of the Kii-
Peninsula. Abbreviations of islands are the same as those described in Fig. 1.

Table 3. Similarity of the species composition between any two islands.

Island?®
Island

KM MY HT MT MG TY KO
KM 0.385 0.217 0.289 0.183 0.160 0.095

(2 (3) 3) ) (2) (2)
MY 0.214 0.389 0.316 0.231 0.220

(4) 7 ®) (5) (8)
HT 0.373 0.304 0.222 0.343
(14) (12) (10) (26)
0.395 0.300 0.302

MT (15) (13) (22)
0.323 0.404

MG (17) (31)
0.423

TY (37)

Similarity of the species composition was represented by Ochiai's index, OI = C /YaVvb, where a and b are the num-
ber of species on respective islands, and C is the number of species they were observed to have in common.
a): Abbreviations of islands are the same as those described in Fig. 1. Islands from left to right are arranged in rising

order of sizes of area.

b): Numerals in parentheses the number of species on respective islands to have in common.

Discussion

A large island could develop mature vegeta-
tion which supply host plants for variable types of
ectomycorrhizal fungi and substrates for sapro-
phytic fungi, additionally, the dense tree stands
protect wind blowing into the forest and keep soil
water content. In contrast, small islands are often
exposed to direct oceanic wind and high tide and
these disturbances inhibit the establishment of

mature tree stands and sufficient niche for fungi.

While the fungi listed in Table 2 are regarded as
successful colonizers of the study area by their
commonness even on small islands, most of them
were wood-inhabiting saprophytes characterized
by the formation of many small basidiocarps over
the surface of the substrate, which was usually a
dead log, branch, or twig, but not leaf-litter.

The total number of species recorded on each
island shown in Table 2 seems to be a lower estima-
tion than the actual number of species growing
there especially on the large islands. However, it is

obvious that islands with larger area are capable
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of carrying larger numbers of species belonging to
a wider variety of families. The highest correla-
tion coefficient and F value obtained from the
power function in this study suggest that the
power function is better or the best model for ex-
plaining the species-area relationship as demon-
strated by Connor and McCoy® from 100 cases of
variable organisms on several archipelagos. Wild-

D also deduced that the power function was

man
the best and only one appropriate model for fitting
to species-area relationship of hypho-mycetous
fungi on experimental insular habitat by using the
cellophane squares cut into 4, 16, 64, 256, and 1024
mm?, and obtained the fitted constant z of 0.363.
The present study showed that the power function
is effective to evaluate and predict the species di-
versity of basidiomycetous macrofungi on actual
islands. However, insofar as we know, there is no
comparable data on z value of basidiomycetous
fungi on actual islands assessed in other regions.
While it would be worth to compare the presented
z value with those of other organisms observed on
small islands including less than 10km?® and dis-
tributed near from land (continental) community
as similar geographical conditions in the present
study by using data sets reassessed by Connor and
McCoy®”.
smaller comparing with those of vascular plants
on the Channel Is., California (0.416)*” or (0.445)%,
and islands in Gulf of Finland (0.482)*, while, it
was larger comparing with those of animals such
as birds on the Orkney Is. (0.311)*® and the
Channel Is. (0.209)%, reptiles on New Guinea Cays

The present z value was relatively

(0.140)*", arboreal arthropods on mangrove islands
(0.221)*, orthoptera (0.269) and ants (0.188) on the
Tsucan archipelago®.

Although the land fungal community of the
southwestern Kii-Peninsula is not known in detail,
the adjacent land community is a major source
pool for immigration and establishment of the is-
land community. So, it would be expected that the
number of species on an island remote from the

land community is smaller than that on an island

closer to the land community. While the present
data provided no proof of a negative correlation
between distance from the land community and
the number of species, suggesting that distance ef-
fect on immigration rate would be small, and
many fungi have enough ability of spore dispersal
insofar within 2km, as reviewed by Burnett*.
Islands having similar sizes carried similar species
composition on both suggesting not only size de-
pendent species counts as above but also size de-
pendent species composition. In contrast, it is
noted that high similarities of the species composi-
tion were exhibited between some pairs of islands,
even of which area was largely different each
other. The high similarity shown between Moto-
shima and Maruyama seems due to their location
of which close to the same land community. The
high similarities shown between Myogajima and
Kii-Oshima, and Tsuyajima and Kii-Oshima would
be partly attributable to their clumped distribu-
tion. Although Myogajima and Tuyajima are re-
mote from the land community, especially Tusya-
jima which is 2km apart, they are close to the
large island Kii-Oshima that has a large fungal di-
versity. Although many fungi would have a great
ability of spore dispersal as mentioned, species
turnover with continuous immigrations of some
kinds of fungi from the close large community of
Kii-Oshima seem to affect species composition
among closely adjacent islands, an effect so called
‘stepping stone’.

The present study suggests that assessing is-
land communities from the viewpoints of island
biogeography is effective to elucidate the struc-
ture of fungal species diversity in comparison with
the other organisms. To appreciate the mode of
colonization comparing among taxa of basidiomy-
cetous fungi, further analysis of species composi-
tion will be needed.
Acknowledgments  The authors are grateful to
Dr. T. Hattori, Forestry Products Research Insti-
tute, Tsukuba, and Dr. T. Fukiharu, Natural Histo-

NI | -El ectronic Library Service



Japanese Soci ety of Mushroom Sci ence and Bi ot echnol ogy

130

HAR & O IF4EE Vol. 13 No. 3 (2009)

ry Museum and Institute, Chiba, for help of species
identification. Additionally, special thanks to Dr.
S. Umemoto and Dr. S. Kubota, Field Research and
Education Center of Kyoto University, for their
help on island survey. This study was partly sup-

ported by a grant from Kyoto University.

MmX#E

REEREmEREDO 7 2DE4IC
BIIZREBFRBOSHEES LU
B - miEe

REIRFR - HHTE

Plin- - ANE=cd =X
F631-8505 ZXEihHAT 3327-204

foREEmMuEERICAmT 2 7T o0 TRk L
fo RIS TRREH O 2 ki & MR — IRk Ic 2 0 T,
EOEYHIBENER S, S vasy 5457,
FebSF0, BUNNNY, RVYRET, 9F 9577,
TIAEYHY, TIX+7 5755 E0EBR 4L ED
ExciHEBL BRI ALEREERT 25 L
WAV EBRNT, INO6DIEEAEDOFENRMIBIE
Th-okt3FEHsNW . RETOTLBERIED
BAMA AR LT, BRNSETEL, S=cA’, &
LMWMELI. CTT, SRIEE, ARER cLzlid
EHTHB. Boni z{E, 03503, RHFEEEUD
HIFRRISEM A & o TH -~ S o EE RE O ©
NEWEL TN, Bozhid b RED -1k
Tk & BEEE SR & OFRRE L ORICE OB S S h
W ote, BEOEETRLCBHOBHEUEE,
HEEESUE - L BRTE L, & oicBoERE,
5UTHEEEIC B B BRI, H 5 WVIiTEL TOMT 5 B

TEh -1z,

References

1) Frankland, J. C.: The fungal community, Its organiza-
tion and role in the ecosystem. (ed. by Wicklow, D. T.
and Carroll, G. C.), Marcel Dekker, Inc, New York, pp.

403-426 (1981)

2) Trappe, J. M. and Luoma, D L.: The fungal commu-
nity, Its organization and role in the ecosystem, 2nd ed.
(ed. by Carroll, G.C. and Wicklow, D. T.), Marcel Dekker,
Inc., New York, pp.17-27 (1992)

3) Leake, J. R, Donnelly, D. P, and Boddy, L.
Mycorrhizal ecology; Ecological studies, Vol. 157. (ed.
By van der Heiden, M. G. A. and Sanders I R.),
Springer, Berlin, pp.345-372 (2002)

4)  Arnolds, E.: Ecology and coenology of macrofungi in
glasslands and moist heathlands in Drenthe, the
Netherlands, Part I, Introduction and synecology. J.
Cramer, Vaduz, p.407 (1981)

5) States, J. S. and Gaud, W. S.: Mycologia, 89, 712-721
(1997)

6) Persiani, A. M., Maggi, O., Casado, M. A., and Pineda,
F. D.: Mycologia, 90, 206-214 (1998)

7) Kang, S-M. and Morrell, J. J.: Mycologia, 92, 609-615
(2000)

8) MacArthur, R. H. and Wilson, E. O.: The theory of is-
land biogeography. Princeton Univ. Press, Princeton,
New Jersey, p.203 (1967)

9) Jaccard, P.: New Phytol, 11, 37-50 (1912)

10) Arrhenius, O.: J. Ecol,, 19, 95-99 (1921)

11) Gleason, H. A.: Ecology, 6, 66-74 (1925)

12) Preston, F. W.: Ecology, 43, 185-215 (1962)

13) Preston, F. W.: Ecology, 43, 410-432 (1962)

14) MacArthur, R. H. and Wilson, E. O.: Evolution, 17,
373-387 (1963)

15) Simberloff, D. S.: Ecology, 50, 296-314 (1969)

16) Gilpin, M. E. and Diamond, J. M.: Proc. Natl. Acad. Sci.
USA, 78, 392-396 (1981)

17) Boecklen, W. J., and Simberloff, D. S.: Dynamics of
extinction. (ed. by Elliott, D. K.), John Wiley & Sons,
New York, pp.247-276 (1986)

18) Simberloff, D. S. and Wilson, E. O.: Ecology, 50, 278-
296 (1969)

19) Simberloff, D. S. and Wilson, E. O.: Ecology, 51, 934-
937 (1970)

20) Connor, E. F. and McCoy, E. D.. Am. Nat,, 113, 791-
833 (1979)

21) Wildman, H. G.: Trans. British Mycol. Soc., 88, 291-
297 (1987)

22) Andrews, J. H,, Kinkel, L. L., Berbee, F. M,, and
Nordheim, E. V.: Microbiol. Ecol,, 14, 277-290 (1987)
23) Wildman, H. G.: The fungal community, Its organiza-
tion and role in the ecosystem, 2nd ed., (ed. by Carroll,
G. C. and Wicklow, D. T.), Marcel Dekker, Inc, New
York, pp.885-900 (1992)

24) Simberloff, D. S.: Science, 194, 572-578 (1976)

NI | -El ectronic Library Service



Japanese Soci ety of Mushroom Sci ence and Bi ot echnol ogy

131

25) Enomoto, T. and Kariyama, S.: Flora of Kii-Oshima
Island 1999 (ed. by Subtropical Plant Institute, Kyoto
Univ.), Subtropical Plant Institute, Kyoto Univ,
Kushimoto, pp.11-71 (2000) (in Japanese)

26) Yamashiro, N. Kuroshio, 21, 42-43 (2002) (in
Japanese)

27) Tanesaka, E.: Flora of Kii-Oshima Island 1999. (ed. by
Subtropical Plant Institute, Kyoto Univ.), Subtropical
Plant Institute, Kyoto Univ. Kushimoto, pp.73-83
(2000) (in Japanese).

28) Tanesaka, E.. Memoirs Fac. Agric. Kinki Univ.,, 35,
111-113 (2002) (in Japanese).

29) Tanesaka, E.. Nanki Seibutsu, 44, 66-68 (2002) (in
Japanese)

30) Imazeki, R. and Hongo, T.. Colored illustration of
mushrooms of Japan, Vol. I, Hoikusha Publ. Co., Ltd.,
Osaka, p.325 (1987) (in Japanese)

31) Imazeki, R. and Hongo,T.: Colored illustration of
mushrooms of Japan, Vol. II, Hoikusha Publ. Co., Ltd.,
Osaka, p.315 (1989) (in Japanese)

32) Sokal, R. R. and Rohlf, F. J.: Biometry: the principles
and practice of statistics in biological research, 2nd ed.,
WH Freeman and Company, New York, p.859 (1981)

33) Ochiai, A.: Bull. Jap. Soc. Scient. Fish,, 22, 526-530
(1957)

34) S¢rensen, T. A: Biol. Skz., K. deske Vidensk Selsk,
5, 1-34 (1948)

35) Jaccard, P.: Voisines Bul. Soc. Vaud. Sci. Nat., 37, 241-
272 (1901)

36) Natsuhara Y.: Methods of the field survey of butter-
flies. (ed. by Japanese Soc. Environmental Animals and
Insects), Bunkyo Shuppan, Osaka, pp.59-91 (1998) (in
Japanese)

37) Johnson, M. P, Mason, L. G, and Raven, P. H.: Am.
Nat., 102, 297-306 (1968)

38) Power, D. M.: Evolution, 26, 451-463 (1972)

39) Luther, H.: Acta. Bot. Fenn,, 62, 7-15 (1961)

40) Simberloff, D. S.: Evolution, 24, 23-47, (1970)

41) Heatwole, H: Atoll. Res. Bull,, 180, 1-39 (1975)

42) Simberloff, D. S.: Ecology, 57, 629-648 (1976)

43) Baroni-Urbani, C.. Rev. Suisse Zool., 78, 1037-1067
(1971)

44) Burnett, J. H.: Fundamentals of mycology, 2nd ed.,
Edward Arnold, London, pp. 192-237 (1976)

(200545 A 27 O=H)

NI | -El ectronic Library Service



