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The geographical distribution of a saprotrophic hyphomycete, Sporidesmium goidanichii was studied in pine forests of 
Japan. Using the data of 282  fungal communities of pine leaf litter collected over a wide range of climatic conditions, 
the relationships among two indexes of distribution of the species (constancy and abundance) and three climatic varia- 
bles were analyzed by the multiple regression analysis. The results demonstrated that the mean annual air temperature 
and the mean annual range (the difference in monthly mean air temperatures between the coldest and warmest months 
at the study sites) were necessary variables for the prediction of the values of indexes of $. goidanichiiin pine forests of 
Japan, while the mean annual precipitation was an unimportant factor, The distribution patterns of the fungus along the 
gradients of two temperature variables were analyzed graphically. The fungus has an optimal climatic area with high 
values of indexes where is restricted to the center of the warm temperate regions of the main islands. The relationship 
between the life strategy of the fungus and its temperature-dependent distribution pattern in Japan was also discussed. 
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Geographical distribution of fungi is a particularly difficult 
subject to approach, as mycologists have repeatedly 
described (Bisby, 1933; Pirozynsky, 1968; Wicklow, 
1981). In particular, the study of distributions of sapro- 
trophic microfungi is complicated by the wide range of 
substrates on which such fungi can grow. As a result, 
one often hesitates to conclude that a species is absent 
from a given site. Further, it is often difficult to find 
minute and ephemeral fruiting structures of microfungi 
on substrates in a field study. Consequently, mapping 
methods applied to vascular plants or macrofungi (Lange, 
1974; Arnold, 1997) prove inappropriate for studying 
distributions of saprotrophic microfungi. As a result, our 
knowledge of the distributions of saprotrophic micro- 
fungi does not compare to that on macro- or parasitic 
fungi (Arnold, 1997). 

In studying effects of climate on the distributions of 
saprotrophic microfungi in pine forests of Japan, I was 
confronted these problems. After careful consideration, 
I devised the following new approach to this sort of in- 
vestigation. Fallen pine needles decaying on the ground 
were selected as a common substrate among study sites, 
and the distributions of fungal species inhabiting their 
surface were studied. This enabled us to compare the 
fungal species inhabiting the ecologically same micro- 
habitat among various climatic places, since pines are 
distributed almost throughout Japan. Moreover, climato- 
logical data were collected for the study sites and used 
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along with location in the subsequent analyses of distri- 
bution. Such an approach was especially necessary in 
Japan, s!nce geographical coordinates are inadequate for 
descriptions of microclimate in mountainous terrain. 

This paper describes the results of analyses on geo- 
graphical distribution of a saprotrophic fungus with the 
above-described approach. The relationship between 
Sporidesmium goidanichii (Rambelli) S. J. Hughes in pine 
forests of Japan and climatic conditions was investigat- 
ed by analyzing the data on fungal communities obtained 
from 282 samples of pine leaf litter collected at 161 loca- 
tions over a wide range of climatic conditions. The tar- 
get species is saprotrophic, appears to have a strong 
preference to decaying needles of Pinus densiflora Siebold 
et Zucc., and persists on the surface of decaying needles 
over a considerably long period (Tubaki and SaltS, 1969). 
This last feature was considered important for the stu- 
dies of climatic effects on the fungal distribution. 

Materials and Methods 

Distributions of Pinus species In Japan, native pines are 
widely distributed (Hayashi, 1960), and three two-leaf 
pines (P. densiflora, P. thunbergii Parlat. and P. luchuen- 
sis Mayr) are common within their own distribution 
ranges. Moreover, many introduced pines such as P. 
sylvestris L. or P. mugo Turra are widely planted in the 
Hokkaido district where indigenous pines (P. purnila 
Regel and P. densiflora) are rather restricted within nar- 
row limits. Consequently, we could collect pine leaf 
litter throughout Japan. 
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The target fungus Sporidesmium goidanichfi was select- 
ed as the target fungus in this study for the fol lowing rea- 
sons. Firstly, it is rarely missed on decaying pine need- 
les observed under the microscope, even at low mag- 
nification ( x 4 or x 10 objective lens). This is due main- 
ly to the large phragmoconidia (mostly 30-50 x 5-8 ffm) 
of the species produced percurrently from the apices of 
conidiophores and often attached to the conidiophore on 
one side or other. Secondly, no other morphologically 
similar species have yet been found on decaying pine 
needles in Japan. Thirdly, the species appears to be 
widely distributed in leaf litter of Japanese pine forests 
(Tokumasu, 1981). Lastly, it persists on decaying need- 
les for a long period (at least over one yr), so that its dis- 
tr ibution pattern should reflect the incline of climatic con- 
ditions observed from north to south in Japan. Tubaki 
and Salt6 (1969) found that this dematiaceous hypho- 
mycete inhabits the surface of decaying needles of P. 
densiflora and forms a network of dark pigmented 
hyphae, though they described it as a new Endophragmia 
species, E. alternata Tubaki and Salt6. They also sug- 
gested that the species is an ecological equivalent to 
Sympodiella acicola Kendrick and Troposporella mono- 
spora (Kendrick) M. B. Ellis found on the FI layer needles 
of P. sylvestris L. in England. The latter two  hypho- 
mycetes were recognized as the species that quickly 
invade in freshly fallen needles from litter and persist 
there over one yr (Kendrick and Burges, 1962). 
Collection of pine leaf litter A total 282 litter samples 
were collected from 161 locations throughout Japan 
from 1977 to 2001 (Appendix). The samples included 
the leaf litter of four indigenous and six introduced pine 
species. Macroclimatic conditions of the collection sites 
were extremely diverse, i.e., from subtropical to sub- 
arctic. The sites also varied in vegetation type and the 
degree of disturbance. In addition, the samples were 
collected in various seasons. 

Intact leaf litter was collected from a 10x  10 cm 
area of the forest floor where the O horizons were well 
developed. When the O horizon did not layer or was 
considerably disturbed, a mixture of needles of various 
degradation stages was collected from the ground sur- 
face. The collected samples were preserved at room 
temperature until it could be dealt wi th.  When mycologi- 
cal observation was delayed, they were quickly air-dried 
to avoid the secondary growth of dormant fungi and 
bacteria just after collection. 
Mycological observations In the laboratory ten needles 
from each of the fol lowing categories were selected from 
individual samples: freshly fallen, brown needles (indicat- 
ed as L-type needles in this text); partly decomposed, 
faded needles (as OL-type needles); and decomposed, 
blackish needles of the upper part of the F1 layer needles 
(as F11-type needles). Sets of twenty  needles were 
taken in several samples. 

A washing method (Tokumasu, 1980) was consis- 
tently adopted for the pre-treatment of all samples in 
order to record active fungi just at the time of collection. 

A set of two washed needles was placed on the sur- 
face of a weak cornmeal agar plate (Tokumasu, 1980) 

and five or ten such plates per sample were prepared. 
The plates were incubated on the laboratory bench where 
light and temperature conditions were not precisely con- 
trolled. They were kept for one mo and observed using a 
light microscope at least four times at proper intervals; 
and fungi sporulating on and around each of the needles 
were recorded. 
Factors selected The climatic elements representing the 
conditions of each collection site are fol lows: mean 
annual air temperature (AT); mean annual precipitation 
(AP); and mean annual range of monthly mean air tem- 
peratures (An) which means the difference of monthly 
mean air temperature between the coldest and the war- 
mest month in a given site. As the values of these ele- 
ments of a given sampling site, those of the meteorologi- 
cal observatory that was the closest to the sampling site 
were used (Japan Meteorological Agency, 2001 ). 
Processes of the crude data Crude data on the occur- 
rence of the species in individual samples are shown in 
Appendix, and Table 1 in summary form. 

Sporidesmium goidanichii occurred mainly on the 
OL- and Fl l- type needles (Table 1), which agreed wi th 
the results of earlier studies (Tubaki and Saito, 1969; 
Tokumasu, 1981). Although it was recorded from the L- 
type needles (Table 1), the number of samples wi th the 
occurrence record of the fungus was about 20~ and the 
number of colonized needles was only 13~ in compari- 
son with those of the OL- and Fl~-type needles. In con- 
trast, the numbers of samples and needles that the spe- 
cies was recorded were almost same between the 0L- 
and Fl l- type needles as shown in Table 1. In the final 
analysis, therefore, I excluded the data on the L type 
needles and the data of the OL- and F~-type needles 
were integrated as a single datum for a sample. 

For analyzing a relationship between the distribution 
of species and these climatic variables, 282 samples 
were classified into 11 groups based on the values of AT 
at the sites from which they were collected. The values 
of AT ranged from 4 ~ to 26 ~ , each group differing from 
the previous one by 2~ 

The values of species constancy and the species 
abundance (sense van Maanen et al., 2000) were calcu- 
lated as the indexes of distribution of the species at every 
temperature range. 

Species constancy was used as an index for 
representing the frequency of occurrence of the target 
species in the multiple unit communities (samples) taken 
from the community of a temperature range. It was cal- 
culated as fol lows: 

Species constancy (~ of the samples of 
which the species was recorded/total number of samples 
examined x 100. 

Species abundance was the proportion of the need- 
les colonized by the species to the number of needles ex- 
amined in the community of a temperature range. It was 
calculated as fol lows: 

Species abundance (~0)=number of needles colonized 
by the species/total number of needles examined x 100. 
Statistical analysis The relationship between the spe- 
cies constancy and the climate factors was studied by 
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multiple regression analysis using the standardized data 
of the index and the climatic variables for 11 temperature 
ranges. The same procedure was also applied for 
analyzing the relationship between the species abun- 
dance and the climate variables. 

The relationships between the constancy or abun- 
dance and individual climatic variables were also exa- 
mined by making scatter diagrams to observe the distri- 
bution patterns along the gradients of climatic variables. 

Analyses were performed using Microsoft Excel 
2000 software. A P value of <0 .05  was considered to 
be statistically significant. 

Results 

General distribution Sporidesmium goidanichii was 
found in the wide latitudinal range of 24~176  from 
the Iriomote Island in Okinawa Pref. to Asahikawa City in 
Hokkaido (refer to Appendix). 

The fungus was recorded from the needles of three 
Japanese pines (P. densiflora, P, thunbergii, and P. 
/uchuensis) and three introduced pines (P. banksiana 
Lamb., P. contorta Dougl., and P. mugo). 

The range of AT where the species occurred was 
5,1-23.7~ the range of AR was 10.3-28,8~ and the 
range of AP was 1,000-4,600 ram. 

These results indicated that the species is widely dis- 
tributed in the regions of various climatic conditions. 
Effects of climatic factors The result of the multiple 
regression analysis in which three explanatory variables 
were used for the prediction of the species constancy 
values was as follows: 

y---- 2.813xl  + 3.47x2+ 0.482x3-- 6.401 
r2=0.674 
y = species constancy 
x~ =mean annual air temperature 
x2=mean annual range 
x3=mean annual precipitation. 

The result of ANOVA showed that this regression 
equation was practical for the prediction of species con- 
stancy values. The result of t test for standardized par- 
tial regression coefficients showed that the AT and the 
AR were necessary for the prediction of species constan- 

cy values, while the AP was unnecessary for the predic- 
tion. The standardized partial regression coefficient of 
the AR was larger than that of AT. 

The result of the multiple regression analysis for the 
species abundance value is as follows: 

y =  3.137Xl + 3.733x2 + 0 .519x3 -  9.891 
r2=0,744 
y=species abundance 
Xl =mean annual mean air temperature 
x2=mean annual range 
x3 = mean annual precipitation. 

The result of ANOVA showed that this regression 
equation was practical for the prediction of species abun- 
dance values. The results of the t test for standardized 
partial regression coefficients showed the same results to 
the case of the species constancy. Thus, the AT and the 
AR were necessary for the prediction of the dependent 
variable of the species abundance, while the AP was un- 
necessary for the prediction. The standardized partial 
regression coefficient of the AR was also larger than that 
of AT in this case. 

These analyses indicated that the AR is a more re- 
sponsible explanatory variable than the AT, since the 
standardized partial regression coefficient of the former 
was larger than that of the latter in both cases. They 
also showed that the AP is a less important factor that 
limits the distribution of S. goidanichii in the pine forests 
of Japan. 
Relationships between two distribution indexes and AT 
and AR Figures 1 and 2 show the distribution of S. 
goidanichii along the gradient of mean annual air temper- 
ature. The distribution of the species constancy was ap- 
proximated with a quadratic equation (Fig. 1). The dis- 
tribution of the species abundance was also estimated 
with a quadratic equation (Fig. 2). The peaks of both 
regression curves occur around 14.5~ of AT, and inter- 
sect the horizontal axis at around 5~ and 23.7~ 

Figures 3 and 4 show the distribution of S. goidanichii 
along a gradient of An. The distribution of the species 
constancy was approximated with a quadratic equation 
(Fig. 3). The distribution of the species abundance was 
also estimated with a quadratic equation (Fig. 4). The 
peaks of both regression curves occur near 19.5~ of an- 

Table 1. A summary of frequencies of cocurrence of Sporidesmium goidanichfi for every pine species and degradation stage. 

No. of samples from which No. of needles from which 
No. of samples No. of samples from which the species was recorded a) the species was recordedc b,c) 

Pinus s p p .  examined the species was recorded 
L OL F11 L OL F11 

P. densiflora 75 60 14 53 53 57 310 335 
P. thunbergii 111 97 20 91 90 66 627 583 
P. luchuensis 62 17 2 12 13 2 27 33 
other species 34 7 1 5 5 1 14 10 

Total 282 181 37 161 161 126 978 961 

8) As a result of the Z 2 test, a significant difference was observed in the species constancy between the L- and OL-, and between the L- 
and Fll- layer needles, while no diffrence was observed between the OL- and Fll- layer needles. 

b) AS a result of the Z 2 test, a significant difference was observed in the species abundance between the L- and OL-, and between the L- 
and FI~- layer needles, while no diffrence was observed between the OL- and F~ 1- layer needles. 

c) The total number of needles examined is 3,130. 
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1. Scatter diagram of species constancy over mean annual air temperatures. Figures show the sample size in each temperature 
range (the number of samples used for the calculation of averages). The equation presents the approximate curve. 
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Correlation between climatic factors selected The cor- 
relat ions be tween c l imat ic  e lements of the col lect ion 
sites of  282 samples were  per formed by regression aria- 

lyses, and a strong negat ive correlat ion was  recognized 
be tween the AT and the AR ( r2=0 .8812) .  There was  a 
weak  negat ive correlat ion be tween  the AT and the AP 
( r2=0 .4686) ,  and a similar correlat ion be tween  the AR 
and the AP ( r2~0 .4075) .  
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3. Scatter diagram of species constancy over mean annual ranges. Figures show the sample size in each temperature range (the 
number of samples used for the calculation of averages). The equation presents the approximate curve. 

100 

O 

"ID 
C 

. Q  
CO 
u~ 

"6 

80 

60 

40 

20 

y = -0.5883x 2 + 22.939x - 174.91 

R 2 = 0.8892 

/ 
i 

10 12 14 

i r I I I 

4 6 8 16 18 20 

Mean annual range(~ 

Fig. 4. Scatter diagram of species abundance over mean annual ranges. 
The equation presents the approximate curve. 

\ 

| I 

22 24 30 26 28 

Bars show the values of standard deviation of averages. 

Discussion 

Climatic influences The results of the multiple regres- 
sion analyses demonstrated that two temperature varia- 
bles, mean annual air temperature and mean annual 
range would restrict the geographical distribution of S. 
goidanichii in the pine forests of Japan, while the 

influence of the precipitation on the distribution is negligi- 
ble. The humid climate of Japan that is brought by high 
precipitation occurring in all seasons should reduce the 
importance of precipitation as a limiting factor. In two 
effective temperature variables, the AR was to be a more 
important explanatory variable than the AT for the predic- 
tion of the dependent variables. The influence of the AR 
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on the distribution of the target species appears to be 
qualitatively different from that of AT, thought there is a 
strong negative correlation between these two  factors. 
In order to estimate the concrete effects of individual fac- 
tors on the distribution of the fungus, it wil l  be necessary 
to study the phenology of the species in field and the 
physiological characters of it in culture. 

The regression curves for the species constancy and 
the species abundance along the AT gradient and those 
along the AR gradient described a parabola (Figs. 1-4). 
It is apparent that the temperature ranges wi th large con- 
stancy and abundance values were almost same in both 
paired curves. This suggests that S. goidanichii has a 
climatic optimal region where the fungus occurs wi th 
high constancy and great abundance. 

The optimal temperature range of the fungus is 
found in areas with a warm temperate climate such as 
the southwest regions of Honshu, Shikoku and Kyusyu. 
The distribution area of P, thunbergii and P, densiflora on 
whose needles the fungus occurred abundantly over- 
lapped with this optimal zone for the fungus. In con- 
trast, the fungus was not recorded the regions for which 
the values of AT and AR were comparatively extreme. 
For example, the fungus occurred sporadically on the 
needles of P. luchuensis which is restricted to the Nansei 
Islands (Table 1, Appendix). The Islands are character- 
ized by an oceanic subtropical climate with a small annual 
range and high annual mean air temperature. The spe- 
cies was also recorded sporadically from the needles of 
introduced pines planted in the Hokkaido where the cli- 
mate characteristics are exactly opposite to those of the 
Nansei Islands. These results suggest that the tempera- 
ture factors are more important than the species of pines 
whose needles serve as substrate for the fungus. 

These results agree in part wi th those obtained by 
van Maanen et al. (2000) in France who succeeded in 
demonstrating the effect of a regional climate gradient on 
the abundance of three fungi colonizing fallen pine need- 
les by examining their distributions along two altitudinal 
transects. They noted that rainfall or/and temperature 
might be responsible for the distribution of the fungi they 
observed. The results of the present study suggested 
that among the major climate elements, temperature fac- 
tors alone are responsible for the observed distribution of 
S. goidanichii. Probably, these different evaluations 
on the effect of precipitation on the distribution of 
coniferous leaf litter fungi result from macroclimatic 
differences between Japan and France. 

The life strategy of S. goidanichii could be responsi- 
ble for the observed high correlations of the species con- 
stancy and the species abundance with the two tempera- 
ture variables of study sites. The species inhabits the 
surface of decaying needles in the L and F1 layers of the O 
horizon and forms a dark reticulate hyphal network 
(Tubaki and Salt6 1969). Mitchell and Millar (1978) sug- 
gested that major source for the network former was 
nutrients in solution held by capillarity action between 
needles. Moreover, daily and seasonal f luctuations of 
temperature appear to be intense in this habitat, since the 
space in the surface layers of the O horizon is connected 

directly wi th the air outside. Thus, this environment 
may be very severe for common saprotrophic soil fungi, 
physically and nutrit ionally. However, S. goidanichii 
appears well-adapted to this extreme habitat. It is 
proper to classify the species as a stress-tolerant fungus 
that is characteristic of extreme environments (Dix and 
Webster, 1995). The species appeared to be also a 
slow-growing fungus because its colony diameters after 
one-month incubation at room temperature reached only 
about 10 mm on both 2~ malt extract agar and Miura 
agar. This property may ensure e long persistence of the 
fungus in this habitat. At the same time, this perennial 
attribute may contribute to the close correlation between 
the distribution pattern of this species and annual mean 
climatic conditions of the study sites. 

The regression curves (Figs. 1,3) imply that the area 
with a climatically optimum area for the species is rela- 
t ively small in Japan, and this might be a result of inter- 
specific competition. Thus, there may be ecologically 
equivalents of S. goidanichii in both sides of its optimal 
range. Possible candidates would be stress-tolerant 
fungi that have distribution ranges partly overlapping that 
of S. goidanichii, as well as different optimum tempera- 
ture ranges. 

It appears to be important to study the distribution 
patterns of the ecological equivalents for determining 
concrete factors limiting the distribution of a target fun- 
gus. For example, van Maanen and Gourbiere (1997) 
studied the host and geographical distribution of two 
coniferous leaf litter fungi, Verticicladium trifidum Preuss 
(anamorph of Desmazierella acicola Lib.) and Thysano- 
phora penicillioides (Roum.) Kendrick in the Western 
Europe and the countries ringing the Mediterranean Sea. 
They could compare the distributions of two species 
directly since both species are ecological equivalents, 
and find some pine litter in which both species coexisted. 
Based on this finding, they noted that inter-specific inter- 
action is important as well as other factors of climate and 
coniferous species as major factors determining the dis- 
tr ibution patterns of both species. 
Distribution in other climatic regions The latitudinal dis- 
tributional range of this species observed in the pine fore- 
sts of Japan cannot be always applicable to other geo- 
graphic regions. The species has been recorded repeat- 
edly in the British Isles from substrates other than pine 
needles at sites in latitudes north of Hokkaido (Ellis, 
1976; Hughes, 1979; Kirk, 1982; Kirk and Spooner, 
1984). It was also recorded in the tropics, on pine need- 
les in Cuba (Casta~eda et al., 1988). These records sug- 
gest that the actual latitudinal distribution range of the 
species is wider than that demonstrated in the present 
study. 

It is remarkable that the kinds of major substrates 
from which this species were recorded are quite different 
between Japan and the Western countries. In Japan, 
the species occurs abundantly on pine needles decaying 
on the ground in the area where the annual mean air tem- 
perature is suitable for the species as proven by this 
study. In the British Isles, records of this species from 
decaying fallen pine needles are few, although there are 
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many studies on fungal successions associated wi th  the 
decay of fallen pine needles fo l lowing that of Kendrick 
and Burgess (1962). In contrast, this species has been 
reported frequent ly on the leave of broad-leaved trees in 
Great Britain, and Kirk (1982) noted that it appears to 
spread on a range of decaying leaf and stem types, In 
Japan, Yokoyama and Ito (1 977) also noted "this fungus 
(S. goidanichii) is not uncommon in the evergreen oak 
forests of Japan". Judging from published years of 
these papers, the species ident i f icat ion was performed 
based on its morphology as the present study. How- 
ever, its wider geographical distr ibution and records on 
various substrates leads one to suspect that  the species 
should be divide into many geographical ly isolated popu- 
lations or sibling species. Further analysis and consider- 
at ion based on molecular data wil l  be required to explain 
this regional differences in substrate preference. 
Evaluation of study method In this study, a new ap- 
proach was implemented for studying a large-scale distri- 
bution of saprotrophic microfungi. That is a semi-quan- 
t i tat ive study of the distr ibution of a single fungus on a 
l imited substrate wi th  a wide geographical range. As a 
first invest igat ion using this approach, the distr ibution of 
S. goidanichfi was examined on fallen pine needles of 
pine forests in Japan. Accumulated data on the propor- 
t ion of needles colonized by this fungus at the individual 
sites enabled us to calculate the values of the species 
constancy and the species abundance at each range of 
cl imatic variable divided at regular intervals and to ana- 
lyze the correlat ion between the distr ibution of this 
saprotrophic fungus and cl imate factors by using multi- 
variable analyses. The data were also analyzed graphi- 
cally for understanding the distr ibution pattern of this 
fungus in Japan. Through these analyses, I could con- 
cretely select the cl imatic factors inf luencing on the dis- 
tr ibut ion of the fungus, and understand the existence of 
cl imatical ly opt imal area of the species and its range in 
Japan. Therefore, I consider that the present approach 
may be useful for the studies on the distr ibution of other 
saprotrophic microfungi. 
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