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Fungal succession on senescent leaves of Castanopsis diversifolia in Doi SuthepPui National Park, Thailand
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Senescent leaves of Castanopsis diversifolia were collected and subjected to different treatments to follow fungal
colonization and succession. Sixty sterilized leaves were hung 4 metres above the ground under the C. diversifolia
canopy. Sixty sterilized leaves and 60 unsterilised leaves were laid on the forest floor. Ten leaves were sterilized and
incubated in plastic containers as a control for sterility. The study yielded 112 taxa (19 ascomycetes, 4 basidiomycetes,
1 myxomycete and 88 anamorphic taxa) during the 4-month incubation period. The sterile hanging leaves harboured the
highest diversity with 65 taxa, while unsterile leaves on the forest floor yielded 55 taxa and sterile leaves on the forest
floor yielded 53 taxa. Highest fungal diversity was reached at different times for each treatment. Fungal distribution
patterns, origins and functional roles in leaf decomposition are discussed.
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Introduction
Leaf litter is an important component of
all ecosystems, being a major source of soil
organic matter (Reed et al., 2007). Leaf litter
provides a protective layer against microhabitat
fluctuations, erosion and soil compaction and
creates a microclimate that is favorable for
fungal fruiting-body production. Removal of
litter affects fungal growth and diversity (Eaton
et al., 2004; Sayer, 2005).
Fungal succession is the sequential
occupation of the same site by thalli either of
different fungi or of different associations of
fungi (Rayner and Todd, 1979). This term,
however, has recently been questioned by Fryar
(2002) who concluded that a sequence of

fruiting-bodies would be a more accurate
description in succession studies. Sequence of
fruiting-bodies on litter as a measure of fungal
succession has been used by some authors (e.g.
Yanna et al., 2002; Tang et al., 2005). Fungal
succession has been divided into different
types, e.g. substratum succession (Prach et al.,
2007) and resource (mixed substrates)
succession (Frankland, 1998; Twieg et al.,
2007). Suzuki et al. (2002) distinguished
between micro-scale (substratum) and macroscale (the whole community level or ecological
level) successions. Fungal successsion studies
have been carried out at both levels and were
reviewed by Frankland (1998).
Fungal successions have been studied
mainly on substrata and environments in
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temperate forests. Successions of fungal
communities on decaying leaves have been
studied by e.g. Bonet et al. (2004), Osono,
(2005); Twieg et al., 2007. Only a few such
successional studies have been carried out in
tropical and subtropical areas (Promputtha et
al., 2002; Tang et al., 2005; Paulus et al.,
2006).
Castanopsis diversifolia forms part of the
evergreen tropical forests of northern Thailand.
The fungi occurring on Castanopsis have been
documented with about 360 records worldwide
of 220 species on 35 different Castanopsis
species (Farr et al., 2008). Tang et al. (2005)
reported 38 taxa during a successional study of
fungi on decaying leaves of Castanopsis fissa
in Hong Kong. To date, only 13 taxa
(Acremonium sp., Beltrania rhombica,
Beltraniella portoricensis, Chaetopsina fulva,
Cladosporium sp., Dictyochaeta sp., Emarcea
castanopsidicola, Hypocreales sp., Idriella
lunata, Lophodermium sp., Ophioceras sp.,
Selenosporella curvispora and Zygosporium
echinosporum) have been recorded on C.
diversifolia (Duong et al., 2004a, b). In the
present study fungal succession was followed
on senescent leaves of C. diversifolia during
the decay process. The aims of this study were
to establish: 1) the composition of fungal
communities during C. diversifolia leaf decay;
2) the species richness at different stages of
leaf decay; 3) the fungal distribution on
different parts of the leaf (e.g. lamina, petiole,
midrib; substrate specificity); and 4) the origin
of fungi involved in leaf decomposition.
Materials and Methods
Collecting site and experiment design
The leaf samples were collected at Doi
Suthep-Pui National Park, 1146 metres above
sea level, 18º48.402′ North, 98º54.617′ East,
Chiang Mai, Thailand.
Castanopsis diversifolia (Kurz) King ex
Hook. f. is a tree to 10-20 m high. Leaves are
partly deciduous, 8-24 × 4-12 cm, ovate, or
oblong with tapering tips and a rounded or
slightly pointed base, smooth or with scattered
teeth near the apex. Young leaves are brown
and hairy, mature leaves are leathery, smooth
above, and usually sparsely hairy, at least on
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the midrib below. The petioles are 1.2-2 cm
long and stout.
Four individual Castanopsis diversifolia
trees were selected on the basis of adequate
leaf fall. One-hundred and ninety recently
fallen senescent, partly green leaves were
collected from the forest floor on 23 June 2004.
Sixty leaves were air-dried (unsterilised), the
other 130 leaves were sterilised in an oven at
70ºC for 7 days. On 30 June 2004, 15 sterilised
and 15 unsterilised leaves were placed on the
ground under each of the four selected trees.
Fifteen sterilised leaves were hung individually
in each C. diversifolia tree, about 4 m above
the ground. Leaves were tied to a thin, red,
plastic thread and fastened with nails to the tree
branches. The remaining ten sterile leaves were
incubated separately for 10 days in sterile ZipLock plastic bags containing sterile tissue
paper wetted with sterile water to serve as
controls. All leaves on the ground were marked
with thin strips of blue plastic so they could
later be recognised in the field. Three leaves
from each treatment and from each tree, were
collected on days 7, 21, 51, 86, and 120 after
the start of the experiment. They were placed in
separate sterile plastic bags moistened with
sterile tissue paper. Fungi were observed and
examined during 12 days of incubation.
Fungal examination
The aim of fungal observation was to
examine fungi occurring on leaf litter at the
time when they were collected. Two-days of
incubation induced sporulation of fungi on the
samples. All the leaves were examined within
12 days. Different parts of the leaf (blade vs.
petiole vs. midrib) were checked for ascomata
and colonies under a stereomicroscope
(Olympus SZH10). Morphological characters
were described from slides mounted in sterile
water and observed by differential interference
microscopy. Semi-permanent slides were
prepared for representative fruiting structures
of each distinct fungal taxon, mounted in 90%
lactophenol and sealed with nail varnish.
Isolation and herbarium specimens
Single-spore isolation was undertaken for
each fungal taxon detected following the
method of Goh (1999). Herbarium specimens
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were prepared by removing a section of the leaf
on which fungal colonies occurred, and drying
at 37°C for 3 days. Specimens of new taxa
were deposited at Mushroom Research Centre
Herbarium (MRC).
Statistical analysis
Each fungal taxon was recorded on a leaf
as being present or absent. The number of
occurrences of each taxon was counted, and the
frequency of occurrence of a fungus was
calculated for leaves at each decay stage using
the following formula.
Occurrence frequency of taxon A =

occurrence of taxon A
number of leaves examined

× 100

Taxa with a percentage of occurrence
higher than, or equal to 10% were considered
to be common species. The overlap and
complementarity of microfungi from different
leaf treatment types and different decay stage
in the study were calculated using the Sørensen
quotient:
Overlap (%) =

number of taxa shared between A and B
total number of taxa observed in A and B

× 100

Complementarity (%) = 100 - overlap

in which A denotes the number of microfungal
species in one kind of leaf treatment or decay
stage and B denotes the number of microfungal
species in another leaf treatment type or decay
stage.
Species diversity was measured using
species diversity indices (species richness and
species evenness). Species richness refers to
the number of species in a community and
species evenness refers to the contribution
(relative abundance or equability) of individuals. The Shannon diversity is often used to
estimate species diversity in a given
community; it comprises two different indices.
The Shannon diversity index accounts for
abundance of species present (H). This depends
much upon the species number in the
community. The Shannon evenness accounts
for equability of the species present (E).
Shannon evenness ranges from 0 to 1. A
community with a Shannon evenness equal to 1
means that every species in the community has

the same frequency of occurrence. The
Shannon diversity index is calculated according
to the formula:
H = -∑pi.lnpi (pi: proportion of ith species).
The Shannon evenness
according to the equation:

is

calculated

E = H/lnS (S: total species number).

Similarities among the fungal communities from different leaf treatment types and
different stages of decay were estimated using
cluster analysis, using the PC-ORP program
(McCune and Mefford, 1999) and paired t-test.
Shannon indices were used to estimate species
diversity of microfungi on Castanopsis
diversifolia.
Results
Total fungal numbers on the leaf treatments
No fungal taxa were observed on the 10
sterile leaves in the control experiment, which
indicates that sterilization was effective.
A total of 180 Castanopsis diversifolia
leaves from the three treatments were
examined and 799 identifications of 112 fungal
taxa were made. An average of 4.44 fungi were
identified from each leaf. A list of species
encountered and their frequencies are given in
Table 1. Common species with frequencies of
occurrence ≥ 10% were Idriella sp. (28%),
Subulispora procurvata (20%), Zygosporium
gibbum (19.5%), Beltrania rhombica (18%),
Parasympodiella laxa (17%), Cladosporium
oxysporum (15.5%), B. portoricensis (15%), C.
sphaerospermum (14.5%), Subramaniomyces
fusisaprophyticus (13.5%), Coelomycete sp. 6
(11%), Beltraniella odinae (10.5%), Chalara
pteridina (10.5%), and Coelomycete sp. 2
(10.5%).
The Sørensen comparisons between the
three treatments are presented in Table 2.
Fungal communities from each leaf treatment
and from all leaves were analysed. Diversity
indices (Shannon diversity and evenness
indices) are shown in Table 3. The highest
diversity of fungi during leaf decomposition
was observed on day 7 for sterile hung leaves,
and on day 51 for sterile and unsterile leaves on
the forest floor (Table 4).
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Table 1. List of species found from three treatments of Castanopsis diversifolia leaves (Numbers
refer to the number of times that each fungus was encountered; maximum 60 per treatment).
Species
Acremonium sp.
Albonectria albosuccinea
Alternaria sp.
Annulatascaceae sp.
Ardhachandra cristaspora
Arthrinium sp.
Aspergillus sp.
Asterina sp.
Bacillispora aquatica
Beltrania mangiferae
Beltrania rhombica
Beltraniella odinae
Beltraniella portoricensis
Beltraniella sp.
Bipolaris cynodontis
Cercosporula sp.
Chaetendophragmia triangularia
Chaetosphaeria sp.
Chalara pteridina
Cladosporium cladosporioides
Cladosporium oxysporum
Cladosporium sp. 1
Cladosporium sp. 2
Cladosporium sphaerospermum
Cladosporium tenuissimum
Clonostachys candelabrum
Clonostachys compactiuscula
Coelomycete sp. 1
Coelomycete sp. 2
Coelomycete sp. 3
Coelomycete sp. 4
Coelomycete sp. 5
Coelomycete sp. 6
Coelomycete sp. 7
Coelomycete sp. 8
Cryptophiale udagawae
Cylindrocladium gracile
Cylindrocladium pseudogracile
Cylindrum griseum
Dendrodochium cylindricum
Dictyochaeta cylindrospora
Dictyochaeta heteroderae
Dictyochaeta simplex
Dictyochaeta sp. 1
Dictyochaeta sp. nov.
Dictyochaeta stipiticolla
Dictyochaeta-like
Emarcea castanopsidicola
Endophragmiella sp.
Fusarium sp.
Geotrichum candidum
Gnomonia gnomon
Hansfordia sp.
Haplographium sp.
Helicosporium talbotii
Hyponectria buxi
Idriella fertilis
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Sterile hanging leaves
Petioles and
midribs

Leaf
blades
1

Sterile leaves on
the ground
Petioles and Leaf
midribs
blades

Unsterile leaves on the
ground
Petioles and
Leaf
midribs
blades
5
7
2

1
2
2
9
1
2
6
1
4
1
1
6
1
26
1
24
1
6
3

1
1
2
9

1
4

3
3
1

1
1
5
3

8

3
13
8
4

5

2

1
17
11
9
1

14
2
14

1

3
2
2
2

12
4
3
1
8

6
10

1
5
2
2

1
1

2

1
9
1

1

4

4
3
7

1
7
3
3
1

3
2
5

1
1
1

1
3
3
4

1
3
1
2
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Table 1(continued). List of species found from three treatments of Castanopsis diversifolia leaves
(Numbers refer to the number of times that each fungus was encountered; maximum 60 per
treatment).
Species
Idriella sp. 1
Idriella sp. 2
Kionochaeta spissa
Kramasamuha sibika
Lachnum sp.
Lauriomyces bellulus
Lecanicillium lecanii
Lichenopeltella salicis
Lophodermium australiense
Lophodermium sp.
Marasmius sp. 1
Marasmius sp. 2
Menisporopsis novaezelandiae
Microdochium phragmitis
Microthyrium sp.
Monochaetia sp.
Mycena sp. 1
Mycena sp. 2
Mycosphaerella sp.
Oedocephalum sp.
Ophioceras commune
Parasympodiella laxa
Penicillium sp.
Periconia cookei
Periconia paludosa
Periconia sp. 1
Periconia sp. 2
Pestalosphaeria hansenii
Pestalotiopsis tecomicola
Phaeoisaria sp.
Phomopsis sp.
Pithomyces karoo
Pseudobotrytis terrestris
Pseudohalonectria phialidica
Ramularia gei
Stemonitis sp.
Stictis sp. nov.
Stomiopeltis sp.
Subramaniomyces fusisaprophyticus
Subulispora procurvata
Thozetella sp.
Thysanophora sp.
Tritirachium bulbophorum
Unidentified hyphomycete sp. 1
Unidentified ascomycete sp. 1
Unidentified ascomycete sp. 2
Unidentified hyphomycete sp. 2
Verticillium sp.
Wiesneriomyces javanieus
Xenocylindrocladium sp.
Zygosporium gibbum
Zygosporium minus

Sterile hanging leaves
Petioles and
midribs
1

Leaf
blades
11
1

Sterile leaves on
the ground
Petioles and Leaf
midribs
blades
17

Unsterile leaves on the
ground
Petioles and Leaf
midribs
blades
2
19

8

2

2
1
4

1
1
1

1

2
1
11
10

2

15

1

2
3
1
2

1
3
1
1

1

6
4

4
4

3

20
2
3

1
2

11
6
9
4

1
6
3
11
2
2

1
3

1
7
6
1
11
11
1
1

1

10
16
4

3
3
3
3
8

1
4
1
1
1
1
3

1
1

3
35
1
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Table 2. Pair-wise overlapping fungi from three Castanopsis diversifolia leaf treatments. Singlets
were not excluded from the analysis.
Sterile hanging leaves
Sterile leaves on the ground

Sterile leaves on the ground
21.2

Unsterile leaves on the ground
15
21.3

Table 3. Diversity indices of fungal communities on decaying leaves of Castanopsis diversifolia.
Petiole and midrib (PM) and leaf blade (L).
Treatment

All treatments

Leaf part
Shannon diversity (H)
Shannon evenness (E)

All components
4.135
0.876

Sterile hanging
leaves
PM
L
1.986 3.393
0.862 0.836

Sterile leaves on the
ground
PM
L
1.122
3.521
0.865
0.895

Unsterile leaves on
the ground
PM
L
1.611
3.625
0.899
0.909

Table 4. Diversity indices of fungi from three treatments during decomposition of Castanopsis
diversifolia leaves.
Day
7
21
51
86
120

Sterile hanging leaves
Shannon
Shannon
diversity (H)
evenness (E)
3.189
0.928
2.945
0.915
3.089
0.917
2.905
0.914
2.731
0.963

Sterile leaves on the ground
Shannon
Shannon
diversity (H)
evenness (E)
2.918
0.958
2.919
0.944
3.267
0.97
3.188
0.956
2.99
0.953

Fungal communities on different leaf
treatments
The fungal communities observed in the
three leaf treatments were different in species
composition and species abundance. The
common species of different leaf treatments are
listed in Table 5.
In total, 65 taxa (6 ascomycetes and 59
anamorphic taxa) were encountered on the 60
sterilized leaves hanging in the canopy (291
identifications). Twenty-nine taxa (44.5%)
were encountered once (singlets). Ten out of 65
taxa were collected on the petioles and midribs
(27 identifications) (Table 1). Sixteen taxa
were common throughout the study period with
a percentage occurrence higher than 10%, the
most common of which were Zygosporium
gibbum (58.5%), Cladosporium oxysporum
(43.5%), C. sphaerospermum (40%), and
Parasympodiella laxa (38.5%) (see Table 1).
Fifty-three fungal species were identified
on the sterile leaves of Castanopsis diversifolia
on the ground (227 identifications) comprising
6 ascomycetes, 4 basidiomycetes, 1 myxomycete, and 42 anamorphic taxa. Three of
28

Unsterile leaves on the ground
Shannon
Shannon
diversity (H) evenness (E)
2.2
0.955
3.16
0.929
3.235
0.942
3.127
0.96
2.848
0.95

these species were found on petioles and
midribs, Lauriomyces bellulus (exclusively),
Subulispora procurvata and Xenocylindrocladium sp. Seventeen singlets (32%) and 10
doublets (19%) were found from these samples.
Thirteen of these species were common with a
percentage occurrence equal to or higher than
10% (Table 1).
On the 60 unsterile leaves on the ground,
55 fungal species were identified (281
identifications), comprising: 14 ascomycetes, 2
basidiomycetes, 1 myxomycete, and 38
anamorphic fungi. Six species, Acremonium
sp., Coelomycetes sp. 5, Gnomonia gnomon,
Idriella sp., Marasmius sp. and Parasympodiella laxa were also found on petioles and
midribs. Twelve singlets (22%) and 6 doublets
(11%) were found. Seventeen common species
with more than 10% frequency were: Idriella
sp. 1 (31.5%), Beltrania rhombica (28.5%),
Lecanicillium lecanii (25%), Coelomycete sp. 2
(21.5%), Acremonium sp. (20%), Coelomycete
sp. 6 (20%), Beltraniella odinae (18.5%),
Ophioceras commune (18.5%), Arthrinium sp.
(15%), Beltraniella portoricensis (15%),
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Table 5. Common species on different treatments of Castanopsis diversifolia leaves (percentage
occurrence).
Species
Acremonium sp.
Arthrinium sp.
Bacillispora aquatica
Beltrania rhombica
Beltraniella odinae
Beltraniella portoricensis
Chalara pteridina
Cladosporium oxysporum
Cladosporium sphaerospermum
Clonostachys compactiuscula
Coelomycete sp. 2
Coelomycete sp. 3
Coelomycete sp. 5
Coelomycete sp. 6
Cryptophiale udagawae
Cylindrocladium gracile
Dictyochaeta simplex
Dictyochaeta sp. 2
Emarcea castanopsidicola
Idriella sp. 1
Kionochaeta spissa
Lecanicillium lecanii
Menisporopsis novaezelandiae
Microdochium phragmitis
Mycosphaerella sp.
Ophioceras commune
Parasympodiella laxa
Penicillium sp.
Periconia sp. 2
Pestalotiopsis tecomicola
Pseudohalonectria phialidica
Ramularia gei
Subramaniomyces fusisaprophyticus
Subulispora procurvata
Zygosporium gibbum

Sterile hanging
leaves (%)
1.5
10
1.5
6.5
10
43.5
40
10
5
13.5
8.5
5
3.5
11.5
20
1.5
3.5
10
38.5
3.5
18.3
10
18.5
18.5
58.5

Penicillium sp. (15%), Coelomycete sp. 3
(13.5%), Cryptophiale udagawae (13.5%),
Subulispora procurvata (13.5%), Dictyochaeta
sp. 2 (11.5%), Parasympodiella laxa (10%),
and Periconia sp. 2 (10%).
Similarity analysis
The leaves were divided into three
subsets with different treatments, with the
objective of establishing the origins of the
fungal communities. The fungal communities
differed in treatments. Overlap of fungal
communities in the three leaf treatments, from

Sterile leaves on the
ground (%)
23.5
3.5
23.5
15
5
1.5
8.5
5
5
10
16.5
15
28.5
13.5
1.5
18.5
16.5
6.5
3.5
11.5
16.5
26.5
-

Unsterile leaves on the
ground (%)
20
15
28.5
18.5
15
6.5
1.5
5
21.5
13.5
6.5
20
13.5
5
11.5
5
31.5
3.5
25
3.5
6.5
18.5
10
15
10
5
13.5
-

the first to the last collecting time of sterile
hung leaves, sterile and unsterile leaves on the
forest floor are shown in Figures A-D. Species
compositions from three leaf treatments were
not significantly different [p value from paired
t-test of sterile hung leaves (SH), sterile leaves
on the forest floor (SF) and unsterile leaves
(UF): SH-SF, SH-UF and SF-UF were 0.204,
0.483 and 0.131, respectively)]. However,
species compositions of different collecting
times during leaf decomposition differed
significantly from one to another (Table 6).
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Table 6. Paired t-test of fungal communities occurring on Castanopsis diversifolia leaves
(Singletons were excluded from the analysis).
Day 7
Day 21
Day 51
Day 86
Day 120
Sterile leaves on the ground Day 7
Day 21
Day 51
Day 86
Day 120
Day 7
Unsterile leaves
Day 21
Day 51
Day 86
Day 120
Sterile hanging leaves

Day 7
1

Day 21
0.259
1

Day 51
0.155
0.295
1

Day 86
0.5
0.304
0.153
1

1

0.19
1

0.13
0.35
1

0.039
0.14
0.162
1

1

0
1

0
0.287
1

0.0014
0.0337
0.0059
1

Discussion
Fungal diversity on Castanopsis diversifolia
leaf litter
In studies of fungal diversity on leaf
litter, different methodologies have repeatedly
led to different communities. Indirect isolation
approaches often result in more taxa (including
non-sporulating morphospecies) than direct
observation (Bills and Polishook, 1994a; Bills,
1996; Polishook et al., 1996; Paulus and Hyde,
2003). Indirect isolation methods have been
criticized by some authors (Paulus and Hyde,
2003) because they recover both active fungi
and dormant spores that do not participate in
leaf decay processes. For this reason we chose
incubation of exposed leaves and assessment of
only those fungi that show active growth on the
natural substrate.
In this study, 180 senescent leaves of
Castanopsis diversifolia were examined and
112 fungal taxa were encountered. This is a
relatively high diversity in comparison with
previous studies on other hosts (Bills and
Polishook, 1994b; Promputtha et al., 2002;
Tang et al., 2005; Paulus et al., 2006).
Promputtha et al., (2002) studied the fungal
succession on decaying leaves of Manglietia
garrettii (Magnoliaceae) at Doi Suthep-Pui
National Park and identified only 22 fungal
taxa. On senescent leaves of Castanopsis fissa,
allowed to decompose for 4 months in Hong
Kong Island, Tang et al. (2005) encountered 38
30

Day 120
0.0037
0.01
0.0118
0.0005
1
0.323
0.172
0.106
0.0185
1
0.029
0.015
0.0043
0.2055
1

fungal taxa. A different array of species occur
on Castanopsis fissa (in Hong Kong) and C.
diversifolia (in Thailand) with only three
overlapping
taxa (Beltrania
rhombica,
Cryptophiale udagawae, and Subulispora
procurvata). These three species are common
leaf litter fungi (Polishook et al., 1996;
Parungao et al., 2002; Duong et al., 2004a;
Rambelli et al., 2004; Paulus et al., 2006). On
Ficus pleurocarpa (Moraceae) in northern
Queensland, Paulus et al. (2006) found 104
fungal taxa using a direct observation method,
but this included only four taxa that were also
identified in the present study (Beltrania rhombica, Beltraniella portociensis, Microdochium
phragmitis and Wiesneriomyces laurinus).
Fungal diversity and origin on different leaf
treatments
The highest diversity was found on the sterile
hanging leaves (65 species), followed by the
unsterile leaves placed on the forest floor (55
species), with lowest diversity on the sterile
leaves on the forest floor (53 species). After
leaf fall many competitors from different
sources would be expected to colonize leaves
that lie on the ground. Hanging leaves would,
however, be colonized either by airborne or by
rain-splash translocated inocula from the
canopy. So far no studies of phyllosphere fungi
have been carried out in Doi Suthep-Pui
National Park.
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1.8E-01
100

Distance (objective function)
5.3E-01
8.9E-01

1.2E+00

Information remaining (%)

75

50

1.6E+00

25

0

PM of sterile hanging leaves
PM of sterile leaves on the ground
PM of unsterile leaves on ground
Sterile hanging leaf blades
Sterile leaf blades on ground
Unsterile leaf blades on ground

A. Sørensen coefficient and group average method of fungal communities on different leaf tissue types of Castanopsis
diversifolia. Petiole and midrib (PM).
7.1E-02

100

1.5E-01

75

2.3E-01

Information remaining (%)
50

3.1E-01

25

4E-01

0

Day 7
Day 21
Day 51
Day 86
Day 120

B. Sørensen coefficient and group average method of fungal communities on sterile hung leaves during leaf
decomposition.
4.4E-02

100

1.3E-01

75

2.2E-01

Information remaining (%)
50

3.2E-01

4.1E-01

0

25

Day 7
Day 21
Day 51
Day 86
Day 120
C. Sørensen coefficient and group average method of fungal communities on sterile leaves on the forest floor during
leaf decomposition.
4.4E-02
100

2.2E-01
75

3.9E-01
Information Remaining (%)
50

5.6E-01
25

7.3E-01
0

Day 7
Day 21
Day 51
Day 86
Day 120

D. Cluster analysis using Sorensen coefficient and group average method of fungal communities on unsterile leaves on
the forest floor during leaf decomposition. Singletons are excluded.
Figs A-D. Cluster analysis of fungal communities of different treatment during leaf decomposition.
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The high diversity in fungal communities
on sterile hanging leaves requires an explanation. The hanging leaves receive less water
than those on the ground, even in conditions of
high humidity and rain. Thus, they decay more
slowly than leaves on the ground. The most
common species in all studied periods were
Cladosporium oxysporum, C. sphaerospermum, Zygosporium gibbum, and Parasympodiella laxa. Many rare fungi were also found on
hanging leaves. The high diversity of fungi on
hanging leaves may have been due to limited
moisture that prevented extensive growth of
fungal colonies and hence less interaction and
competition between taxa. The high number of
fungi recorded on hanging leaves may reflect a
high diversity of canopy fungi in Doi SuthepPui National Park, a hypothesis that requires
further study.
Fungal communities at different decaying
stages
Succession of fungal communities is
often divided into early, middle and late
decomposers (Frankland 1998; Tang et al.,
2005; Paulus et al., 2006). Our findings support
the distinction of different stages of the leaf
decay process (Figs B, C, D). Only a few taxa
overlapped at the different collecting times.
Significant differences in fungal communities
during leaf decomposition were, however, only
found at certain stages within a treatment.
Fungal communities in sterile hanging leaves
differed significantly when day 7 was
compared to day 120 (Table 6), while those of
sterile leaves on the ground changed significantly between day 86 and day 120 (p = 0.018,
Table 6). Fungal communities on unsterile
leaves on the ground changed significantly at
each sampling (Table 6, Fig. D).
During decomposition of C. diversifolia
leaves on the ground four different communities could be distinguished, corresponding
with different phases of decay. Fungal
communities on sterile leaves on the forest
floor changed over time, representing four
stages of decay (Fig. C). The changes,
however, were not statistically supported (p >
0.05, Table 6). Fungal communities at day 7
and 21 grouped together, including fungi
representing the early periods of leaf decay.
Fungi on unsterile leaves grouped into four
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groups, in which fungi that were encountered
on day 21 and 51 grouped together. Fungi on
day 7 included early decomposers Beltrania
odinae, Mycosphaerella sp., Ophioceras
commune and Stomiopeltis sp., which might
have been endophytic fungi that changed their
life styles to decomposers. A change of endophytic fungi to saprobes has been observed in
previous studies (Frankland, 1998; Tang et al.,
2005). Fungal communities on day 21 and 51
grouped together as a second group of
decomposers during leaf decay process.
The dominant species on leaves differed
with treatments (Table 5). The dominant
species on the sterilized hanging leaves
included Bacillispora aquatica, Cladosporium
oxysporum, C. sphaerospermum, Pestalotiopsis
tecomicola and Zygosporium gibbum. These
species were not present or present at very low
frequencies on leaves placed on the forest
floor. Among the fungi colonising hanging
leaves, Cladosporium spp. and Zygosporium
spp. are considered to be typically airborne,
while Bacillispora aquatica and Pestalotiopsis
temicola are more likely to be splashinoculated. Shortly after rain the hanging
leaves dry out and expose the fungi to drought
stress. Thus, colony expansion is limited and a
dense mosaic of colonies of different species
can develop. Cladosporium species, in
particular, are well-known airborne fungi and
they were abundant in the site studied (Table
1). Pestalotiopsis species are common
pathogenic, phyllosphere or endophytic taxa
(Osono, 2002, 2007). Zygosporium species are
also airborne, and have been well studied
(Paulus et al., 2006; Rao, et al., 2007; Tsai et
al., 2007).
Arthrinium sp., Beltrania rhombica,
Coelomycete sp. 3, Cryptophiale udagawae,
Dictyochaeta sp. 2, Ophioceras commune and
Periconia sp. 2 were dominant species on
leaves on the forest floor and not encountered
on hanging leaves. Arthrinium sp. was
abundant on unsterilized leaves in this study,
but not on sterile hanging leaves. Beltrania
rhombica, Cryptophiale, Dictyochaeta and
Periconia spp. have been encountered on leaf
litter in previous studies (Polishook et al.,
1996; Parungao et al., 2002; Tempesta et al.,
2003; Rambelli et al., 2004; Tang et al., 2005;
Paulus et al., 2006).

Fungal Diversity
Basidiomycetes were found only on
leaves on the forest floor (both sterile and
unsterile) at late stages of decay.
Basidiomycetes have been shown to be late
litter decomposers in previous studies in
temperate forests (Watkinson et al., 2006;
Osono, 2007) and are well-known to be present
as mycelium or rhizomorphs in the soil
(Anderson et al., 2001; Lamour et al., 2007).
Marasmius spp. and Mycena spp. were found
on leaves in the present study and are common
in litter in northern Thailand forests
(Wannathes et al., 2004). Basidiomycetes
decompose polysaccharides, lignin and litter
phenolics (Ghosh et al., 2003) and have strong
competetive capacities (Frankland, 1998). In
previous studies of fungi occurring on leaf litter
in tropical forests no basidiomycetes were
recorded (Promputtha et al., 2002, 2004; Tang
et al., 2005), although they may have been
present as mycelium or rhizomorphs.
Competition by basidiomycetes may account
for the reduced number of micro-fungi on
leaves on the ground (Frankland, 1998;
Kwaśna, 2003).
The lowest fungal diversity was found on
sterile leaves on the forest floor. Sterilization of
recently dead leaves eliminates the endophytes
and, therefore, taxa found on these leaves must
arrive from outside. Various factors influence
fungal attachment and germination on leaves in
the phyllosphere. Living leaves of C. diversifolia are protected from fungal colonization by
various mechanisms such as cutin, hairs, and
active metabolites (phenolic compounds).
Fungal communities on unsterile leaves can
originate from endophytes, pathogens, air, and
soil. In this situation, a higher number of fungi
might be expected. The fungi that were present
only on unsterile leaves on the forest floor may
have been endophytes or leaf pathogens. They
include the ascomycetes Albonectria albosuccinea, Annulatascaceae sp., Lachnum sp.,
Lophodermium australiense, Lophodermium
sp., Stictis sp., and the anamorphic ascomycetes Ardhachandra cristapora, Arthrinium sp.,
Cylindrocladium pseudogracile, Periconia
paludosa, Periconia sp. 2, and Subramaniomyces fusisaprophyticus. Davidiella spp. and
Cladosporium spp. anamorphs (Braun et al.,
2003) have been reported as endophytic fungi

from various plants. Mycosphaerella species
have been recorded on fallen leaves of
Eucalyptus and Quercus at early stages of
decay and were followed by other saprobes and
basidiomycetes (Crous, 1998; Frankland, 1998;
Hunter et al., 2006; Tang et al., 2005).
Some of the taxa on the hanging leaves
were also found on sterile leaves on the forest
floor (Cladosporium oxysporum, C. sphaerospermum) but with low frequencies. Fungi
colonising both sterile leaves lying on the
forest floor and hanging leaves indicate
airborne or rain splash transmission. Some
other typically airborne taxa, abundant on
hanging leaves but rarely found on unsterile
leaves on the ground included Alternaria sp.,
Cladosporium spp., Parasympodiella laxa,
Ramularia sp. and Zygosporium gibbum.
Fungi ubiquitous in all three treatments,
such as Bacillispora aquatica, Beltrania
rhombica, Beltraniella portoriciensis, Chalara
pteridina,
Clonostachys
compactiuscula,
Dactylaria hemibeltranioidea, Dictyochaeta
simplex, Microdochium caespitosum, Subulispora procurvata and Volutella sp. 1 were also
found at all stages of decay. These fungi
participate in leaf decay throughout the period
studied and sporulate rapidly.
Host and substrate specificity and factors
influencing fungal distribution
Evidence for host-specificity or hostrecurrence of fungi have been noted from
various plants (Zhou and Hyde, 2001;
Parungao et al., 2002; Photita et al., 2003).
However, the basis for such preference is
poorly understood. Research has provided
evidence that saprobic and endophytic taxa are
often the same species (Osono, 2002; Promputtha et al., 2005). Cannon (2002) found that
endophytic fungi in tropical forests are less
host-specific than those of temperate forests.
Substrate preferences of fungi has been
studied by many mycologists. Among the
saprobic fungi on Magnolia liliifera leaves
only 5 out of the 37 encountered taxa grew on
midribs and petioles (Promputtha et al., 2004);
on banana in Doi Suthep-Pui, Chiang Mai,
Thailand, Photita et al., (2003) found 80 fungal
species of which 51 species were on petioles;
thirty of these overlapped on petioles and leaf
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blades. Among the 112 taxa found in the
present study, only eleven taxa ocurred on
petioles and midribs, and five taxa were
encountered on both midribs and leaf blades.
We assume that these five taxa first grew on
the leaf blade near the midrib and then covered
the midrib, mostly at the leaf tip. The similarities of fungal communities from different leaf
substrates (leaf lamina, petioles and midribs)
are shown in Figures A-D. Fungal species
composition on leaf blades, petioles and
midribs differed significantly (p = 1.9e-11).
Fungal communities on petioles and midribs of
different leaf treatments were more similar to
each other than to those of leaf blades, pointing
to a distinct ecological niche. Fungi on petioles
and midribs may have higher capacity for
colonizing and decomposing woody substances.
The factors that influence the presence of
a fungus on a given host are difficult to
determine. Some factors have been suggested
that might influence the fungal communities on
leaves. The leaf surfaces (waxy, different kinds
of hairs) are one of the most important
substrata for fungal attachment (Eaton et al.,
2004). The phylloplane mycoflora is important
during early stages of decay (Osono, 2002).
Other factors affecting fungal communities
include leaf thickness, toughness, metabolites
(from the plant itself or from endophytes and
other fungi) such as glycol, chlorohydrins and
bromohydrin (Varma et al., 2004; Paulus et al.,
2006) or phenolic compounds in plant cells
(Polishook et al., 1996; Sallé et al., 2005;
Paulus et al., 2006). Castanopsis diversifolia
has mechanisms that protect the leaves against
fungal colonization such as hairs on both sides
when young, smooth surface, leather leaf tissue
when mature and phenolic compounds.
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