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Abstract — Randomly collected naturally decaying submerged/semi-submerged wood from
six freshwater streams in two forests Doi Inthanon (DI) and Khao Yai National Parks (KY),
Thailand was examined for aero-aquatic hyphomycetes following five field collections in
July 2009 to November 2010. A total of 1,171 fungal occurrences belonging to 32 species in
13 genera were identified from DI (31%), and KY (28%), with 41 % common to both sites.
Of these, eighteen were new records (56.25% of all species) for Thailand. Percentage
occurrence of fungi at DI streams 1-3 were 30.77%, 35.99%, and 33.33%, respectively; while
at streams 4-6 at KY, percentage occurrence was 31.11, 35.56, and 33.33%, respectively. The
most common species at both forests (with >10% frequency of occurrence, FO) were
Candelabrum brocchiatum (34.5%), followed by Pseudaegerita corticalis (15.4%), and
Cancellidium applanatum (12.5%). These fungi were found at five streams in the two forests
while Helicomyces roseus (6.3%), Candelabrum microsporum (4.3%) and Helicosporium
panachaeum (4.3%) are regarded as common species. Seven species were regarded as rare,
occurring only once per site with FO = 0.1% (Candelabrum sp., Helicoma atroseptatum,
H. perelegans, H. resinae, Helicoma sp., Helicosporium aureum and H. gracile).
A comparison of the fungal community at the two forests and six streams shows little
difference in species composition.

Aquatic fungi / species abundance / species diversity / submerged wood / frequency of
occurrence
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INTRODUCTION

Freshwater hyphomycetes are characterized as those that dwell in
freshwater ecosystems for all or a part of their life cycle. Nonetheless, this
definition is vague, as it includes all fungi that may be present in a freshwater
environment regardless of their origins. They can be categorized into four groups
based on their occurrence in various aquatic habitats terrestrial-aquatic
hyphomycetes, amphibious hyphomycetes, aquatic hyphomycetes, and aero-
aquatic hyphomycetes (Goh & Hyde, 1996a; Chan et al., 2000a; Descals &
Moralejo, 2001).

Among these categories, the aero-aquatic hyphomycetes, which is the
target group of this study, produce distinctive asexual spores when exposed to air
and inhabit submerged leaves and wood in static to slow-flowing freshwater
environments (Beverwijk, 1951; Abdullah & Webster, 1980). The multicellular
dispersal units of aero-aquatic hyphomycetes are morphologically diverse, but all
have one feature in common; they trap air between their cells and thus float on
the surface of water (Goh & Hyde, 1996a). These fungi can be isolated by
collecting old submerged leaves from a stream or pond bottom or a swampy area
under aerobic conditions (Birlocher, 1992).

Since 1983-2012, aero-aquatic hyphomycetes have been increasingly
studied, as evidenced by the increased number of publications on these fungi and
several new species and genera from all over the world have been identified
(Hyde et al., 2011). Most studies have taken place in temperate regions resulting
in the description of many novel species (Abdullah et al., 1996, 1997, 1998a, 1998b,
2000, 2005; Abdullah & Webster, 1983; Hennebert, 1998; Marvanova & Bérlocher,
1998; Voglmayr, 1997a, 1997b, 1997c, 1998, 2004; Voglmayr & Delgado-
Rodriguez, 2001; Voglmayr & Fisher, 1997; Voglmayr & Krisai-Greilhuber, 1996,
1997; Voglmayr et al., 1999; Yamaguchi et al., 2009, 2012).

A number of studies on aero-aquatic hyphomycetes on leaf litter from
tropical and semi-tropical regions have been undertaken (Castafieda & Kendrick,
1991; Chang, 2001; Goh, 1997; Goh & Hyde, 1996b; Nawawi & Kuthubutheen, 1987,
1988, 1990; Voglmayr & Delgado-Rodriguez, 2001, 2003; Voglmayr & Yule, 2006);
while they have also been reported on submerged wood as part of general
mycological surveys (Cai et al., 2003; Ho et al., 2001, 2002; Hyde & Goh, 1998; Jones
& Pang, 2012; Kurniawati et al., 2010; Tsui & Hyde, 2004; Tsui et al., 2000;
Vijaykrishna & Hyde, 2006; Yamaguchi et al., 2012). In Thailand, such studies have
identified a number aero-aquatic hyphomycetes on wood (Pinnoi et al., 2006;
Pinruan et al., 2007; Sivichai & Hywel-Jone, 1999; Sivichai et al., 2000, 2002; Zhang
et al., 2011), while Pinnoi et al. (2006) and Pinruan et al. (2007) recorded
Cancellidium applanatum, Helicoma sp., Helicosporium sp., and Helicosporium
gigasporum on palm materials, while Sivichai & Hywel-Jone (1999), and Sivichai et
al. (2000, 2002) listed Biflagellospora japonica, B. siamensis, B. papillata, B. gracilis,
Cancellidium applanatum, Helicomyces roseus, Helicosporium grisum-like, H. gigasporum,
Helicosporium sp., H. vegetum-like, Candelabrum brocchiatum, Helicoma sp.,
Helicoon sp., and Spirosphaera sp. on submerged test blocks. A dedicated study of
aero-aquatic hyphomycetes on wood has rarely been undertaken.

The objectives of this study were: (i) to survey and increase the fungal
records for aero-aquatic hyphomycetes isolated from natural wood at two selected
rainforests in Thailand; (ii) to compare the species (common, rare, overlapping
and exclusive species) collected at the two forests (Doi Inthanon and Khao Yai
National Parks) and six selected sub-streams, and (iii) to assess their frequency of
fungal occurrence and fungal diversity.
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MATERIALS AND METHODS

Collection sites. — Three streams in Doi Inthanon National Park
(henceforth referred as to DI) and Khao Yai National Park (henceforward
described as KY) were chosen as the six representative sub-sites/streams of a
tropical rainforest (Fig. 1).

DI is located in the northern part of Thailand and covers an area of
approximately 482 square kilometers at Chaing Mai Province (Fig. 1A). DI
contains a variety of forests (the deciduous and evergreen nature of the
vegetation), including virgin forest, pine and mixed forest, and is rich in flora and
fauna (Chayamarit & Puff, 2007; Santisuk, 1988). Selected sites within DI were
(1) the Ang Ka Nature Trail (N 18°35’, E 098°29’, 2,542 m in elevation), (2) Pha
Doksiao Waterfall (N 18°32’, E 098°31°, 1,212 m in elevation), and (3) Wang
Muang-Wang Khwai Waterfall (N 18°30°, E 098°40’, 405 m in elevation).

KY is the main conserved forest in Thailand (Fig. 1B). It covers four
provinces in central and northeastern Thailand (Saraburi, Nakhon Ratchasima
and Prachin Buri Provinces in the east, Nakhon Ratchasima in the north, and
Nakhon Nayok Province in the south) and represents one of the largest humid
tropical rainforest in Thailand. The vegetation of this forest was classified into five
types, viz. dry evergreen forest, dry mixed deciduous forest, tropical rain forest,
hill evergreen forest, and grassland and secondary forest (Smitinand, 1968). Its
topography is mountainous, with peaks reaching approximately 1,351 meters
above sea level. The three streams chosen in KY are 4, 5 and 6 respectively (4) the
Lum Ta Khong Stream (N 14°20°, E 101°21’, 518 m in elevation), (5) Tat Ta Phu
Waterfall (N 14°24’, E 101°22’, 611 m in elevation), and (6) Wang Champi
Waterfall (N 14°26°, E 101°21°, 668 m in elevation).

Sample collection. — Five collections were made between July 2009 and
November 2010. Forty naturally submerged to semi-submerged woody substrates
(twigs or branches) were randomly selected, placed in polythene bags and transported
to the laboratory. Sample size ranged from ca 1-5 cm in diameter x 15-30 cm long.
Water temperature (ranging between 8.5-28°C), pH level (about 6.0-7.0) and
collection dates (from 1% to 5) are listed in Table 1.
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Fig. 1. Map of the collection sites in Doi Inthanon National Park (1A) and Khao Yai National
Park (1B) including the six sub-streams: The stream 1) Ang Ka Nature Trail; The stream 2) Pha
Doksiao Waterfall; The stream 3) Wang Muang-Wang Khwai Waterfall; The stream 4) Lum Ta
Khong Stream; The stream 5) Tat Ta Phu Waterfall, and The stream 6) Wang Champi Waterfall.
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Table 1. Collection dates with the pH and temperature of the water in the six streams

Date sampled
Y& an 3rd 4lh 5!h
The stream1  AK Jul 28, 2009, Oct 30, 2009, Jan 12,2010,  Apr 20,2010, Aug 28,2010,
13°C,pH 6 11.5°C,pH 6 8.5°C,pH 6-7 12°C,pH S 15°C,pH 6

The stream2  PD Jul29,2009,  Oct29,2009, Jan 12,2010, Apr19,2010, Aug 27,2010,
19°C,pH7  18°C,pH7 175°C,pH7  21°C,pH7  20°C,pH7

Thestream3  WMK  Jul29,2009,  Oct29,2009,  Jan 12,2010, Apr19,2010, Aug27,2010,
20°C,pH7  19°C,pH7 19°C,pH7  25°C,pH7  24°C,pH7

The stream4 LTK Aug 4, 2009, Nov 4, 2009, Jan 15,2010,  Apr 5,2010, Nov 13, 2010,
23°C,pH7 22°C,pH 7 21°C,pH 6-7 28°C,pH7 23°C,pH 6

Thestream5 TTP  Aug4,2009, Nov4,2009,  Jan16,2010, Apr6,2010, Nov 13,2010
22°C,pH7  20°C,pH7 16°C,pH6  23°C,pH6  23°C,pH7

The stream6  WC Aug 4, 2009, Nov 4, 2009, Jan 15, 2010, Apr 5,2010, Nov 13,2010,
23°C,pH 7 22°C,pH 7 19°C, pH 6 28°C,pH 7 28°C,pH 7

*LTK: Lum Ta Khong Stream; TTP: Tat Ta Phu Waterfall; WC: Wang Champi Waterfall; AK: Ang Ka Nature
Trail; PD: Pha Doksiao Waterfall; WMK: Wang Muang-Wang Khwai Waterfall

Sub-stream*

Fungal isolation and morphological identification. — The collected
samples were placed in the 25 x 10 x 10 cm plastic boxes with a layer of water over
the surface and incubated with moist tissue paper at 20°C in a cabinet.

Samples were examined under a stereomicroscope on incubation and re-
examined at 14-day intervals for 3 months, to determine the presence of
sporulating aero-aquatic hyphomycetes. Single spores were isolated into axenic
culture, grown on corn meal agar (CMA, from Criterion™ Dehydrated Culture
Media, Santa Maria, California) and potato carrot agar (PCA, extract from 20 g/L
potato, extract from 20 g/L. carrot, 2% agar) supplemented with antibiotics
(streptomycin 0.5 g/l and penicillin G 0.5 g/). Germinated conidia were
subsequently transferred to potato dextrose agar plates (PDA, from Criterion™
Dehydrated Culture Media, Santa Maria, California).

For morphological identification, sporulating aero-aquatic hyphomycetes
on substrata were mounted in water with lactophenol. Measurements of aero-
aquatic hyphomycetes were taken from fresh material mounted in water and
photographed using a Nomarski differential interference contrast microscope.
Permanent slides were deposited at the BIOTEC Bangkok Herbarium (BBH,
Thailand) and NITE Biological Resource Center collection (NBRC, Japan).
Fungal isolates were kept in the BIOTEC Culture Collection (BCC, Thailand)
and NBRC, Japan.

Statistical analyses. — Fungi identified from each woody sample were
recorded only once when found in the same sample. The occurrence frequency of
an aero-aquatic fungus was calculated for a wood sample using the following
formula:

Percentage of = No. of wood samples colonized by a specific fungus x 100
occurrence frequency No. of wood samples examined

The average number of aero-aquatic hyphomycetes per wood sample and percent
colonization for each species were calculated using the following formulas:

Average no. of fungi per wood sample = Total no. of fungal isolations
No. of wood samples with sporulating fungi
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Table 2. Percentage of fungal occurrence, number of species, number of collections and their
distributions in the six streams

% Frequency of occurrence, (% FO)

The stream no. The stream no. Overall
. . Overall Overall
Aero-aquatic Fungi percentage percentage percentage
occurrence
1 2 3 occur;elnce 4 5 6 occurlge;]ice at DI and

“ a KY (OP0)
Aegerita-like - - - - - 05 1 0.5 0.3
Cancellidium applanatum - 05 05 0.3 4 445 255 24.7 12.5
Candelabrum brocchiatum 85 315 35 25 30.5 495 52 44 345
Candelabrum clathrosphaeroides®* 3 0.5 - 1.2 - - - - 0.6
Candelabrum microsporum* - 2 145 5.5 25 45 2 3 4.3
Candelabrum sp.# - - - - - 05 - 0.2 0.1
Clathrosporium compactum* - 105 15 4 - - - - 2
Clathrosporium intricatum* - - - - - 05 2 0.8 0.4
Helicoma atroseptatum*# - - - - 0.5 - - 0.2 0.1
Helicoma perelegans™# 05 - - 0.2 - - - - 0.1
Helicoma resinae*# - - - - 0.5 - - 0.2 0.1
Helicoma sp.# - - 05 0.2 - - - - 0.1
Helicoma-like 1 - - 0.3 - - - - 0.2
Helicomyces cf. macrofilamentosus — — - - 05 65 2 3 1.5
Helicomyces roseus 05 6 13 6.5 5 55 175 6 6.3
Helicoon gigantisporum - - - 1.5 - - 0.5 0.3
Helicosporium aureum*# - 05 - 0.2 - - - - 0.1
Helicosporium cf. pannosum - - 15 0.5 - - 0.5 0.2 0.3
Helicosporium gigasporum - - 3 1 0.5 1 3 1.5 1.3
Helicosporium gracile*# - - - - - - 05 0.2 0.1
Helicosporium griseum* - 05 3 1.2 1 - - 0.3 0.8
Helicosporium guianense* 1 05 2 1.2 - - - - 0.6
Helicosporium lumbricopsis* - 65 55 4 35 35 4 3.7 3.8
Helicosporium panachaeum* - 10 6.5 5.5 6 15 15 3 4.3
Helicosporium virescens* - - - - 0.5 - 35 1.3 0.7
Peyronelina glomerulata* 0.5 05 1 0.7 1 1.5 - 0.8 0.8
Pseudaegerita corticalis* 61 15 - 20.8 - 245 55 10 15.4
Pseudoclathrosphaerina cf. 12 - - 4 - - 2
evamariae
Pseudoclathrosphaerina 12 - - 4 - 0.5 - 0.2 2.1
evamariae*
Pseudoclathrosphaerina sp. 75 05 - 2.7 - 05 - 0.2 1.4
Pseudoclathrosphaerina spiralis* 5 - - 1.7 - - - 0.8
Spirosphaera sp. - - - - - 05 05 0.3 0.2
Percentage of wood colonized 72 54 59 62 48 83 70 67 64
Average no. of fungi per wood 1.6 13 15 1.5 12 18 1.6 1.6 1.5
samples
Total no. of species at each site 12 14 13 22 14 16 15 23 32
Total no. of species at each forest 22 - 23 - -
Shannon-Weaver (H) 1.58 1.77 1.88 231 172 173 1.74 1.87 -
Simpson (D) 0.67 0.75 0.78 0.85 0.69 0.76 0.72 0.75 -
Evenness (/) 0.63 0.67 0.73 0.75 0.56 0.63 0.64 0.60 -
Total genera in the study 13
Total species in the study 32
Total no. of wood samples 1,200
Total no. of fungal strains 1,171

FO: Frequency of occurrence; Asterisk (*): The new record species in Thailand; Number sign (#): The rare
species in Thailand; Bold: The common species found for this study; DI: Doi Inthanon National Park comprises
of three sub-streams: the stream 1-3; K'Y: Khao Yai National Park comprises three sub-streams: the stream 4-6;
OPFO: Overall percentage occurrence consists of two forests: Doi Inthanon and Khao Yai National Parks
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Fig. 2. The three most common fungi at the two forests: A. Candelabrum brocchiatum,
B. Pseudaegerita corticalis and C. Cancellidium applanatum. D-J. Rare species at the two forest
sites: D. Candelabrum sp., E. Helicosporium aureum, F. Helicoma atroseptatum, G. Helicoma
gracile, H. Helicoma sp., I. Helicoma resinae and J. Helicoma perelegans. Bars: A-J = 50 pm.
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Percentage of fungal species in Doi Inthanon National Park (DI)

Stream 1(AK) ¢ fungi:
33.77% Pseudaegerita corticalis
33.33% . .
Pseudoclathrosphaerina evamariae
Pseudoclathrosphaerina cf. evamariae

Stream 3 (WMK)

Common fungi:
Candelabrum brocchiatum
Candelabrum microsporum
Helicomyces roseus

Stream 2 (PD) C fungi:

35.99%  Candelabrum brocchiatum
Clathrosporium compactum

Percentage of fungal species in Khao Yai National Park (KY)

S 6 (WC) Stream 4 (LTK)
tream 31.11% i
33.33% Common fungi:

Candelabrum brocchiatum
Common fungi:
Cancellidium applanatum
Candelabrum brocchiatum

Stream 5 (TTP)
35.56%
Common fungi:
Cancellidium applanatum
Candelabrum brocchiatum

Fig. 3. Percentage of fungal records at each stream in DI and KY National Parks.

Aegerita-like.
Candelabrum clathrosphaeroides

4 Candelabrum sp.
C/G{hf osporium compactum Clathrosporium intricatum
Hell.coma perelegans Helicoma atroseptatum
Hell.coma sp. Helicoma resinae
Helicoma-like Helicomyces cf. macrofilamentosus
Helicosporium aureum

. . . Helico6n gigantisporum
Helicosporium guianense

Helicosporium gracile

Pseudoclathrosphaerina cf.evamariae Helicosporium virescens
Pseudoclathrosphaerina spiralis Spirosphaera sp.
(31%) (28%)

Cancellidium applanatum

Candelabrum brocchiatum Helicomyces roseus

Candelabrum microsporum Helicosporium cf.pannosum

Peyronelina glomerulata Helicosporium gigasporum

Pseudaegerita corticalis Helicosporium griseum

Pseudoclathrosphaerina evamariae Helicosporium lumbricopsis

Pseudoclathrosphaerina sp. Helicosporium panachaeum

(41%)

Fig. 4. Distribution of aero-aquatic fungi by national park. Numbers within each circle indicate
the number of fungal species found at each forest. Numbers in the overlapping region indicate
those common to both forests (DI and KY).
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Percentage colonization = Total no. of wood samples with sporulating fungi x 100
Total no. of examined wood samples

Shannon-Weaver (H), Simpson (D), Evenness (/) and Sgrensen’s (S) indices were
calculated through the Vegan Community Ecology Package version 1.17-6
(Oksanen et al., 2011).

RESULTS

Diversity of aero-aquatic fungi at Doi Inthanon and Khao Yai National Parks

Table 2 lists the fungi from 1,200 woody samples at both DI and KY,
which yielded 1,171 fungal occurrences, belonging to 32 species in 13 genera.
Eighteen species listed with an asterisk represent new records for Thailand
(56.3% of all species). Stream 5 supported the highest number of fungi followed
by streams 6, 2, 4, 3, and 1 with 16, 15, 14, 14, 13 and 12 species, respectively.

H, D and J indices were the highest at DI for stream 3 (H = 1.88,
D =0.78, and J = 0.73), and lowest at KY for the stream 1 (H = 1.58, D = 0.67,
and J = 0.63). Seven species (21.9% of total species) were represented by only one
record and can be regarded as infrequent or rare with an overall percentage
occurrence of OP = 0.1%, and included three genera: Candelabrum,
Helicosporium and Helicoma (Table 2, Fig. 2). In contrast (Table 2, Fig. 2), the
three most common species found were Candelabrum brocchiatum, Pseudaegerita
corticalis and Cancellidium applanatum with an OPFO of 34.5, 15.1, and 12.5%,
respectively.

In DI, twenty-two species, belonging to ten genera, were collected with
C. brocchiatum, Helicomyces roseus, Helicosporium guianense and Peyronelina
glomerulata, occurring at all three streams; while the common species at the
individual streams in DI were: stream 1 Pseudaegerita corticalis (61%),
Pseudoclathrosphaerina evamariae (12%) and Pseudoclathrosphaerina cf. evamariae
(12%); stream 2 C. brocchiatum (31.5%) and Clathrosporium compactum (10.5%);
and stream 3 C. brocchiatum (35%), C. microsporum (14.5%), and H. roseus (13%).
As shown in Fig. 3, stream 2 supported the greatest fungal species with 14 (35.99%
all of species), stream 1: 12 (33.77%), and stream 3: 13 (33.33%).

In KY, twenty-three species, belonging to twelve genera, were collected
with C. applanatum, C. brocchiatum, C. microsporum, Helicomyces cf.
macrofilamentosus, H. roseus, Helicosporium gigasporum, H. lumbricopsis, and
H. panachaeum found at all three streams. The most common at each stream
were: stream 4 C. brocchiatum (30.5%); stream 5 C. applanatum (44.5%) and
C. brocchiatum (49.5%); and stream 6 C. applanatum (25.5%), and C. brocchiatum
(52%). Stream 5 supported the greatest number of species (Fig. 3).

The overlapping/exclusive fungi found in two forests and among their sub-streams

Nine and 10 fungi were only found exclusively at DI and KY forests,
respectively, while 13 were common to both forests (Fig. 4).

In DI streams, 5, 1 and 3 fungi were found only in streams 1, 2 and 3,
respectively, with four species common to all three streams. For the KY streams,
4, 3 and 2, fungi were found only at streams 4, 5 and 6 respectively, with
8 common to all streams (Fig. 5).
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Three streams in Doi Inthanon National Park

Helicoma perelegans

Helicoma-like
Pseudoclathrosphaerina cf.evamariae
Pseudoclathrosphaerina evamariae
Pseudoclathrosphaerina spiralis

Candelabrum clathrosphaeroides

Pseudaegerita corticalis (23%)

Pseudoclathrosphaerina sp.

(14%)

Helicosporium aureum ,
Helicoma sp.

0,
(5%) Helicosporium cf. pannosum

Helicosporium gigasporum
(14%)

Cancellidium applanatum
Candelabrum microsporum
Clathrosporium compactum
Helicosporium griseum
Helicosporium lumbricopsis
Helicosporium panachaeum
(26%) (18%)

L

Candelabrum brocchiatum
Helicomyces roseus
Helicosporium guianense
Peyronelina glomerulata

Three streams in Khao Yai National Park Helicoma atroseptatum

Helicoma resinae

Helicoén gigantisporum

Peyronelina glomerulata Helicosporium griseum
(4%) (17%)

Helicosporium virescens
(4%)

Candelabrum sp.
Pseudoclathrosphaerina evamariag
Pseudoclathrosphaerina sp.

(13%)

Helicosporium cf. pannosum
Helicosporium gracile
(9%)

Aegerita-like.
Clathrosporium intricatum
Pseudaegetrita corticalis
Spirosphaera sp.

(17%)

Cancellidium applanatum
Candelabrum brocchiatum
Candelabrum microsporum
Helicomyces cf. macrofilamentosus
Helicomyces roseus
Helicosporium gigasporum
Helicosporium lumbricopsis
Helicosporium panachaeum

(36%)

191

Fig. 5. Distribution of aero-aquatic fungi in the six streams in the two national parks. Numbers
within each circle indicate the number found in that stream. Numbers in the overlapping regions

indicate species found common between the different streams.
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Table 3. Sgrensen’s index (%) showing similarity indices among the six different streams at the
two forests

Collection sites Similarity (%)
(The stream no.) ] 5 3 4 5 P
1 - 539 32 23.1 429 222
2 - - 74.1 571 60 483
3 - - - 66.7 552 57.1
- - - - 60 62.1
774

[= “ N
|
|
|
|
|

Fungal similarities between streams in DI and KY, Thailand

In Table 3, the similarity in fungal communities associated with wood
samples between the different sub-streams ranged from 22.2 to 77.4%. The closest
fungal similarity was between streams 6 and 5 (77.4%) and lowest for streams
1 and 6 (22.2%), respectively.

DISCUSSION

Biodiversity of aero-aquatic fungi in six different selected streams at DI and KY

Thirty-two aero-aquatic fungi (in 13 genera) were recorded on woody
substrata collected at two forests in Thailand, with only 13 species (41%) common
to both locations. Cancellidium applanatum (at 5 streams), Candelabrum
brocchiatum (6), Helicomyces roseus (6), Helicosporium panachaeum (5) and
Pseudaegerita corticalis (4) were the most common species found during this
study. Of the nine and ten species found only at DI and KY respectively, most
had a low frequency of occurrence (0.3-0.5%) or occurred only at one stream.

The topography of the adjacent vegetation through which the streams
passed varied greatly: stream 1 had slow moving water, low temperature (8.5-
15°C), surrounded by many shrubs, and was largely shaded by trees and at an
elevation of 2,542 m. The second stream was in the lower montane rainforest, at
elevation of 1,212 m., and water temperatures ranged between 17.5-20°C), while
stream 3 was in mixed deciduous forest, at elevation of 405 m., and water
temperatures ranged between 19-25°C. The water at both sites was fast-moving,
especially in rainy season and showed static to slow-moving water in dry season.
Despite different aspects of the streams there was little variation in species
diversity.

Sivichai et al. (2000, 2002) also studied the diversity of freshwater fungi
colonizing submerged test blocks of Dipterocarpus alatus and Xylia dolabriformis
at KY forest, with Helicomyces roseus and Candelabrum brocchiatum occurring at
a frequency of occurrence of 73.3% and 1.5% at stream 2 (a site common to both
studies). However, Scutisporus brunnneus and Helicosporium vegetum were not
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found. A variety of factors may account for the differences in biodiversity
observed in freshwater habitats, tree canopy over the stream, sampling strategies,
riparian vegetation, decaying wood abundance, host-specificity, geographical
location, temperature, rainfall, water velocity, water chemistry, nutrient status and
the chemical composition (Frohlich & Hyde, 2000; Jones, 2000; Kane et al., 2002;
Kurniawati et al., 2010; Taylor & Hyde, 2003; Tsui et al., 2000; Wood-
Eggenschwiler & Barlocher, 1985; Zhang et al., 2011).

Thai most common aero-aquatic fungi on wood compared to those from tropical
and temperate locations

In our study, we examined the naturally collected wood on return to the
laboratory, at 48 hours and at one week while there was still a film of water on
the wood surface. During this period, a number of some ascomycete and aquatic
hyphomycetes sporulated on the wood surface, but not recorded in this paper
(data not shown).

A large number of aquatic and aero-aquatic fungi associated with
decomposing submerged leaves and spores trapped in air bubbles in stream
ecosystems (Bérlocher, 1992), and many have been recorded from tropical and
subtropical regions (Au et al., 1992; Bhat & Chien, 1990; Chan et al., 2000a, b).
However, few have documented aero-aquatic hyphomycetes from submerged
woody substrata (Cai et al., 2003; Ho et al., 2001; Hyde & Goh, 1998; Tsui et al.,
2000; Tsui & Hyde, 2004; Vijaykrishna & Hyde, 2006).

Table 4, lists the most common aero-aquatic fungi from tropical and
temperate locations, with the most frequent species C. brocchiatum (10 from
12 studies), Helicomyces torquatus (6 out of 12), Helicosporium griseum
(4 out of 12), Helicomyces roseus (9 out of 12) and Cancellidium applanatum
(2 out of 12); however, these were general surveys and did not focus on not aero-
aquatic fungi.

Candelabrum brocchiatum, has dichotomously branched conidia with
contiguous lobes, and was the most frequent species recovered from both forest
(DI, KY) at all six freshwater streams in the current study. This species is
considered an ubiquitous species in Thai forests (Sivichai et al., 2000, 2002), and
other tropical areas: Australia, Brunei, Hong Kong and Malaysia (Ho et al., 2001;
Hyde & Goh, 1998; Tsui et al., 2000; Vijaykrishna & Hyde, 2006) and in temperate
waters in Japan (Tsui & Hyde, 2003).

Cancellidium applanatum was also cosmopolitan tropical aero-aquatic
and originally isolated from balsawood test blocks from a lake in Japan (Tubaki,
1975). However, it has since been recovered from submerged decaying leaves
from wood in Malaysia (Webster & Davey, 1980), Queensland, Australia (Shaw,
1994) and Brunei (Fryar et al., 2004), but not common in temperate waters
(Table 4).
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Table 4. The most common aero-aquatic fungi recorded from published studies in tropical and

temperate zones

Place and Reference

Samples

Habitat origin

The most common species
(% occurrence frequency)

Tropical regions

Thailand
(This study)

Thailand
(Sivichai er al., 2000)

Thailand
(Sivichai et al., 2002)

Australia
(Vijaykrishna and
Hyde, 2006)

Australia

(Hyde and Goh, 1998)

Brunei
(Ho et al., 2001)

Hong Kong
(Tsui et al., 2000)

Hong Kong

(Tsui and Hyde, 2004)

Malaysia
(Ho et al., 2001)

Philippines
(Cai et al., 2003)
Temperate regions

China
(Cai et al., 2002)

Japan

(Tsui and Hyde, 2003)

Unidentified woods

Submerged Test Blocks:

Dipterocarpus alatus
Xylia dolabriformis

Submerged Test Blocks:

Dipterocarpus alatus
Xylia dolabriformis

Unidentified woods

Unidentified woods

Unidentified woods

Unidentified woods

Unidentified woods

Unidentified woods

Bamboo and
unidentified woods

Unidentified woods
and tree root

Unidentified woods

UK (Kane ez al., 2002) Beech (Fagus sylvatica)

Six Streams in Doi
Inthanon National
and Khao Yai Parks

Stream at Km 29.2 in
Khao Yai National
Park

Stream at Tad Ta Phu
in Khao Yai National
Park

Stream at the Barron
River

Lake

Stream

Stream

Stream in
Tai Ho Bay

Stream

River

Pool

River

River

Candelabrum brocchiatum (34.5)
Pseudaegerita corticalis (15.4)
Cancellidium applanatum (12.5)
Helicomyces roseus (6.3)
Candelabrum microsporum (4.3)
Helicosporium panachaeum (4.3)

Helicomyces roseus (70)
Scutisporus brunneus (20.84)
Helicosporium griseum-like (7.5)
Candelabrum brocchiatum (5.83)
Helicosporium vegetum-like (5)

Helicomyces roseus (73.3)
Cancellidium applanatum (26.7)
Scutisporus brunnneus (26.7)
Helicosporium vegetum-like (17.5)
Candelabrum brocchiatum (15)

Helicomyces roseus (1.9)
Helicosporium hiospiroides (0.7)
Helicosporium gigasporum (0.3)
Helicosporium griseum (0.3)
Helicosporium decumbens (0.3)

Candelabrum brocchiatum (41)
Helicosporium griseum (7)
Helicosporium guianensis (4)
Clathrosphaerina sp. (1)
Helicoma depressispora (1)
Helicomyces roseus (1)

Helicomyces roseus (5.0)
Candelabrum brocchiatum (2.1)
Helicomyces torquatus (0.7)

Candelabrum brocchiatum (11.3)
Helicosporium griseum (10.3)
Helicosporium pallidum (6)
Helicomyces torquatus (4)
Helicomyces roseus (3.3)

Candelabrum brocchiatum (8.5)
Helicomyces torquatus (8.5)
Helicoma sp. (2.1)
Helicosporium sp. (2.1)

Helicomyces roseus (1.9)
Candelabrum brocchiatum (1.9)
Helicosporium lumbricoides (1.9)
Helicomyces torquatus (1.0)
Spirosphaera floriformis (1.0)

Helicosporium gigasporum (3.5)
Candelabrum brocchiatum (2)

Helicomyces torquatus (3)
Helicomyces roseus (1)

Candelabrum brocchiatum (0.025)
Helicomyces torquatus (0.025)
Helicosporium abuense (0.025)
Helicosporium sp. (0.025)

Helicomyces scandens (2.78)
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