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The present survey documents rain-borne hyphomycetes in stemflow and throughfall of six palm
species on the west coast of India during the monsoon season. A total of 61 species were recovered.
Irrespective of the palms, throughfall was represented by a higher number of species than stemflow.
Pearson correlation was significant and positive between richness of species and conidia with air hu-
midity, air temperature, water temperature and water conductivity. Except for Areca, Shannon diver-
sity was higher in throughfall compared to stemflow. Jaccard’s percent similarity of species in
stemflow was lowest between Cocos vs. Roystonea (16%) and highest between Borassus vs. Caryota

(55.5%), while in throughfall it was lowest between Areca vs. Livistona (16.7%) and highest between
Caryota vs. Cocos and Livistona vs. Cocos (50%).Two-way ANOVA revealed that the richness of spe-
cies and that of conidia were significantly more dependent on palm species than stemflow or
throughfall. The number of rain-borne fungi in palm species exceeded that in the nearby coastal
stream with an overlap of about 40%.
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Ghate S.D., Sridhar K.R. (2015): Houby šířené vodou stékající po kmenech a pro-
kapávající korunami šesti tropických palem. – Czech Mycol. 67(1): 45–58.

Studie podává přehled hyfomycetů, zaznamenaných během monzunového období v dešťové vodě
stékající po kmenech a prokapávající korunami šesti druhů palem rostoucích na západním pobřeží
Indie. Celkem zde byl zjištěn 61 druh. Bez ohledu na druh palmy je ve vodě kapající z korun zastoupe-
no více druhů než v toku na kmeni. Hodnoty Pearsonova koeficientu ukázaly pozitivní korelaci množ-
ství druhů i počtu konidií se vzdušnou vlhkostí, teplotou vzduchu i stékající vody a konduktivitou
vody. S výjimkou areky je u všech druhů palem vyšší Shannonův index diverzity pro korunový průtok
ve srovnání s tokem po kmeni. V druhovém složení hub, hodnoceném Jaccardovým indexem podob-
nosti, je nejvyšší podobnost v toku po kmenech Borassus a Caryota (55.5 %) a nejnižší podobnost
mezi Cocos a Roystonea (16 %), zatímco v korunovém průtoku jsou si nejvíce podobné Caryota s Co-

cos a Livistona s Cocos (50 %), kdežto nejméně Areca a Livistona (16.7 %). Dvoucestná analýza vari-
ance prokazuje, že druhová bohatost a množství konidií závisí více na druhu palmy než na tom, zda
voda teče po kmeni nebo prokapává korunami. Celkový počet druhů hub šířených deštěm na pal-
mách přesahuje počet zjištěný v nedalekém vodním toku, přičemž jen kolem 40 % druhů je shodných.



INTRODUCTION

Canopies of trees constitute complex ecosystems serving as an interface be-
tween atmosphere and terrestrial biomass conducive to the evolution of biota
(Hammond et al. 1977, Nadkarni et al. 2001, Ozanne et al. 2003). The ‘crown hu-
mus’ accumulated in the canopy is the product of decomposed organic matter
(e.g. leaf litter, twigs and inflorescences) which supports a variety of life forms. It
possesses high quantities of exchangeable cations and total nitrogen compared
to the humus that covers the forest floor (Finzi et al. 1998). Besides supporting
a rich fauna (e.g. arthropods, gastropods and annelids), crown humus serves as
a niche for different fungi including water-borne hyphomycetes (Ellwood & Fos-
ter 2004, Gönczöl & Révay 2006, Sridhar 2009). Carroll (1981) and Bandoni (1981)
observed typical freshwater-borne hyphomycetes in stemflow as well as in
throughfall of tree species.

There seems to be a difference in canopy structure as well as in composition
of biota between dicot and monocot plant systems. Tropical regions are endowed
with a variety of wild and cultivated palms having ornamental, aesthetic and eco-
nomic importance (Johnson 1998, Kulkarni & Mulani 2004, Bhat 2011). Fungal di-
versity in tropical palms has been investigated in view of global fungal estimates
and to document cryptic species (e.g. Fröhlich & Hyde 1999). Water-borne fungi
have been reported regularly beyond their favourable lotic habitats (see Sridhar
2009). Canopies constitute one of the major terrestrial habitats outside preferred
aquatic habitats and provide a variety of niches for colonisation by water-borne
fungi (e.g. orchids, ferns, parasitic plants, live foliage, detritus, humus, tree holes,
honey dew and floral honey) (Sridhar 2009). Rain-borne fungi have been reported
from canopies of a variety of riparian and non-riparian tree species in different
regions of the world (Gönczöl 1976, Révay & Gönczöl 2011: Hungary; Bandoni
1981: Canada; Ando & Tubaki 1984: Japan; Czeczuga & Orłowska 1998: Poland;
Gönczöl & Révay 2006: Germany, Hungary, Romania and Sweden; Sridhar et al.
2006: India; Kaufman et al. 2008: USA). In Canada, gymnosperm needles were
evaluated for endophytic aquatic hyphomycetes by Sokolski et al. (2006). Be-
sides, honey dew (Croatia, Greece and Italy) and floral honey (South Africa) in
canopies have also been evaluated for water-borne fungi (Magyar et al. 2005).

To our knowledge, information on the occurrence of rain-borne hypho-
mycetes in palm canopies is lacking. Hence, the objective of the present study is
to document these fungi in six palm species of tropical southwestern India dur-
ing the rainy season. Besides, selected statistical methods were employed to
compare the richness and composition of the fungal communities between
different palms.
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MATERIAL AND METHODS

P a l m s. Mangalore University Campus (12°49' N, 74°55' E; 100 m a.s.l.) having
predominantly lateritic soils possesses up to 20 species of wild, cultivated and or-
namental palms. Six palm species were selected for the study including the wild
fishtail palm (Caryota urens L.), palmyra palm (Borassus flabellifer L.), culti-
vated utilitarian areca nut palm (Areca catechu L.) and coconut palm (Cocos

nucifera L.), and cultivated ornamental fountain palm [Livistona rotundifolia

(Lam.) Mart.] and royal palm [Roystonea regia (Kunth) O.F. Cook]. Four trees of
each selected species were solitary without interference of other tree species
and aged about 20�25 years, growing outside the riparian zone of the nearby
Konaje stream.

S a m p l i n g. During the southwest monsoon period (August 21�26, 2014), be-
fore noon, 15 min. after a pulse of rain, each day about 100 ml water draining
along the stem was collected from four palms in sterile beakers by holding the
rim on the surface of the trunk and stored in sterile bottles. Similarly, about 100
ml water dripping down from the palm canopy was collected onto a spread ster-
ile polythene sheet and transferred to sterile bottles. Air humidity and air temper-
ature at each sampling time were determined adjacent to the trunk of each palm
at about 2 m above the ground in the shade (Thermo Hygro Clock TM-1, Mextech
Digital Thermohygrometer, Mumbai, accuracy ± 1%). Temperature of stemflow
and throughfall were recorded using a thermometer (Solid Stem Stirring Ther-
mometer 17-876, N.S. Dimple Thermometer, New Delhi, accuracy � 0.2 °C). The
pH and conductivity of stemflow and throughfall were determined using a water
analyser (Digital Conductivity Meter 304, Systronics, Ahmedabad). During sam-
pling dates, mean air humidity was high and ranged between 78.7 and 86.7%,
while mean air temperature ranged between 26.1 and 27.1 °C (Tab. 1). Mean val-
ues of temperature of stemflow and throughfall ranged between 23 and 25.3 °C,
pH between 6.8 and 7.2, and conductivity between 43.7 and 141.4 μS/cm.

A s s e s s m e n t o f f u n g i. Within 30 min. of sampling, aliquots of 25 ml
stemflow and throughfall (n = 4) were separately filtered through Millipore filters
(porosity 5 μm; diam. 25 mm) and stained with 0.1% aniline blue in lactophenol.
Each filter was mounted on a glass slide and scanned under a light microscope
(Nikon YS100, Nikon Corporation, Tokyo) for qualitative and quantitative assess-
ment of conidia of rain-borne hyphomycetes. Conidia were identified based on
monographs (Ingold 1975, Nawawi 1985, Marvanová 1997, Santos-Flores &
Betancourt-López 1997, Zhao et al. 2007).

D a t a a n a l y s i s. As abiotic factors do usually not vary drastically, the rela-
tionship between number of species and conidia in stemflow and throughfall of
all palm species vs. abiotic factors was assessed by means of the Pearson correla-
tion analysis (P values, two tailed; confidence intervals of 95%) (SPSS 16.0:
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www.spss.com). Shannon diversity (Magurran 1988) and Pielou’s equitability
(Pielou 1975) of fungi were calculated for each palm species. Jaccard’s percent
similarity of fungal species counts in stemflow and throughfall was calculated
pair-wise between the palms (Kenkel & Booth 1992). Two-way ANOVA was em-
ployed to test the impact of palms on the richness of species and conidia in
stemflow as well as throughfall by employing multiple comparisons using the
Holm-Sidak method (SigmaPlot, version 11, Systat Inc., USA).

RESULTS

A total of 61 staurosporous, scolecosporous and helicosporous species of
rain-borne fungi (Fig. 1) were recovered from the stemflow (Tab. 2) and through-
fall (Tab. 3) of palms, representing 40 vs. 50 species and 1617 vs. 2178 conidia, re-
spectively. The top five species in stemflow and throughfall included Anguillo-

spora crassa, Flagellospora penicillioides and Helicomyces sp.
In stemflow, Cocos showed the highest species richness (22) and Livistona

showed the highest number of conidia (544), while Roystonea was represented
by the lowest number of species (8) as well as conidia (27) (Fig. 2). In throughfall,
species (34) as well as conidial numbers (761) were the highest in Livistona,
while Areca had the lowest number of species (8) and Roystonea the lowest num-
ber of conidia (77). However, Pearson correlation analysis of species richness
against the abiotic factors showed a significant positive correlation with air tem-
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Tab. 1. Humidity, air temperature and physicochemical features of stemflow and throughfall of six
palm species (n = 4, mean ± SD).
Abbreviations: ARCA – Areca catechu; BOFL – Borassus flabellifer; CAUR – Caryota urens; CONU –
Cocos nucifera; LIRO – Livistona rotundifolia; RORE – Roystonea regia.

Palm species Air Stemflow and throughfall (in parentheses)

Humidity

(%)

Temperature

(°C)

Temperature

(°C)

pH Conductivity

(µS/cm)

ARCA 80.7 ± 1.5 26.1 ± 0.1 23.0 ± 0

(23.5 ± 0)

7.0 ± 0.1

(7.2 ± 0.2)

43.7 ± 10.7

(99.0 ± 14.2)

BOFL 78.7 ± 1.2 26.4 ± 0.1 23.5 ± 0

(23.4 ± 0.3)

7.2 ± 0.01

(7.1 ± 0.1)

129.7 ± 25.1

(80.3 ± 9.5)

CAUR 81.4 ± 1.5 26.1 ± 0.1 24.0 ± 0

(24.2 ± 0.3)

7.2 ± 0.02

(7.2 ± 0.1)

81.0 ± 2.0

(71.1 ± 2.1)

CONU 79.3 ± 1.2 26.8 ± 0.1 25.0 ± 0

(24.8 ± 0.3)

7.0 ± 0.1

(7.1 ± 0.1)

82.8 ± 3.8

(63.4 ± 3.9)

LIRO 86.7 ± 1.1 27.1 ± 0.2 25.3 ± 0.3

(25.1 ± 0.3)

7.1 ± 0.1

(7.2 ± 0.02)

118.3 ± 3.0

(141.4 ± 9.0)

RORE 80.3 ± 0.6 26.1 ± 0.2 23.5 ± 0

(23.5 ± 0)

6.9 ± 0.1

(6.8 ± 0.1)

59.6 ± 11.5

(71.1 ± 1.0)



perature (P < 0.001), air humidity (P = 0.028), temperature of stemflow/through-
fall (P < 0.001) and conductivity (P = 0.017). Conidial richness against abiotic fac-
tors followed the same trend as in species richness (P values: air temperature,
0.005; air humidity, 0.023; temperature of stemflow/throughfall, 0.001; conducti-
vity, 0.041) (Tab. 4).
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Fig. 1. Rain-borne hyphomycete conidia found in stemflow and throughfall of palms: a � Campylo-

spora chaetocladia, b � Condylospora spumigena, c � Dwayaangam cornuta, d � Flabellospora

verticillata, e � Helicomyces roseus, f � Isthmotricladia gombakiensis, g � Lemonniera aquatica,
h � Lunulospora curvula, i � Magdalaenaea sp. Scale bar = 20 �m. Photo Sudeep D. Ghate.



Tab. 2. Percent contribution of rain-borne fungal species in stemflow of six palm species.
Abbreviations: ARCA – Areca catechu; BOFL – Borassus flabellifer; CAUR – Caryota urens; CONU –
Cocos nucifera; LIRO – Livistona rotundifolia; RORE – Roystonea regia.

Fungal species Palm species Total

ARCA BOFL CAUR CONU LIRO RORE

Isthmotricladia gombakiensis Nawawi 5.1 3.8 � 1.6 28.5 � 10.0

Anguillospora crassa Ingold 3.4 6.1 24.2 13.4 6.2 � 6.3

Helicomyces sp. � 9.5 3.7 19.3 0.7 � 5.7

Flagellospora penicillioides Ingold 7.6 1.9 25.7 5.1 7.6 � 5.6

Alatospora acuminata Ingold � � � � 7.7 � 5.1

Trinacrium incurvum Matsush. � � � 8.7 � � 4.8

Unidentified sp. 1 (sigmoid conidia) 18.5 � � � � � 4.8

Flabellospora crassa Alas. 11.2 14.2 5.6 4.3 14.8 13.6 4.4

Flagellospora curvula Ingold 19.6 7.9 14.5 10.2 2.0 13.6 4.1

Helicomyces torquatus L.C. Lane & Shearer � 11.0 6.0 � 2.0 � 4.0

Helicosporium virescens (Pers.) Sivan. � � � 7.1 � � 3.9

Helicoma sp. � � � 7.1 � � 3.9

Lemonniera terrestris Tubaki � � � � 5.5 � 3.6

Flabellospora verticillata Alas. � 8.5 1.5 � 4.9 � 2.9

Helicomyces roseus Link � 13.2 3.0 2.4 0.7 � 2.9

Anguillospora longissima (Sacc. & P. Syd.) Ingold 5.1 11.7 3.4 3.5 2.7 6.8 2.6

Helicoma vaccinii Carris � � � 4.7 � � 2.6

Lemonniera aquatica de Wild. 7.6 10.4 0.7 � 5.3 13.6 2.6

Dactylella submersa (Ingold) Sv. Nilsson � � 3.7 � � � 2.2

Flabellospora multiradiata Nawawi � � � 3.2 � � 1.7

Trifurcospora irregularis (Matsush.) K. Ando & Tubaki � � � � 2.6 20.4 1.5

Alatospora pulchella Marvanová 5.1 � � � � � 1.3

Trinacrium subtile Riess 5.1 � � 0.8 2.7 � 1.3

Trinacrium robustum Tzean & J.L. Chen 3.4 � 3.0 � 2.0 11.3 1.1

Curucispora sp. � � 0.7 � 1.8 � 1.0

Cylindrocarpon sp. 3.4 � � � � � 0.9

Dwayaangam cornuta Descals � � 1.5 � � � 0.9

Helicosporium murinum Goos � � � 1.6 � � 0.9

Helicomyces colligatus R.T. Moore � 1.9 � � � � 0.9

Hydrometrospora symmetrica J. Gönczöl & Révay 3.4 � � � � � 0.9

Trisulcosporium sp. � � � � � 13.6 0.9

Dendrospora torulosa Descals & J. Webster � � � 1.2 � � 0.7

Helicoma viridis (Corda) S. Hughes � � � 1.2 � � 0.7

Helicosporium sp. � � 0.7 1.6 � � 0.7

Triscelophorus acuminatus Nawawi � � � 0.8 1.3 � 0.7

Ypsilina graminea (Ingold, P.J. McDougall & Dann)

Descals, J. Webster & Marvanová

� � 2.2 0.8 � 6.8 0.7

Dendrospora juncicola S.H. Iqbal 1.7 � � � � � 0.4
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Fungal species Palm species Total

ARCA BOFL CAUR CONU LIRO RORE

Dendrospora nana Descals & J. Webster � � � 0.8 � � 0.4

Helicosporium guianense Linder � � � 0.8 0.7 � 0.4

Triscelophorus monosporus Ingold � � � � 0.7 � 0.4

Tab. 3. Percent contribution of rain-borne fungal species in throughfall of six palm species.
Abbreviations: ARCA – Areca catechu; BOFL – Borassus flabellifer; CAUR – Caryota urens; CONU –
Cocos nucifera; LIRO – Livistona rotundifolia; RORE – Roystonea regia.

Fungal species Palm species Total

ARCA BOFL CAUR CONU LIRO RORE

Anguillospora crassa Ingold 16.3 11.8 11.3 4.2 12.8 � 6.2

Flagellospora curvula Ingold 39.6 11.8 22.1 1.3 5.9 8.9 5.7

Trifurcospora irregularis (Matsush.) K. Ando & Tubaki � 2.4 � 13.0 6.2 � 5.5

Helicomyces sp. � � � 13.0 2.2 � 4.9

Flagellospora penicillioides Ingold � � 6.9 3.0 6.3 � 4.6

Isthmotricladia gombakiensis Nawawi � � 2.0 5.9 5.1 � 4.2

Flabellospora crassa Alas. 5.9 4.7 8.8 9.8 5.2 19.1 4.0

Helicosporium virescens (Pers.) Sivan. � � � 4.8 � � 3.9

Alatospora acuminata Ingold � � 1.0 8.0 4.3 3.6 3.7

Lemonniera aquatica de Wild. 7.4 � 8.2 5.4 4.8 20.2 3.6

Lunulospora curvula Ingold � � � � 4.0 � 3.6

Lemonniera sp. � � � � 4.0 � 3.6

Alatospora pulchella Marvanová � � 2.0 4.3 � � 2.9

Anguillospora longissima (Sacc. & P. Syd.) Ingold 9.9 7.9 4.9 1.3 7.0 � 2.8

Lemonniera terrestris Tubaki � 4.7 2.9 5.2 4.8 7.1 2.7

Helicomyces roseus Link � � 4.3 4.2 0.8 8.9 2.5

Dactylella submersa (Ingold) Sv. Nilsson � 9.5 4.4 � � � 2.3

Trinacrium robustum Tzean & J.L. Chen � � 1.0 0.4 4.0 � 2.1

Lemonniera pseudofloscula Dyco � � 1.6 � 3.0 � 1.8

Lambdasporium sp. � � � � 2.0 � 1.8

Phalangispora constricta Nawawi & J. Webster � � 2.2 � 1.6 � 1.8

Tridentaria sp. � � � 4.8 0.8 � 1.8

Unidentified sp. 2 (sigmoid conidia) � 11.8 � � � � 1.8

Lemonniera filiformis R.H. Petersen � � 2.2 � � � 1.6

Flabellospora verticillata Alas. � � 1.7 0.4 2.8 7.1 1.4

Helicomyces torquatus L.C. Lane & Shearer � � 1.5 2.2 � � 1.4

Triscelophorus acuminatus Nawawi � 13.0 1.5 � 1.8 3.6 1.4

Trinacrium incurvum Matsush. � � 1.5 3.0 0.8 � 1.2

Isthmotricladia laeensis Matsush. � � 1.0 2.2 0.8 � 1.1

Phalangispora bharathensis T.S.K. Prasad & Bhat � � 1.5 � � � 1.1

Triscelophorus konajensis K.R. Sridhar & Kaver. � � � � 1.2 � 1.1
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Fungal species Palm species Total

ARCA BOFL CAUR CONU LIRO RORE

Ypsilina graminea (Ingold, P.J. McDougall & Dann)

Descals, J. Webster & Marvanová

� � � � 1.1 � 1.0

Curucispora sp. � � 1.5 � 0.8 � 0.9

Helicoma griseum Bonord. � 5.9 � � � � 0.9

Helicosporium sp. � � � 0.9 1.2 � 0.9

Trinacrium subtile Riess 8.9 2.4 1.0 2.2 1.0 5.4 0.9

Heliscella stellata (Ingold & V.J. Cox) Marvanová 5.9 4.7 1.5 � � � 0.8

Dwayaangam cornuta Descals 5.9 � � � � � 0.7

Helicoma viridis (Corda) S. Hughes � � � 0.9 � � 0.7

Magdalaenaea sp. � � � � 0.8 � 0.7

Anguillospora sp. � � � � � 7.1 0.7

Tricladium sp. � � � � 0.8 � 0.7

Triscelophorus monosporus Ingold � 7.1 � � 0.6 5.4 0.6

Helicoma sp. � � 1.0 � 0.4 � 0.5

Campylospora chaetocladia Ranzoni � � 0.5 � � � 0.4

Condylospora spumigena Nawawi � � � � � 3.5 0.4

Dendrospora sp. � � � � 0.4 � 0.4

Helicoma vaccinii Carris � 2.4 � � � � 0.4

Ingoldiella fibulata Nawawi � � � � 0.4 � 0.4

Retiarius sp. � � 0.5 � � � 0.4
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Fig. 2. Richness of species and richness of conidia of rain-borne hyphomycetes in stemflow and
throughfall of six palm species.
Abbreviations: ARCA – Areca catechu; BOFL – Borassus flabellifer; CAUR – Caryota urens; CONU –
Cocos nucifera; LIRO – Livistona rotundifolia; RORE – Roystonea regia.



Tab. 4. Pearson correlation coefficients between species and conidial richness of rain-borne fungi in
six palms against abiotic factors (P values in parenthesis).

Richness Air Stemflow and throughfall

Humidity Temperature Temperature pH Conductivity

Species 0.365

(0.028)

0.588

(<0.001)

0.705

(<0.001)

0.263

(0.121)

0.393

(0.017)

Conidia 0.376

(0.023)

0.453

(0.005)

0.590

(0.001)

0.305

(0.070)

0.342

(0.041)

Except for Areca, Shannon diversity was higher in throughfall than in
stemflow (Fig. 3). Throughfall of Livistona showed the highest Shannon diver-
sity followed by Cocos and was the lowest in Areca. In stemflow, diversity was
the highest in Cocos and the lowest in Roystonea. Pielou’s equitability was the
highest in stemflow as well as throughfall of Borassus, while it was the lowest in
Caryota. Jaccard’s percent similarity of species counts in stemflow among the
palms ranged between 16% (Cocos vs. Roystonea) and 55.5% (Borassus vs.
Caryota), while for throughfall it ranged between 16.7% (Areca vs. Livistona)
and 50% (Caryota vs. Cocos and Livistona vs. Cocos) (Tab. 5).

A two-way ANOVA revealed that species richness was significantly affected
by palm species (P < 0.001) but not by stemflow and throughfall (P = 0.07) (Tab.
6). Based on multiple comparisons with the Holm-Sidak method, we found a sig-
nificant difference in the overall species richness (stemflow + throughfall) be-
tween Livistona and Roystonea (P = 0.003), Livistona and Areca (P = 0.004), and
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Fig. 3. Shannon diversity and Pielou’s equitability of rain-borne hyphomycetes in stemflow and
throughfall of six palm species.
Abbreviations: ARCA – Areca catechu; BOFL – Borassus flabellifer; CAUR – Caryota urens; CONU –
Cocos nucifera; LIRO – Livistona rotundifolia; RORE – Roystonea regia.



Livistona and Borassus (P = 0.004). There was a significant difference in species
richness between stemflow and throughfall of Caryota (P = 0.036). There was
also a significant difference in species richness between stemflow of Livistona

and Roystonea (P = 0.003), throughfall of Livistona and Areca (P < 0.001),
Livistona and Roystonea (P < 0.001), and Livistona and Borassus (P < 0.001).
The conidial richness was significantly dependent on palm species (P = 0.006)
and also a significant difference was seen between the overall conidial richness
(stemflow + throughfall) between Livistona and Roystonea (P < 0.001), and
Livistona and Areca (P = 0.002).

Tab. 6. Two-way ANOVA of the impact of palm species and samples (stemflow and throughfall) on
richness of species and conidia of rain-borne fungi in six palms.
Abbreviations: df – degrees of freedom; F – ratio of two mean square values; P – level of significance.

Treatment Species richness Conidial richness

df F P df F P

Palm 5 8.838 <0.001 5 4.327 0.006

Sample 1 3.605 0.070 1 1.169 0.290

Palm � Sample 5 1.360 0.274 5 0.702 0.627
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Tab. 5. Jaccard’s similarity (%) of rain-borne fungi in stemflow and throughfall of six palm species.
Abbreviations: ARCA – Areca catechu; BOFL – Borassus flabellifer; CAUR – Caryota urens; CONU –
Cocos nucifera; LIRO – Livistona rotundifolia; RORE – Roystonea regia.

Stemflow BOFL CAUR CONU LIRO RORE

ARCA 36.85 30.4 29.0 36.0 29.4

BOFL 55.5 30.7 52.3 25.0

CAUR 31.0 52.0 33.3

CONU 52.3 16.0

LIRO 27.2

Throughfall BOFL CAUR CONU LIRO RORE

ARCA 35.3 25.0 24.0 16.7 28.5

BOFL 27.2 22.5 23.6 30.0

CAUR 50.0 48.7 30.0

CONU 50.0 30.7

LIRO 27.8



DISCUSSION

The oldest reports on the occurrence of aquatic hyphomycetes are from ter-
restrial habitats (see Bärlocher 1992). Many studies have supported Carroll’s
(Carroll 1981) hypothesis that canopies serve as a guild for a variety of fungi (see
Sridhar 2009). Being a macroecological niche, the canopy is one of the major res-
ervoirs of water-borne fungi, replenishing their propagules in streams and other
habitats. The total area of canopy of a specific forest region could be comparable
to the catchment area of a stream (watercourse and boundary). It is not surpris-
ing that rain-borne fungi in the canopy function similarly to those in streams, es-
pecially during the rainy season, and survive on the substrates (leaf litter, wood,
bark, humus and live tissues) during unfavourable conditions. Our study showed
a positive correlation of species as well as conidial richness of rain-borne fungi in
palms with abiotic factors (strong correlation: air temperature and flow water
temperature; relatively weak correlation: air humidity and conductivity). Palm
species has a stronger impact on species/conidial richness than only tempera-
ture, as is seen from the Pearson coefficients.

Canopies are known to provide microhabitats for fungal colonisation and
stratification (Hedger 1985). The zonation of fungi in canopies may depend on
the canopy structure of a specific tree species (e.g. branching, total surface area,
crevices/holes and leaf/stem/bark features), availability of detritus, and
allellopathic impacts. Unlike dicot tree species, palm canopies may support
a higher accumulation of autochthonous and allochthonous litter and sediment.
However, tree species associating epiphytes such as ferns, orchids and parasitic
plants have the additional advantage of accumulating higher quantities of litter
and humus than those lacking such association. For instance, Borassus and
Cocos accommodate orchids (e.g. Vanda) and ferns (e.g. Drynaria). Besides,
palms vary in their ability to shed or retain senescent/dead leaves, which may in-
fluence the occurrence of rain-borne fungi in stemflow and throughfall. Based on
the extent of leaf shedding (or retention of drooping senescent/dead leaves), it is
possible to roughly grade the palms studied from most to least shedding: Cocos <
Areca < Borassus < Caryota < Roystonea < Livistona. However, the species and
conidial richness in our study did not match exactly with the above sequence, al-
though it is likely that the stemflow of palms partly consists of washings of erect
(young) and senescent/dead (drooping) leaves at least in some palms, so that the
stemflow also contains fungal spores found in throughfall.

Filtering stemflow, throughfall and water accumulated in tree holes is an easy
method to assess the occurrence of rain-borne fungi in canopies. Other methods
like incubation of trapped litter or part of the host (in still water and bubble
chamber) and baiting canopy humus/sediment onto sterile leaf disks provide fur-
ther insights into functional attributes of rain-borne fungi in canopies. The pres-
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ent observation on the occurrence of rain-borne fungi in tropical palms is inter-
esting, since a wide variety of known and unknown staurosporous, scoleco-
sporous and helicosporous species were obtained. Although the palm species
studied are located in the same geographic region, species richness in stemflow
and throughfall differed widely (Jaccard’s similarity, 16�55.5%). Richness of spe-
cies as well as conidia showed a more or less increasing trend from Roystonea

through Areca, Borassus, Caryota, and Cocos to Livistona. When pooling data
from all palms, throughfall contained a higher number of species as well as
conidia than stemflow. Two-way ANOVA revealed a strong dependence of fungal
species richness and conidial counts on palm species rather than stemflow and
throughfall, which was also supported by Jaccard’s similarity, which showed
a wide variation between palm species.

Our study revealed presence of a mosaic of conidia from true aquatic hypho-
mycetes, pseudo-aquatic hyphomycetes and aero-aquatic helicosporous conidial
fungi in palm canopies. Occurrence of a wide variety of rain-borne fungi in cano-
pies reveals that many of them have adopted an endophytic lifestyle. Occurrence
of conidia in stemflow and throughfall alone, however, does not provide defini-
tive evidence of fungal functions in canopies. Our study revealed that 5% of
conidia trapped on filters had germinated, providing evidence that they are alive
and that the fungi presumably have a role in canopies (e.g. decomposition). The
number of rain-borne fungi in stemflow and throughfall in 14 non-riparian dicot
tree species studied in the same region (Sridhar & Karamchand 2009) were al-
most equivalent to that of the six palm species in the present study (63 vs. 61 spe-
cies). However, the species richness in non-riparian dicots as well as palms was
higher than species richness in the nearest Konaje stream (63 vs. 25 species) with
an overlap of up to 40% (Sridhar & Kaveriappa 1984, Sridhar & Karamchand 2009,
Sridhar & Sudheep 2010, Sridhar et al. 2013; Sridhar unpubl. obs.). Occurrence of
several unidentified conidial forms supports the assumption that canopies
provide niches for hitherto undescribed species.

Several potential questions need to be addressed based on the present and
earlier studies on rain-borne fungi in tree canopies. Do palms accommodate more
rain-borne fungi than other tree species? Does the composition of rain-borne
fungi in riparian palms differ from non-riparian palms? Are rain-borne fungi in
palm canopies zone-dependent? Should we look for sexual states of rain-borne
hyphomycetes in canopies? What are the roles of rain-borne fungi in nutrient cy-
cles in canopies? Appropriate molecular approaches may certainly answer some
of these questions more precisely. We are currently applying molecular tools to
investigate such questions in our laboratory.
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