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The presence of 33 Hyphomycetes species was noted in rainwater falling from six roof types. The following fungi were 
recorded for the first time from Poland: Dactylaria lunate, Hyaloscypha zalewskii, Scolecobasidium flagelUferum and 
Wiasneriomyces laurinus. 
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Spores of typical Hyphomycetes were initially reckoned 
among algae and frequently described as new species 
(Reunsch, 1888). A few years later, the presence of 
several Hyphomycetes species was detected in the 
aquatic environment (de Wildeman, 1893). However, 
systematic studies of this group were launched not earli- 
er than with Ingold's report ( Ingold, 1942) on great num- 
bers of conidial fungi, now included among Hyphomy- 
cetes, that grew on leaves that had fallen into water. 
This stormy period of studies on the aquatic Hyphomy- 
ceres (see Dudka, 1985; B~rlocher, 1992), revealed that 
certain Hyphomycetes species occurred in two environ- 
ments. It was established that beside the aquatic en- 
vironment, a number of Hyphomycetes species could be 
found on decayed leaves (Bandoni, 1972; Singh and 
Musa, 1977), on tree roots in soil (Waid, 1954; Nemec, 
1969; Fisher and Petrini, 1989), in forest bedding (Dyko, 
1976; G6ncz61 and R6vay, 1983), on blades of grass 
(M~ikel~i, 1972), on forest tree leaves (Dyko, 1976) and 
on trees growing separately (Czeczuga and Or]/owska, 
1994). Recent studies showed that rainwater falling 
from trees also had conidia of a number of Hyphomy- 
ceres species (Ando and Tubaki, 1984a, b; Czeczuga and 
Ortowska, 1994). 

In our studies on the aquatic Hyphomycetes (Czeczu- 
ga et al., 1989; Czeczuga and Ortowska, 1993, 1995, 
1996) and aero-aquatic fungi (Czeczuga and Ortowska, 
1994) in northeastern Poland, we focused on the occur- 
rence of Hyphomycetes conidia in rainwater falling from 
urban building roofs. The studies were carried out in 
September 1995 in the vicinity of Biatystok (22o43 ' E, 
53~ 1 50m above sea level). Average annual rain- 
fall is 600 mm and insolation 22.4 kJ cm -2. Mean an- 
nual temperature is 6.4~ (maximum 18.4~ in July and 
minimum - 4 . 3 ~  in January). Rain water draining dur- 
ing a storm was collected from the following six roof 
types: sheet copper (A), sheet zinc (B), red tiled (C), as- 
bestic tiled (D), tar paper (E) and thatch (F). Just before 
the storm, a sterilized dish (40 x 30 cm) was situated un- 

der a gutter of each of the roofs to collect the required 
amount of rainwater. 

To determine the presence of conidia of Hyphomy- 
cetes species in the rainwater, two procedures were em- 
ployed: part of each sample of rainwater was examined 
by the method described by Ando and Tubaki (1984a); a 
second part (300 ml) was poured into a sterilized 500-ml 
beaker, and cellophane and snake exuviae were added as 
bait. The baits were cut into small pieces and boiled 
several times, each time with fresh water. During a 1- 
mo period, any cluster formed on the bottom or side walls 
of the beaker, and the surface film of the water, were ex- 
amined under a light microscope. The rules of the fun- 
gus culture included in the work of Dudka (1985) were 
obeyed. Identification of respective species was based 
on morphology and biometric data of conidia, contained 
in the keys (Nilsson, 1964; Dudka, 1974; Ingold, 1975; 
Br,~lthen, 1984; Matsushima, 1993) and in the works of 
the authors who were the first to describe a respective 
species. 

In rainwater falling from six roof types, 33 fungus 
species of the Hyphomycetes were identified (Table 1). 
A few species belong to the aquatic group, but the 
majority belong to the non-aquatic group. The aquatic 
Hyphomycetes included such species as Angulospora 
aquatica Nilsson, Clavariana aquatica Nawawi, Colispora 
elongata Marvanov~, Gyoerffyella tricapillata (Ingold) 
Marvanov~, Sporidesmiella hyalosperma (Corda) Kirk, 
Tricladium procerum Marvanov~ and Wiesneriomyces 
laurinus (Tassi) Kirk. The non-aquatic fungi included 
rare species, like Acrodictys similis Holubov~-Jechovdi, 
Arborispora palrna Ando, Beverwykella pulmonaria (van 
Beverwijk) Tubaki, Corynesporella superioramifera Ma- 
tsushima, Hyaloscypha lignicola Abdullah et Webster, 
Pithomyces obscuriseptatus Matsushima and Veramyces 
manuensis Matsushima. Four species, Dactylaria lunate 
Tzean et Chen, Hyaloscypha zalewskii Descals et Web- 
ster, Scolecobasidium flagelliferum Matsushima and W. 
laurinus, were new to Poland. 
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Table 1. Hyphomycetes found in rainwater falling from six roof types. 

Species 
Roof type a) 

A B C D E F 

Acrodictys similis x x 

Act inospora megalospora x 

Angulospora aquatica x x x 

Arborispora palma x 

Arbusculina irregularis x x x x 

Beverwykella pulmonaria x x x 

Canalisporium caribense x x x x x x 

Catenomycopsis rosea x x 

Clavariana aquatica x x x 

Colispora elongata x 

Corynespora cubensis x 

Corynesporella superioramifera x x 

Dactylaria lunata x 

Gyoerffyella tricapillata x 

Heliscus lugdunensis x x 

Hyaloscypha lingicola x x 

Hyaloscypha zalewski i  x 

Lunulospora curvula x 

Mirandina corticola x 

Neta patuxentica x 

Ordus tribrachiatus x 

Pithomyces obscuriseptatus x 

Scolecobasidium flagell iferum x 

Speiropsis pedatospora x x x x 

Sporidesmiella hyalosperma x 

Titaea clarkeae x x 

Tricellula aquatica x 

Tricelulla inaequalis x x x 

Tricladium procerum x 

Trinacrium subtile x x 

Tripospermum infalcatum x 

Veramyces manuensis x x x 

Wiesneriomyces laurinus x 

Number of species 15 7 12 10 10 7 

a) A: sheet copper; B: sheet zinc; C: red tiled; D: asbestic tiled; E: tar paper; F: 
thatch. 

A n g u l o s p o r a  a q u a t i c a  was described by Nilsson 
(1962) from leaves decaying in water  in Venezuela. 
Later, it was observed in Malaysian waters (Dudka, 
1985). Clavar iana  a q u a t i c a  was also reported from 
stream foam samples in Malaysia (Descals et al., 1976). 
The present study is the first to report the occurrence of 
these fungi on the roofs as new habitats. We found A. 
a q u a t i c a  in rain water  fall ing from sheet zinc, asbestic 
t i led and tar paper roofs, and C. aqua t i ca  in samples col- 
lected from red tiled, sheet copper and thatched roofs. 
Col i spo ra  e l o n g a t a  and Tr ic lad ium p r o c e r u m  were first 
isolated by Marvanov~ (1988) from stream water  in the 
Low Carpathians in Slovakia. Other species of the ge- 
nus Tr i c lad ium have been frequent ly observed in the ter- 

restrial condit ions (Ando, 1992). Gyoer f f ye l l a  t r icapi l la-  

ta was init ially described as I ngo ld ia  t r i cap i l la ta  Ingold 
from decaying leaves in water  in Great Britain (Ingold, 
1964), and later it was found in several water f lows in the 
former Soviet Union (Dudka, 1985). Therefore, it is 
regarded as a typical aquatic fungus, one of the seven 
species of the genus Gyoer f f ye l l a  (Dudka and Melnik, 
1990). Its presence in rainwater fall ing from a red ti led 
roof is the first report of this fungus in non-aquatic condi- 
tions. 

Spor idesmie l l a  h y a l o s p e r m a  and W. l au r i nus  were 
observed in rainwater fall ing from a sheet copper roof. 
The former was first described from leaves in a stream in 
Malaysia (Kuthubutheen and Nawawi ,  1993), whi le the 
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latter was encountered at several different sites (Kirk, 
1984; Kuthubutheen and Nawawi, 1988), mostly on 
fallen leaves. 

Acrodictys similis was observed in samples of rain- 
water collected from sheet copper and thatched roofs. 
This species was found on dead bamboo twigs on Juven- 
tud island in Cuba (Holubov~t-Jechov& and Mercado 
Sierra, 1984). Rainwater falling from a red tiled roof 
also displayed the presence of A. palma, which was first 
described by Ando and Kawamoto (1986) from rainwater 
falling from an oak Quercus sp. in Japan. Our finding is 
the second site of this fungus. Beverwykella pulmonar- 
ia, first found in Holland and England on fallen birch 
leaves in rainwater (van Beverwijk, 1954) and later on 
fallen leaves in Japan (Tubaki, 1975; Tubaki and 
Takamura, 1985), was observed in our studies in rain- 
water falling from sheet copper, red tiled and tar paper 
roofs. Hyaloscypha zalewskii is also an interesting fun- 
gus, described in the previous century as Clathrosphaera 
spirifera Zalewski (Zalewski, 1888). It turned out to be 
a holomorphic species, in which Clathrosphaerina 
zalewskii van Beverwijk (van Beverwijk, 1951) and H. 
zalewskii were included (Descals and Webster, 1976). 
We observed the growth of H, zalewskii in rainwater fall- 
ing from a thatched roof. Two other species of fungus 
were also found in roof rainwater that had previously 
been observed exclusively in land conditions (petiolo 
putrescenti in Park). These were C, superioramifera (in 
Cuyabeno National Park, Ecuador) and V. manuensis (in 
Manu National Park, Peru). On the other hand, P. ob- 
scuriseptatus and S. flagelliferurn were found on a 
decaying petiole in the tributary of Rio Amazonas (Ma- 
tsushima, 1993). Worth noting is also the finding of two 
speceis of the genus Tricellula van Beverwijk in rainwater 
falling from roofs. We found T. aquatica Webster only in 
sheet copper roof water, and T. inaequalis van Beverwijk 
in the water falling from sheet copper, sheet zinc and tar 
paper roofs. Tricellula aquatica was previously encoun- 
tered on leaves decaying in water in England (Webster, 
1959) and in other countries, although always in the 
aquatic environment (Carmichael et al., 1980; Dudka, 
1985). This fungus is also known to occur in soil 
(Domsch and Gams, 1970), on fallen leaves (Hudson and 
Sutton, 1964) and on cultivated grass leaves (M~kelw 
1972). On the other hand, 7-. inaequalis was found in 
the air in Norway (van Beverwijk, 1954) and later in other 
land conditions (Koske and Duncan, 1974; Matsushima, 
1987). 

We should also focus our attention on D. lunata and 
Neta patuxentica Shearer et Crane. We observed D. lu- 
nata in rainwater falling from a thatched roof, and N. 
patuxentica from a red tiled roof. Dactylaria lunata was 
first described from fallen parts of twigs in a recreation 
forest in Taiwan (Tzean and Chen, 1991). Neta patux- 
entica was found in the water of the Patuxent River in the 
USA (Shearer and Crane, 1971), and later it was ob- 
served in forest bedding in Hungary (G6ncz61 and R~vay, 
1983). 

Canalisporium caribense (Holubov~-Jechov~ et Mer- 
cado Sierra) Nawawi et Kuthubutheen was found to 

grow in rainwater of all the six roofs examined. This 
fungus was first described in terrestrial conditions in 
Cuba (Holubovd-Jechovd and Mercado Sierra, 1984), 
then encountered on branches immersed in a stream in 
Malaysia (Nawawi and Kuthubutheen, 1989). In our 
study of hyphomycetes of several dozen springs of the 
Knyszyr~ska Forest in various seasons of the year, C. 
caribense was quite common (Czeczuga and Ortowska, 
1996). However, it was found in spring water only in 
summer. 

The present study reveals that certain Hyphomy- 
cetes species can grow on the roofs of buildings covered 
with different materials both in rural and urban areas. 
The fungi found included some having other habitats, 
e.g., tree leaves, and their conidia were carried to roofs 
by wind. However, for most of the Hyphomycetes spe- 
cies found, organic matter lodged in irregularities in the 
roof's surface provides a substratum, and short-lasting 
morning damp and rainwater may help in sporification 
(Tubaki et al., 1985). It can be assumed that not only 
conidia but also mycelia of these fungi are able to survive 
dry weather periods. This supposition is substantiated 
by the data obtained in recent years by Sridhar and 
Kaveriappa (1988). It was found that aquatic fungi 
growing on Coffea arabica Linnaeus and Hevea brasilien- 
sis Mueller et Argan, leaves collected from the water of a 
small stream and then kept in the laboratory under dry 
conditions for 360d,  continued to grow on being 
returned to an aquatic environment. These were aquatic 
fungi of the Hyphomycetes genus. The data provide evi- 
dence of the mechanisms of adaptation of aquatic fungi 
to habitats in waters which periodically dry up during the 
year. In such cases, the fungi begin to develop as soon 
as the water returns. 

Most Hyphomycetes species were found to develop 
in rainwater samples from sheet copper, the fewest from 
sheet zinc and thatch. This finding is difficult to inter- 
pret, but it may be associated with the size and degree of 
unevenness of the roof surface (which can facilitate the 
arrest of organic matter and conidia). Among the roofs 
examined, sheet copper had the largest and most uneven 
surface, which was connected with the roof construc- 
tion, and sheet zinc was the smoothest, while the thatch- 
ed roof was the smallest. The texture of each roof may 
also be a factor which affects the number and flora of in- 
habiting fungi. Thus, the number of species found is 
probably a result of all these factors. 

Literature cited 

Ando, K. 1992. A study of terrestrial aquatic Hyphomycetes. 
Trans. Mycol. Soc. Japan 33:415-425. 

Ando, K. and Kawamoto, I. 1986. Arborispora, a new genus of 
Hyphomycetes. Trans. Mycol. Soc. Japan 27:119-128. 

Ando, K. and Tubaki, K. 1984a. Some undescribed hyphomy- 
cetes in the rain drops from intact leaf-surface. Trans. 
Mycol. Soc. Japan 25: 21-37. 

Ando, K. and Tubaki, K. 1984b. Some undescribed hyphomy- 
cetes in rainwater draining from intact trees. Trans. Mycol. 
Soc. Japan 25: 39-47. 



450 B. Czeczuga and M. Or~'owska 

Bandoni, R.J. 1972. Terrestrial occurrence of some aquatic 
hyphomycetes. Can. J. Bot. 50: 2283-2288.  

B~irlocher, F. 1992. The ecology of aquatic Hyphomycetes. 
Springer-Verlag, Berlin. 

Br~lthen, I. 1984. The aquatic stauroconidial Hyphomycetes 
of Norway with notes on the Nordic species. Nord. J. Bot. 
4: 375-392. 

Carmichael, J. W., Kendrick, W. B., Conners, I. L. and Sigler, L. 
1980. Genera of Hyphomycetes. Univ. Alberta Press, Ed- 
monton, Canada. 

Czeczuga, B. and Od'owska, M. 1993. Hyphomycetes in the 
river Supra~l in various seasons of the year with reference to 
environmental conditions. Int. Revue Ges. Hydrobiol. 78: 
611-630. 

Czeczuga, B. and OrXowska, M. 1994. Some aquatic fungi of 
Hyphomycetes on tree leaves. Ann. Med. Univ. 
Bialostocensis 39: 86-92. 

Czeczuga, B. and Or~'owska, M. 1995. Attractiveness of 
leaves to twenty-f ive tree species for aquatic Hyphomy- 
cetes representatives. Ann. Acad. Med. Bialostocensis 40: 
233-242. 

Czeczuga, B. and Or~'owska, M. 1996. Hyphomycetes in twen- 
ty springs of the Knyszyn-Biatystok Forest in various sea- 
sons. Int. Revue Ges. Hydrobiol. 81: 417-433.  

Czeczuga, B. Or~'owska, M. and Woronowicz, L. 1989. Some 
rare species Hyphomycetes in north-eastern Poland. Acta 
Mycol. 25: 5-20. 

Descals, E. C., Nawawi, A. and Webster, J. 1976. Develop- 
mental studies in Actinospora and three similar aquatic 
hyphomycetes. Trans. Br. Mycol. Soc. 67: 207-222. 

Descals, E.C. and Webster, J. 1976. Hyaloscypha: perfect 
state of Clathrosphaerina zalewskii. Trans. Br. Mycol. Soc. 
67: 525-528. 

De Wildeman, E. 1893. Notes mycologiques IV. Ann. Soc. 
Beige Microsc. 17: 35-68. 

Domsch, K.H. und Gams, W. 1970. Pilze aus Agrarboden. 
Fischer, Stuttgart. 

Dudka, I. O. 1974. Wodni hifomiceti Ukraini. Naukova Dumka, 
Kijew. 

Dudka, I.A. 1985. Vodnyje nesovershennyje griby SSSR. 
Naukova Dumka, Kiev. 

Dudka, I. A. and Melnik, V. A. 1990. Hyphomycetes of the ge- 
nus Gyoerffyella Kol in the USSR. Mikol. Fitopatol. 24: 
13-21. 

Dyko, B.S. 1976. A preliminary study of aquatic hyphomy- 
ceres on leaves in forest and stream litter. J. Tennessee 
Acad. Sci. 51: 7-8. 

Fisher, P. J. and Petrini, O. 1989. Two aquatic hyphomycetes 
as endophytes in Alnus glutinosa roots. Mycol. Res. 92: 
367-368.  

G6ncz61, J. and R6vay, A. 1983. Observations on the 
hyphomycetes inhabiting forest litter of Hungary. Acta 
Bot. Hung. 29: 107-125. 

Holubov&-Jechov~, V. and Mercado Sierra, A. 1984. Studies 
on Hyphomycetes from Cuba I1. Hyphomycetes from the 
Isla de la Juventud. (~eska Mykol. 38: 96-120. 

Hudson, H.J. and Sutton, B.C. 1964. Trisulcosporum and 
Tetranacrium, two new genera of Fungi Imperfecti. Trans. 
Br. Mycol. Soc. 47 :197 -203 .  

Ingold, C.T. 1942. Aquatic Hyphomycetes of decaying alder 
leaves. Trans. Br. Mycol. Soc. 25: 339-417. 

Ingold, C.T. 1964. A new species of Ingoldia from Britain. 
Trans. Br. Mycol. Soc. 47: 103-107. 

Ingold, C. T. 1975. An illustrated guide to aquatic and water- 
borne Hyphomycetes (Fungi Imperfecti) with notes on their 
biology. Fresh. Biolog. Assoc. Sci. Publ. 30: 1-96. 

Kirk, P. M. 1984. Volutellaria laurina Tassi, an earlier name for 

Wiesneriomyces javanicus Koorders. Trans Br. Mycol. 
Soc. 82: 748-749. 

Koske, R. E. and Duncan, I.W. 1974. Temperature effects on 
growth, sporulation and germination of some "aquatic" 
Hyphomycetes. Can. J. Bot. 52: 1387-1391. 

Kuthubutheen, A. J. and Nawawi, A. 1988. A new species of 
Wiesneriomyces (Hyphomycetes) from submerged 
decaying leaves. Trans. Br. Mycol. Soc. 90: 619-625. 

Kuthubutheen, A.J.  and Nawawi, A. 1993. Three new and 
several interesting species of Sporidesmiella from sub- 
merged litter in Malaysia. Mycol. Res. 97 :1305-1314 .  

Marvanovd, L. 1988. New Hyphomycetes from aquatic en- 
vironments in Czechoslovakia. Trans. Br. Mycol. Soc. 90: 
607-617. 

Matsushima, T. 1987. Matsushima Mycological Memoirs 
No. 5. Published by the author. Kobe, Japan. 

Matsushima, T. 1993. Matsushima Mycological Memoirs 
No. 7. Published by the author. Kobe, Japan. 

M~kel~i, K. 1972. Some aquatic Hyphomycetes on grasses in 
Finland. Karstenia 13: 16-22. 

Nawawi, A. and Kuthubutheen, A.J.  1989. Canalisporium, a 
new genus of lignicolous hyphomycetes from Malaysia. 
Mycotaxon 34: 475-487.  

Nemec, S. 1969. Sporulation and identification of fungi isolat- 
ed from root-rot-disease strawberry plants. Phytopatholo- 
gy 5 9 : 1 5 5 2 - 1 5 5 3 .  

Nilsson, S. 1962. Some aquatic Hyphomycetes from South 
America. Svensk Bot. Tidskr. 56: 351-361.  

Nilsson, S. 1964. Freshwater Hyphomycetes. Taxonomy, 
morphology and ecology. Symb. Bot. Uppsal. 18: 1-130. 

Reunsch, P.F. 1888. Familiae Polyedriearum Monographia. 
Notarisia 3 :495 -516 .  

Shearer, C. A. and Crane, J. L. 1971. Fungi of Chesapeake Bay 
and its tributaries. I. Patuxent river. Mycologia 63: 
237-260. 

Sridhar, K. R. and Kaveriappa, K. M. 1988. Survival of water- 
borne fungi imperfecti under non-aquatic conditions. Proc. 
Indian Nat. Sci. Acad. B54: 295-297. 

Singh, N. and Musa, T.M.  1977. Terrestrial occurrence and 
the effect of temperature on growth, sporulation and spore 
germination, of some tropical aquatic hyphomycetes. 
Trans. Br. Mycol. Soc. 68: 103-106. 

Tubaki, K. 1975. Notes on the Japanese Hyphomycetes VI. 
Candelabrum and Beverwykella gen. nov. Trans. Mycol. 
Soc. Japan 16: 132-140. 

Tubaki, K. and Takamura, C. 1985. List of Fungi Imperfecti in 
Tsukuba area (11). Aero-aquatic fungi. Tsukuba Environ. 
Stud. 9: 32-41. 

Tubaki, K., Tokumasu, S. and Ando, K. 1985. Morning dew 
and Tripospermum (Hyphomycetes). Bot. J. Linnean Soc. 
91: 45-50.  

Tzean, S. S. and Chen, J. L. 1991. Two new species of Dac- 
tylaria from Taiwan. Mycol. Res. 95: 1000-1004. 

Van Beverwijk, A.L.  1951. Zalewski's "Clathrosphaera 
spirifera'. Trans. Br. Mycol. Soc. 34: 280-290. 

Van Beverwijk, A.L.  1954. Three new fungi: Helicoon 
pluriseptatum n. sp., Papulaspora pulmonaria n. sp. and 
Tricellula inaequalis n. gen., n. sp. Antonie van Leeuwen- 
hock 20 :1 -16 .  

Waid, J. S. 1954. Occurrence of aquatic hyphomycetes upon 
the root surfaces of beech grown in woodland soil. Trans. 
Br. Mycol. Soc. 45: 420-421. 

Webster, J. 1959. Tricellula aquatica sp. nov., an aquatic 
hyphomycete. Trans. Br. Mycol. Soc. 42: 416-420.  

Zalewski, A. 1888. Przyczynki do ~ycioznawstwa grzyb6w. I. 
Clathrosphaera spirifera. Rozpr. i Sprawozd. z Posiedze~ 
Wydzia~'u Mat.- Przyrod. Krak6w 18: 153-190. 


