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Aquatic hyphomycete conidia in transport at four sites in two second-order streams in the Borzsony
Mountains, Hungary were analysed in April, October and November. The streams differed in dis-
charge, water chemistry, distribution and composition of leaf litter in the streambed. Both the
conidial concentrations and the numbers of aquatic hyphomycete species were significantly higherin
the moderately hardwater, slow-flowing Deszkametsz6 stream than in the softwater, fast-flowing
Bagolybiikk stream. Opposite patterns of changes in conidial concentrations in a downstream direc-
tion were obtained in the two tributaries. Conidial numbers and discharge changed in a contrary di-
rection in both streams. The relatively high conidial concentrations (more than 20,000 conidia L")
appear to be a general pattern in low-order streams with slow-flowing shallow water, low discharge
and meandering streambed filled with a continuous layer of leaf litter. In total 66 fungal species were
distinguished whose 60% occurred in both streams. Four species - Alatospora acuminata, Clava-
riopsis aquatica, Flagellospora curvula and Tetrachaetum elegans - occurred among the top-ranked
species at all sites of the two streams.
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INTRODUCTION

Aquatic hyphomycetes (INGOLD 1942) are one ofthe groups of stream micro-
organisms decomposing allochthonous plant litter in woodland streams (BAR-
LOCHER 1992a). To understand better their spatial and temporal distributionin dif-
ferent types of streams species composition and concentrations of the conidia in
transport have been studied for a long time. From many studies it is obvious that
water chemistry plays an important role in structuring fungal communities (BAR-
LOCHER and ROSSET 1981, WOOD-EGGENSCHWILERand BARLOCHER 1983,
MARVANOVA 1984, BARLOCHER 1987). Some other studies suggested the impor-
tance of altitude or factors associated with it (CHAUVET 1991, FABRE 1996). The
effect of the composition of allochthonous litter and stream hydraulics on the oc-
currence and abundance of aquatic hyphomycetes in streams is less known.

Spatial distributionof the aquatic hyphomycetes on eleven sites in the catch-
ment area of the Morg6 stream has recently been studied (GONCZOL et al. 1999,
GONCZOL and REVAY 1999, 2003). A comprehensive statistical analysis of earlier
data suggested that the effect of abiotic habitat variables and substrate composition
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in determining fungal communities were both important, but not to the same de-
gree (GONCZOL et al. 2003). The results of canonical correspondence analysis sug-
gested that altitude, water hardness and conductivity were the major factors corre-
lated with the distribution of individual species. At the same time we still know lit-
tle about the composition of conidial communities and conidial concentrations in
low-order, small streams in the Morgé stream system. There are little data in the
literature on conidial concentrations, amount of allochthonous substrates and dis-
charge in small streams. It is well known that the major peak in conidial numbers in
forested streams in temperate climates coincides with leaf fall (IQBAL and WEB-
STER 1973, BARLOCHER and ROSSET 1981, SHEARER and WEBSTER 19856).
However, we know little how stream hydraulics affects the structure and quantity
of substrates and the spore concentrations in stream water.

Therefore the objectives of this study were: 1) to survey the structure and esti-
mate quantity of the leaf litter in two second-order tributaries differing in hydro-
logical features in the Morg6 stream system, and 2) to analyse the species composi-
tion and conidial numbers of aquatic hyphomycetes in these small streams.

MATERIALS AND METHODS

The study was conducted on the Deszkametszé and Bagolybiikk streams, two second-order
tributaries of the Morg6 stream (Borzsény Mts, Hungary). Two sampling sites were chosen in each
stream (DI, D2,Bl, B2inFig. 1).

Five water samples (5x 150 ml) were taken at each sampling site on 21 April, 25 October and
29 November 2001. Immediately after collection the water samples were passed through Whatman
Isopore polycarbonate membrane filters (25 mm diam, 8 pm pore size) using pneumatic pumps
(Antlia Pressure Filtration System, Schleicher & Schuell, Dassel, Germany). The conidia trapped on
the filters were stained with cotton blue in lactic acid. The entire surface of each filter was thoroughly
scanned at 250-400x magnification and the conidia were identified and counted. The number of
conidia per litre of water was then calculated.

The stream sites were characterised by geographical and some physicochemical parameters.
Water temperature, pH, conductivity, total hardness and discharge were measured in the field on each
sampling occasion (Table 1). Discharge was calculated by measuring the current velocity with apro-
peller-type current meter (FP 101 Flow Probe, Global Water Instrumentation, USA).

The species composition of the leaf litter in the streambed was estimated by randomly taking
500 pieces of leaves collected in October and November from ca 300-500 m long sections of the
streams above each sampling site. The leaves were identified, counted and their relative frequencies
were calculated (Table 2).

The /-test was used for testing differences inwater chemistry and in total number of species be-
tween streams and for comparison of conidial concentrations at the sites of each stream.



Fig. 1. Location of the sampling sites in the Morg6 catchment area. Dashed line = boundary of the
catchment area. Oblique hatching = village. O = Sites in the present study, « = previously studied sites.



Table 1. Physicochemical and hydrological data of the sampling sites at the Deszkametsz§ (Desz)
and Bagolybiikk (Bag) streams (* = P < 0.05; **=P<0.01, t = Desz v. Bag).

Desz-1 Desz-2 Bag-1 Bag-2 t
altitude (m) 305 235 408 293
distance from the spring (km) 13 32 3.0 5.6
temperature (°C) 3.5-9.2 1.0-9.4 2.0-8.1 4.0-9.8
discharge (Ls*) mean 0.8 838 9.2 50
pH, mean 79 8.2 74 7.4 2.69*
conductivity (pS cm™), mean 260 270 117 127 5.17**
total hardness (°d), mean 11.6 9.8 55 6.3 3.64*

RESULTS

The physicochemical and hydrological characteristics of the two streams at
the sampling sites are given in Table 1. The chemical data show that the Deszka-
metsz6 is a moderately hardwater stream, whereas the Bagolybikk is a typical
softwater stream. The means for pH, conductivity and total hardness were signifi-
cantly different between the streams. Stream discharge was generally the lowest at
the upper site of the Deszkametsz6 and the highest at the upper site of the
Bagolybukk.

The analysis of the leaf substratum collected from the streambed above the
study sites showed differences in the composition of leaf litter not only between
the two streams but also between the sites along each stream, especially in the
Bagolybikk stream (Table 2). The leaves of hornbeam (Carpinus betulus), beech
(Fagus sylvatica) and linden (Tilia cordata) were the main components ofthe litter
in the streambed at both sites of the Deszkametsz§. The leaves of hornbeam and
beech were most abundant at the upper site of the Bagolybikk, while maple (Acer
campestre) and alder (Alnus glutinosa) were the most frequent tree species at the
lower site of this stream.

The fungal species encountered in the streams are listed in Table 3. A total of
66 fungal species was distinguished, 11 of which could not be identified at the ge-
neric level. Significantly higher numbers of species were observed in the Deszka-
metszd than in the other stream, however the species number of the samples col-
lected in November were closely similar to each other (Table 4). The total number
of species was 58 in the Deszkametsz6 and 49 in the Bagolybikk (Table 3).

The average numbers of conidia per litre of stream water were always consid-
erably higher in the Deszkametsz6 than in the Bagolybikk. The highest conidial



Table 2. Percentage composition of the leaf litter in the streambed above the sampling sites of the
two streams.

Species Deszkametsz§ Bagolybukk
1 2 1 2
Oct. Nov. Oct. Nov. Oct. Nov. Oct. Nov.

Acer campestre 0.2 0.6 8.1 2.2 20.4 20.6
Alnus glutinosa 86 174 45.1 40.0
Carpinus betulus 415 35.7 321 14.0 67.6 55.8 59 111
Cerasus avium 0.8

Cornus sanguined 12 0.1 19
Corylus avellana 45 0.9 24 19 21
Crataegus monogyna 24 21
Fagus sylvatica 0.0 33.8 24.6 36.9 15.8 23.2

Populus tremula 9.2 0.s
Pyrus sp. 1

Quercus cerris 83 41 7.2 45 38 0.4
Quercus petraea 0.9 13 0.4 1.S 10.3 05 4.3
Robinia pseudacacia 4.3 71

Salix sp. 114 3.6 04 6.3 0.3 17.8 7.2
Sorbus torminalis 03 0.4 0.9 14

Tilia cordata 24.6 16.4 259 29 32 18 17 6.8
Tilia platyphyllos 2.8 0.4 17 21

Ulmus laevis 43 2.7

concentrations occurred in November in both streams. Great differences in mean
number of conidia per litre were found between sites in the autumn samples. The
longitudinal change of conidial numbers showed opposite trends in the two
streams. The numbers of conidia in October and November were significantly
higher at site 1 (upstream) than at site 2 (downstream) in the Deszkametsz6,
whereas inthe Bagolybikk significantly higher numbers of conidia were found at
site 2 than at site 1 in November (Table 4).

Although 60% of the encountered species occurred in both streams, there
were differences between the composition of the conidial populations (Table 5).
Altogether 12 species occurred frequently (more than 5% of the total collected on
at least one occasion) in both streams. Four species - Alatospora  acuminata,



Table 3. Fungal species detected at each sampling site of the Deszkametsz6 and Bagolybiikk streams.

Des/-1 Desz-2 Bag-1 Bag-2
Actinospora megalospora Ingold + _ - -
Alatospora acuminata Ingold
Alatospora flagellata (Goncz6l) Marvanova -
Anavirga dendromorpha Descals et Sutton
Anguillospora crassa Ingold
Anguillospora furtiva Webster et Descals
Anguillospora longissima (Sacc. et P. Syd.) Ingold
Anguillospora mediocris Gonczdl et Marvanovéa
Anguillospora rosea Webster et Descals
Anguillospora sp. 1
Anguillospora sp. 2
Articulospora tetracladia Ingold
Camposporium pellucidum (Grove) Hughes
Clavariopsis aquatica de Wild.
Clavatospora longibrachiata (Ingold) Marvanovéet S. Nilsson
Clavatospora tentacula (Umphlett) S. Nilsson
Clavatospora  sp.
Colispora elongata Marvanova
Cylindrocarpon spp.
Dimorphospora foliicola Tubaki
Filosporella annelidica (Shearer et Crane) Crane et Shearer
Filosporella sp.
Flagellospora curvula Ingold
Flagellospora leucorhynchos Marvanovéa -
Fusarium spp.
Heliscella stellata (Ingold et Cox) Marvanovéa
Heliscus lugdunensis Sacc. et Therry
Isthmolongispora minima Matsushima
Lemonniera aquatica de Wild.
Lemonniera cornuta Ranzoni
Lemonniera terrestris Tubaki
Lemonniera sp.
Magdalaenaea monogramma Arnaud
Margaritispora aquatica Ingold
Mirandina sp.
Mycocentrospora  sp.
Mycofalcella calcarata Marvanova
Naiadella jluitans Marvanova et Bandoni
Pachycladina mutabilis Marvanova
Stenocladiella neglecta (Marvanové et Descals) Marvanova et Descah;
Tetrachaetum elegans Ingold
Tetracladium marchalianum de Wild.
Tetracladium setigerum (Grove) Ingold
Trichocladium angelicum Roldén et Honrubia
Tricladium angulation Ingold
Tricladium gracile Ingold _ -
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Table 3 (continued)

Desz-1 Desz-2 Bag-:1 Bag-2
Tricladium splendens Ingold + + + +
Tricladium sp. - - +
Trinacrium sp. + +
Tripospermum camelopardus Ingold, Dann et McDougall
Tripospermum myrti (Lind.) S. Hughes +
Triscelophorus  sp. +
Tumularia aquatica (Ingold) Descals et Marvanovéa +
Tumularia tuberculoid (Go6nczol) Descals et Marvanova +
Vargamyces aquaticus (Dudka) T6th +
+
+
+

+
+ o+ + 4+ o+ +

Sigmoid 1
Sigmoid 2
Sigmoid 3
Sigmoid 4 - .
Sigmoid 5 + +
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown 6 + + - N
Number of species 52 44 46
Total number of species in a stream 58 49

+ + o+ + o+ o+

a b wN -
'

Clavariopsis aquatica, Flagellospora curvula and Tetrachaetum elegans - oc-
curred among the top-ranked species at all sites of the two streams. From the domi-
nant species Flagellospora leucorhynchos were found exclusively in the Deszka-
metszd. Anguillospora  mediocris occurred in both streams, but it accounted for
high proportions of the total spores found only in the Deszkametszd. Although in
the November samples the conidial numbers of Clavatospora longibrachiata were
actually higher in the Deszkametszd, its relative importance was higher in the
Bagolybukk. The conidia of Margaritispora aquatica and Tumularia  tuberculata
were detected in both streams, they were relatively more important in the
Bagolybiikk. The majority of frequent species varied in the timing of their maxi-
mum conidial production.

DISCUSSION

In the present and two earlier studies (GONCZOL and REVAY 1999, 2003) the
species richness and the conidial numbers of the aquatic hyphomycetes have been



Table 4. Mean number of conidia per sample (150 ml) and litre and total number of aquatic hyphomycete species found at each sampling site in dif-
ferent sampling times. (Desz = Deszkametsz6, Bag = Bagolybikk, * =P <0.05; ** =P <0.001, t = Desz-1 v. Desz-2 or Bag-1 v. Bag-2).

April October November

mean number of conidia

150 ml s.d. litre 150 ml s.d. t litre 150 ml s.d. t litre
Desz-1 149.0 20.4 9933  2,213.0 4322 14,7547  4,199.0 988.2 27,992.0
Desz-2 230.4 325 15360  1,140.4 179.8 5.1%* 7,602.7  1,640.0 251.2 5.6%* 10,933.3
Bag-1 114.4 11.9 762.7 291.6 76.9 1,944.0 415.4 67.8 2,769.3
Bag-2 113.0 265 753.0 348.4 95.8 2,322.7 999.0 154.7 [ 6,660.0

total number of species

no. no. no. t Desz v. Bag
Desz-1 40 41 39 3.4*
Desz-2 40 37 38
Bag-1 34 34 38

Bag-2 34 33 39



Table 5. Mean number of conidia per sample (150 ml) and relative proportions of conidia of domi-
nant (>5% of the total collected) species on each sampling date in the Deszkametsz§ and
Bagolyblkk streams, (s.d. = standard deviation).

Species

Alatospora acuminata
Anguillospora longissima
Anguillospora mediocris
Clavariopsis aquatica
Tetrachaetum elegans

Remaining species

Alatospora acuminata
Anguillospora longissima
Clavariopsis aquatica
Clavatospora longibrack lata
Heliscus lugdunensis
Tumularia tuberculata
Sigmoid 3

Remaining species

Alatospora acuminata
Anguillospora mediocris
Clavariopsis aquatica
Filosporella annelidica
Flagellospora curvula
Lemonniera cornuta
Stenocladiella negleeta
Tetrachaetum elegans
Tetracladium marchalianum

Remaining species

mean s.d. %

Deszkametsz6-1

mean s.d. %
April

Deszkametsz6-2

138 29 9.2 22.6 9.9 9.8
10.0 29 6.7
28.6 17.3 19.2 65.6 113 285
25.6 5.7 17.2 46.2 20.0 20.1
80 44 54
42.3 41.6
Bagolybuikk-1 Bagolybiikk-2
15.0 6.9 131 174 34 154
6.0 2.7 5.2 10.0 24 80
23.6 87 20.6 16.4 17 145
10.8 38 9.6
14.8 58 12.9 7.6 29 6.7
9.6 39 84
7.2 6.0 6.4
39.8 38.5
October

Deszkametsz6-1
212.6 72.1 9.6
145.2 37.6 6.6
255.6 25.9 116
142.0 39.9 6.4
224.8 193 10.2
285.4 83.1 129

372.8 32.3 16.9
210.8 87.5 95
16.3

Deszkametsz§-2
69.6 17.7 6.1
350.6 47.4 30.7
108.6 7.9 95

163.0 39.1 14.3

86.8 26.5 7.6
184.6 37.6 16.2

156



Species

Alatospora acuminata
Clavariopsis aquatica
Clavatospora longibrachiata
Flagellospora curvula
Margaritispora aquatica
Stenocladiella neglecta
Tetrachaetum elegans

Remaining species

Alatospora acuminata
Anguillospora mediocris
Clavariopsis aquatica
Flagellospora curvula
Flagellospora leucorhynchos
Lemonniera cornuta
Lemonniera terrestris
Stenocladiella neglecta

Tetrachaetum elegans

Remaining species

Alatospora acuminata
Clavariopsis aquatica
Clavatospora longibrachiata
Flagellospora curvula
Heliscus lugdunensis
Lemonniera cornuta

Ma rgari tispéra aquatica
Tetrachaetum elegans

Tumularia tuberculata

Remaining species

Table 5 (continued)

mean

23.6
64.4

46.2
228
28.2
63.8

s.d.

Bagolybikk-1

3.8
26.4

184
9.5
9.8

11.9

%

mean

Bagolybikk-2

8l 384
221
29.8
158 89.8
7.8
9.7
219 72.2
14.6
November

Deszkametsz6- 1

324.4

387.6
626.8

711.6
210.6

949.6

36.6

33.6

54.4
30.8

56.4
31.0
33.0

1255

94.9
127.1

212.6
59.6

213.6

Bajrolybiikk-1

124
58

23.3
6.1

151
95
116

7.7

9.2
149

16.9
5.0

22.6
23.7

8.8
81

131
74

136
75
79

33.6

s.d.

9.6

8.6

26.6

215

%

110

8.6

25.8

20.7
33.9

Deszkametsz6- 2

184.4 17.8
565.2 1018
248.6 59.0
118.2 60.8
142.0 52.5
102.4 109
Ba®;olybiukk-2

256.0 54.5
103.4 119
229.2 24.1
112.6 29.7

92.8 24.8

112
345

15.2

7.2

8.7

6.2

17.0

25.6

104
22.9

11.3
9.3

20.5



analysed altogether in five tributaries of the Morg6 stream system. We concluded
that low-order streams had hyphomycete communities with specific features no-
ticeably differing from each other as well as from those inhigher-order stream sec-
tions of this system (GONCZOL and REVAY 2003). The results of the present and
earlier studies showed that the total number of the fungal species in a given tribu-
tary was generally similar to that of the stream section where the tributary enters
the main stream (GONCZOL et al. 1999). Somewhat more species occurred in the
softwater than in the hardwater tributaries, but this pattern was not clear-cut.
Higher numbers of species (48-52) occurred at the sites of Deszkametsz6, a
slightly alkaline tributary (pH 7.5-8.4) than at the sites of Bagolybikk (44-46 spe-
cies, pH 7.0-8.1).

Higher species numbers in the circumneutral than in the hardwater streams
have for a long time been recognised and confirmed in many studies (BARLOCHER
and ROSSET 1981, WOOD-EGGENSCHWILER and BARLOCHER 1983, MARVANO-
VA 1984, BARLOCHER 1987, CASASand DESCALS 1997). Some other studies sug-
gest that high diversity of the riparian vegetation is also correlated positively with
the species richness of aquatic hyphomycete conidia in transport (FABRE 1996,
CASAS and DESCALS 1997, GONCZOL et al. 2003). Whether the unfavourable ef-
fect of alkaline stream water to species number may be compensated by the high
diversity of substrates is not known presently. We still know little how these con-
founding effects control the structures of fungal communities in different stream
habitats.

The amount of leaf and wood litter in the stream sections studied could not be
determined either inthe present or inearlier studies. To our knowledge there is not
an accepted sampling method to reliably estimate the quantity of litter (either leaf
orwood or even both) inagivenreach ofastream. A survey ofthe submerged litter
in the two tributariesrevealed awell recognisable difference inthe positionand the
quantity of leaf litter in the studied reaches of Deszkametsz6 and Bagolybikk. A
continuous, loose layer of leaves covered the streambed at Deszkametsz6-1, while
a typical patchy distribution of leaves being aggregated in packs was observed at
Bagolybukk-1. Due to these differences in the structure of leaf litter we estimated
that greater amount of leaf litter per water volume was present in Deszkametsz§
than in Bagolybiikk. We also considered that thick but loose layer of leaves on the
streambed at Deszkametsz6-1 provides more favourable conditions for fungal
sporulation than tightly aggregated leaf packs in Bagolybikk-1. Consequently a
higher conidial concentration in stream water in Deszkametsz§, at least at site 1,
than Bagolybikk-1 was anticipated.

The conidial concentrations at the sampling sites differed greatly in the two
tributaries. These differences were most pronounced in the November samples.



The relatively high conidial concentration (27,992 conidia L ') at site 1 decreased
to 10,933 L * at site 2, while the discharge (0.8 L s~ at site 1) increased more than
tenfold (8.8 L s at site 2) inthe Deszkametsz&. On the contrary inthe Bagolybikk,
which is a relatively fast flowing stream, with a more or less straight streambed, the
number of conidia increased downstream, from 2,769 Lr' at site 1to 6,660 Lr* at
site 2, while discharge decreased by almost 50% between the two sites. An oppo-
site trend in the downstream changes in conidial concentrations was also observed
in two other second-order tributaries of the Morg6 stream system in a former study
(GONCZOL and REVAY 2003) but no discharge was measured in these tributaries.
The conidial concentration and discharge between the upper and lower sites in the
Csdmole stream, a previously studied tributary, changed similarly to those in
Deszkametsz6. The conidial numbers decreased downstream from 23,644 L~' to
4,224 Lr' between the two sites of the Csdmdle stream, while the discharge in-
creased by about 50% (1.0 L s" to 2.1 L s') (GONCzZOL and REVAY 1999, and
unpubl. obs.). The upper reaches of both streams are very similar to each other in
some characteristics, i.e. slowly flowing shallow water, low discharge and mean-
dering streambed loosely filled with a continuous layer of leaf litter. We concluded
that some 20,000 or more conidia Lr* in November and December seems to be a
general pattern in the upper reaches of these slowly flowing, small streams. This
may be mainly due to the very effective retentive capability of these streams. The
amount of litter and discharge are evidently crucial factors to control conidial con-
centration in a given reach of a stream (BARLOCHER 1992a). Our results obtained
for five second-order tributaries in the Morgd stream system suggest that dis-
charge, the amount and structure of litter are important factors to determine
conidial concentrations in headwater streams.

Relatively few data are found in the literature about the effect of discharge
and changes in type and quantity of allochthonous litter on conidial concentration
in streams. SHEARER and WEBSTER (1985a) studied the longitudinal variationin
aquatic hyphomycetes at three sites along the River Teign (England). They found
that conidial numbers increased in a downstream direction. The amount of alloch-
thonous material was probably an important factor in determining numbers of
conidia as itwas always lesser at the most upstream site than the two lower sites. In
a study of aquatic hyphomycetes at two sites of the Catamaran Brook (Canada) a
significant downstream decrease in conidial numbers was found by BARLOCHER
(2000). He concluded that the decline of conidial numbers might be due to dilution
since water discharge increased considerably between the two sites.

SUBERKROPP (1997) found that spore concentrations in a small woodland
stream, Walker Branch (Tennessee, USA) were significantly correlated with the
amount of leaf material present. Spore concentration one to four spores ml*



throughout most of the year increased to eighteen spores ml* after the greatest
amount of leaf litter was present in the stream during November. Quite different re-
sults about stimulating effect of leaf litter on the spore concentration were obtained
in another study. The role of leaf litter to conidial concentration was examined ina
litter-exclusion and a reference stream in the Appalachian Mountains (North
Carolina, USA) (GULIS and SUBERKROPP 2003). Both streams had low mean dis-
charge (about 2 L s*). The authors anticipated that litter-exclusion would have a
drastic effect on reproduction of aquatic hyphomycetes, but only seasonal differ-
ences in maximum conidial concentration were observed in the two streams. Total
conidial concentration was not significantly affected by the litter-exclusion treat-
ment. The studied streams in the Appalachian and B6rzsény Mountains are very
similar in the low mean discharge (1-2 L s) other, possibly important factors may
be highly different. For example the very low conidial numbers inthe Appalachian
streams (about 110 to 1,400 conidiaLr’) are uncommon in our woodland streams.
By the authors' opinion this may be due to the short distance between the sampling
sites and the sources.

Increasing amount of leaf litter from the beginning of October till the end of
November followed by increasing conidial concentrations is a general pattern in
forested streams in temperate regions (WEBSTER and DESCALS 1981, BARLO-
CHER 19926). The results obtained for conidial concentrations in five small tribu-
taries after leaf-fall strongly suggest that leaf litter input is a major factor affecting
conidial concentrations in transport. The increase inthe conidial numbers in these
small streams in October and November may be drastic (Deszkametsz6 stream) or
moderate (Bagolyblikk stream) probably due to the complex effect of amount of
leaf litter in the stream and actual discharge. Nevertheless small streams with very
low discharge require further studies to understand better the spatial and temporal
dynamics of conidial pools.

Acknowledgement - This study was supported by a grant from the Hungarian Scientific Re-
search Fund (OTKA T32081).

REFERENCES

BARLOCHER, F. (1987): Aquatic hyphomycete spora in 10 streams of New Brunswickand Nova Sco-
tia. - Can.J. Bot. 65: 76-79.

BARLOCHER, F. (1992a): Recent developments in stream ecology and their relevance to aquatic my-
cology. - In: BARLOCHER, F. (ed.): The ecology of aquatic hyphomycetes. Ecological Studies
94: 16-37.



BARLOCHER, F. (1992¢): Community organization. - In: BARLOCHER, F. (ed.): The ecology of
aguatic hyphomycetes. Ecological Sudies 94: 38-76.

BARLOCHER, F. (2000): Water-borne conidia of aquatic hyphomycetes: seasonal and yearly patterns
in Catamaran Brook, New Brunswick, Canada - Can. J. Bot. 78: 157-167.

BARLOCHER, F. and ROSSET, J. (1981): Aquatic Hyphomycete spora of two Black Forest and two
Swiss Jura streams. - Trans. Br. mycol. Soc. 76: 479-483.

CASAS, J. J. and DESCALS, E. (1997): Aquatic hyphomycetes from Mediterranean streams contrast-
ing in chemistry and riparian canopy. - Limnetica 13(2): 45-55.

CHAUVET, E. (1991): Aquatic hyphomycete distribution in South-Western France. -J. Biogeogr. 18:
699-706.

FABRE, E. (1996): Relationships between aquatic hyphomycetes communities and riparian vegeta
tion in3 Pyrenean streams.- CR. Acad. Sei. Paris, Sciences delavie |Life sai. 319: 107- 111.

GONCZOL, J. and REVAY, A. (1999): Aquatic hyphomycetes in a tributary of the Morgé stream,
Borzsony Mts, NE Hungary. - Studia bot. hung. 29: 5-16.

GONCZOL, J. and REVAY, A. (2003): Aquatic hyphomycetes in the Morgd stream system, Hungary.
Tributary communities. - Nova Hedwigia 76: 173-189.

GONCZOL, J, REVAY, A. and CSONTOS, P. (1999): Studies on the aquatic Hyphomycetes of the
Morg6 stream, Hungary. |. Longitudinal changes of speciesdiversity and conidial concentra-
tion. -Arch. Hydrobiol. 144: 473-493.

GONCZOL, J., CSONTOS, P. and REVAY, A. (2003): Catchment scae patterns of aquatic hypho-
mycetes. The role of physicochemical variables and substrate composition in structuring
conidial communities. - Arch. Hydrobiol. 157: 249-266.

GULIS, V. and SUBERKROPP, K. (2003): The effect of excluding plant litter on the aquatic
hyphomycete conidia in a headwater stream. - Czech Mycol. 54: 249-260.

INGOLD, C. T. (1942): Aquatic hyphomycetes on decaying alder leaves. - Trans. Br. mycol. Soc. 25:
339715.

IQBAL, S H.and WEBSTER, J. (1973): Aquatic hyphomycete spora of the River Exe and itstributar-
ies. - Trans. Br. mycol. Soc. 61: 331-346.

MARVANOVA, L. (1984): Conidiain water of the protected area Slovensky Rsj. - Bioldgia (Brati-
slava) 39: 821-832.

SHEARER, C. A. and WEBSTER, J. (1985A): Aquatic hyphomycete community structure inthe River
Teign. |. Longitudinal distribution patterns. - Trans. Br. mycol. Soc. 84: 489-501.

SHEARER, C. A. and WEBSTER, J. (1985/?): Aquatic hyphomycete community structure inthe River
Teign. |I. Temporal distribution patters. - Trans. Br. mycol. Soc. 84: 503-507.

SUBERKROPP, K. (1997): Annual production of leaf-decaying fungi inawoodland stream. - Fresh-
water Biology 38: 169-178.

WEBSTER, J. and DESCALS, E. (1981): Morphology, distribution and ecology of conidial fungi in
freshwater habitats. -1n: COLE, G.T.and KENDRICK, B. (eds): Biology of conidial fungi. Vol.
1. Academic Press, New York, pp. 295-355.

WOOD-EGGENSCHWILER, S. and BARLOCHER, F. (1983): Aquatic Hyphomycetes in sixteen streams
in France, Germany and Switzerland. - Trans. Br. mycol. Soc. 81: 371-379.

(Received: 6 July, 2004)



