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Abstract. Studies on the occurrence of aquatic hyphomycetes were carried
out in Panekal sulfur spring in the Western Ghats, India by incubation of leaf
litter and analysis of natural foam and of induced foam. Sampling was done
once every three months over a period of two years from September 1989 to
June 1991. The temperature, pH, dissolved oxygen, and sulfide content of
water were also measured. No fungi were observed within the spring, whereas
16 species belonging to 13 genera were isolated from two outflow sites of the
stream. The percent frequency of Triscelophorus monosporus was high
(24.0%). The temperature of water in the spring ranged between 30.0 and
38.5°C and the sulfide content between 3.2 and 4.3 mg 17", Studies showed
that sulfide water (4.0 mg 17") from the spring inhibited the growth of the
colonies of Dactylella aguatica, Phalangispora constricta, Tetracladium setig-
erum, Vermispora cauveriana, and Wiesneriomyces laurinus. When the leaves
colonized by aquatic hyphomycetes were incubated at different temperatures
in sulfur-spring water and stream water separately, sporulation was not observed
in any of the fungi at and above 35°C except Phalangispora constricta, which
could sporulate at 35°C. At lower temperatures (15-30°C) relatively fewer
species were found to sporulate in sulfur-spring water than in stream water.

Introduction

Aquatic hyphomycetes have been reported from various aquatic habitats and terres-
trial regions such as tree hollows, stem flow, aqueous films, etc. [11]. Most of the
studies on these fungi are restricted to aquatic systems where the temperature of
waters ranged between 0 and 26°C [2, 3, 9, 12]. However, recently Chandrashekar
et al. [4] reported the occurrence of aquatic hyphomycetes in the out flow region
of a sulfur spring in the Western Ghats where the temperature of the water ranged
between 26.5 and 36.5°C.

Correspondence to: K.M. Kaveriappa



74 M. Rajashekhar, K.M. Kaveriappa

In this paper, we report the occurrence of aquatic hyphomycetes in another sulfur
spring, Panekal, in the Western Ghats. The objectives of this study were to find
out their seasonal occurrence, the effect of spring water on the growth and sporula-
tion, and the characteristics of water that correlated with frequencies of species.

Materials and Methods
Location

The Panekal sulfur spring originates at Panekal (12° 54.40" N 1at, 75° 17.50" E long) in Dakshina
Kannada District of Karnataka and flows through paddy fields for a distance of about 0.5 km before
joining River Nethravathi. Three sampling sites were selected for the study. At the first site, the spring
proper, water emerges from the crevices of rocks and collects to form a small pond. The surrounding
vegetation was sparse and consisted of trees including Artocarpus heterophyllus Lam., Ficus bengha-
lensis L., Mangifera indica L., Macaranga peltata Muell.-Arg., Bambusa arundinacea Willd. Two
other sites in the outflow region were at about 20 and 40 m from the spring. There was no prominent
vegetation surrounding this region except a paddy crop during the monsoon.

Isolation

Three methods of analysis were employed to study the mycoflora: leaf litter incubation, and analysis
of natural foam and of induced foam [3, 6, 8, 10]. For leaf litter analysis about 10 submerged leaves
of different species collected in sterile polythene bags from each of the three locations were brought
to the laboratory and washed several times in water to remove extraneous materials. The leaves were
cut into small pieces (3 X 1.5 cm) and incubated (at 28 *+ 2°C) separately in Petri dishes containing
20 m] of distilled water. The leaf pieces were examined on alternate days under a low power microscope
(X 125) to detect the conidia of hyphomycetes. Simultaneously, water in the Petri dishes was replaced
by fresh water to minimize the growth of bacteria and other organisms. This process was repeated
up to 60 days and the fungi were identified on the basis of morphology of their conidia.

For natural foam analysis about 10 ml of foam was collected from the sampling sites in plastic
bottles and mixed with 1 ml of formalin-acetic acid-alcohol (FAA) to fix the biological materials
including conidia in the foam. The samples were examined under a microscope for the presence of
conidia. For analysis of induced foam about 20 leaves collected from each sampling site were cut
into small pieces of approximately 3 X 1.5 cm and incubated in a large tray. At the end of 48 h, the
tray was shaken gently and 200 ml of incubated water was collected in a beaker. To this, 100 mg of
sodium dodecyl sulphate (SDS) was added and aerated to induce foam. Two milliliters of the foam
was collected in a Petri dish and examined under a microscope for the presence of conidia. After
every collection, the water in the tray was replaced by fresh water to reinduce growth and sporulation
of hyphomycetes colonized on the leaves. This process was repeated for 20 days. Sampling was done
once every 3 months for 2 years from September 1989 to June 1991.

The frequency of occurrence of each species was calculated on the basis of its presence or absence
in 72 samples (3 techniques X 3 sampling sites X § collection dates).

For the estimation of dissolved oxygen and sulfide content, water was collected in 5-liter plastic
cans from each sampling site. The dissolved oxygen content was determined by following Winkler’s
titration method {1], the sulfide content was estimated by the Todometric method [1], and the pH was
measured at time of sampling with a portable pH meter. Water temperature was measured with a
mercury thermometer at the sampling site.

Effect of Sulfur Spring Water on Growth

The effect of sulfur spring water on the growth of aquatic hyphomycetes was studied by a poisoned
food technique [8]. For this, water from the spring was transported in sealed polythene containers



Studies of a Sulfur Spring 75

and the sulfide content was determined in the laboratory. Malt extract agar (MEA) medium was
prepared by dissolving 15 g of agar in a small quantity of spring water in an autoclave under 1.41
kg cm? pressure for 15 min and filter-sterilized spring water was later added to make 1 liter of medium.
Media with two other dilutions, i.e., equal parts of spring and distilled water (1:1) and 1:2 ratio of
spring and filtered stream water were prepared in the same way as above.

Single spore isolates of the species Dactylella aquatica (Ingold) Ranzoni, Phalangispora constricta
Nawawi et Webster, Tetracladium setigerum (Grove) Ingold, Vermispora cauveriana Rajeshekhar,
Bhat et Kaveriappa and Wiesneriomyces laurinus (Tassi) PM. Kirk obtained on 1% MEA medium
were used for the study. Mycelial discs (1 mm diam) from 10-day-old cultures of these fungi were
placed at the center of the Petri dishes containing the sulfide medium. The mycelial discs inoculated
into MEA medium prepared in distilled water served as control. The cultures were subjected to natural
daylight and darkness at room temperature (26 = 2°C) for seven days. The extension of colonies was
measured daily along two diameters at right angles to each other. The experiment was conducted in
triplicate and averages of the data were calculated.

Effect of Temperature on Sporulation

To study the sporulation of hyphomycetes at different temperatures, water from the sulfur spring and
from a freshwater stream near Mangalore University campus were collected in plastic cans and filtered
through Millipore filters (Millipore Corp., Bedford, MA) before use. The hyphomycetes colonized on
submerged broad leaves, such as Holigarna ferruginea Marchand, Lophopetalum wightianum Am.,
and Vateria indica L. collected from a freshwater stream were used as test organisms. Twenty submerged
leaves were collected, washed thoroughly in tap water and rinsed in distilled water. From each leaf,
36 segments (5 X 5 mm) were cut, along the two sides of the midrib and grouped separately. From
each group, the segments were randomly distributed into two sets each of 18 Petri dishes. To one set
of Petri dishes sulfur spring water was added and to the other set stream water was added. The dishes
were incubated at 15, 20, 25, 30, 35, and 40°C and were examined on alternate days under a low
power (X 125) microscope to detect the spores of hyphomycetes. Water in the dishes was replaced
after each observation. The observation was carried out up to 30 days.

Statistical Analyses of the Data

The correlation analysis [13] was applied to test the significance of some physico-chemical factors
of spring water on the occurrence of hyphomycete species. The Chi-square test was done for analyzing
the relationship between the fungal species and temperature and sulfide content of spring water.

Results

The temperature of water at site I was high (38.5°C) and remained constant during
the sampling period. It varied between 30.0 and 34.2°C at the other two sites. The
pH of water in the three sites ranged between 8.4 and 9.2. The dissolved oxygen
content of waters at the three sites varied between 3.1 and 4.0 mg 1. Sulfide
content of waters was higher at site I (4.0-4.3 mg 17') than at the other two sites
(3.2-3.8 mg 17"). A total of 16 species belonging to 13 genera was recorded from
the two outflow sites (Table 1). Triscelophorus monosporus was the most frequent
organism (24.0%). Some fungi like Isthmotricladia laeensis and Speiropsis hya-
lospora were found at low frequencies (1.4%). None of these fungi was recorded
from. the spring itself (site I). A seasonal record of the fungi at the three sites is
given in Table 2. The number of species collected in September samplings was
the highest.
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Table 2. Number of species of aquatic hyphomycetes recorded in Panekal sulfur spring during
1989-1991

Total number of species recorded

Sept. Dec. Mar. Jun.
Site” 1989 1990 1989 1990 1990 1991 1990 1991
II 6 6 4 4 3 2 3 4
11T 6 7 4 2 5 2 5 4

“For site I (the spring itself) the record was nil
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Fig. 1. Growth of five species of aquatic hyphomycetes on malt extract agar (in sulfur spring water)
medium; n = 3, bars represent standard error of the mean. Dilution of sulfur spring water (sulfide:
40mg 1728, 1:8, 1:1;@, 1.2,/ , control

Percent inhibition of growth of the five species of fungi cultured in sulfur spring
water decreased with increased dilution. The sulfide content of the filtered spring
water was 4.0 mg 17" and in the filtered freshwater was only a trace (0.00015 mg
17Y). Inhibition of growth was maximum in undiluted spring water and correspond-
ingly less in the other two dilutions. The percent inhibition of growth was maximum
in V. cauveriana and minimum in 7. setigerum. As shown in Fig. 1, in all the
species, overall growth in treated cultures was less compared to the control.

The data on sporulation of fungi on the leaves incubated at different temperatures
in spring water and stream water are given in Table 3. The sulfide content of
sulfur-spring water was 4.2 mg 17! and in the fresh water there was only a trace
(0.00018 mg 17'). In both the waters more fungi sporulated between 20.0 and
30°C. But, the record of fungi was less on the leaves incubated in spring water
than in stream water. At 35.0°C, only one species, Phalangispora constricta,
sporulated in stream water and at 40.0°C; no sporulation was observed in either
spring or stream.
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The correlation of fungal species versus temperature shows that temperature is
highly significant with respect to species (r = —0.8669; P < 0.0001). Further, the
correlation analysis based on number of fungal species versus sulfide content is
also highly significant (r = —0.8531; P < 0.0001). Chi-square test indicates high
significance between species and temperature (P << 0.0001) and also between log
species and sulfide (P < 0.001).

Discussion

This is the second report on the occurrence of aquatic hyphomycetes in a sulfur
spring. Chandrashekar et al. [4] reported the occurrence of 20 species of aquatic
hyphomycetes in the outflow sites of a sulfur spring near to the current study site.
When the mycoflora of the two sulfur springs were compared, there were ten
species common to both the springs and ten others found in only one spring. In
both the studies, no fungus was recorded in the spring proper where the sulfide
content (3.1 and 4.0-4.3 mg 17" in Bendrethirtha and Panekal, respectively) and
the temperature (36.5 and 38.5°C in Bendrethirtha and Panekal, respectively) of
waters were higher than the outflow sites. In both the springs, sites nearer to the
spring contained fewer species of fungi than the sites away from the spring. Records
of temperature and sulfide content of water at the sites away from the spring were
correspondingly lower. Since the upward and outward flow of water in the spring
was very slow the force of emerging water in the spring might not have been
responsible for the differences in the number of species of aquatic hyphomycetes
recorded in the three locations of the spring. Therefore, it was thought that some
factor in the spring water might be affecting the aquatic hyphomycetes population.
The pH and dissolved oxygen of waters at the three sites of Panekal sulfur spring
did not show much variation. This discounted the possibility of these factors
affecting the occurrence of hyphomycetes. However, the temperature and sulfide
content of waters at the three sites varied significantly, indicating the possibility
of their interference with the occurrence of hyphomycetes.

In the leaves colonized by hyphomycetes incubated separately in sulfur-spring
water and stream water at different temperatures, the number of species recorded
in the stream water incubated leaves was more than those incubated in spring
water. In both the types of waters, the number of species recorded at different
temperatures varies, with a maximum at 20.0°C and 25.0°C. Further, studies on
the effect of sulfide-containing water on the growth of five species of hyphomycetes
showed that the percent inhibition of growth increased with an increase in the
concentration of sulfide. These results contirmed that high sulfide content together
with higher temperature of water were responsible for the total absence of hyphomy-
cetes in the sulfur spring proper and corresponding reduction in the number of
species at the two outflow sites. However, Chandrashekar et al. [4] indicated that
higher temperature was responsible for variation in the mycoflora in the three
locations of sulfur spring investigated by them.

Field and Webster [5] have suggested a tolerance limit of 5 mg 17! of sulfide
for the growth of aquatic hyphomycetes. However, the results of this study show
that inhibition of growth could take place at lower levels.



80

M. Rajashekhar, K.M. Kaveriappa

Acknowledgments. We are grateful to the Nuclear Power Corporation, Kaiga Project, Karwar, Govern-
ment of India for the financial support. We thank the Chairman and members of the staff of Department
of Biosciences, Mangalore University for their encouragement during this investigation.

References

oo

10.

11.

12.

13.

. American Public Health Association (1985) Standard methods for the examination of water and

wastewater, 16th ed. Am Publ Heal Assoc Inc, Washington DC

. Baerlocher F (1992) Community organization. In: Baerlocher F (ed) The ecology of aquatic

hyphomycetes. Springer-Verlag, Heidelberg, pp 38-76

. Chandrashekar KR, Sridhar KR, Kaveriappa KM (1990) Periodicity of water-borne hyphomycetes

in two streams of Western Ghat Forests (India). Acta Hydrochim Hydrobiol 18:187-204

. Chandrashekar KR, Sridhar KR, Kaveriappa KM (1991) Aquatic hyphomycetes of a sulphur

spring. Hydrobiologia 218:151-156

. Field JT, Webster J (1985) Effect of sulphide on survival of aero-aquatic and aquatic hyphomycetes.

Trans Br Mycol Soc 85:193-199

. Ingold CT (1975) An illustrated guide to aquatic and water-borne hyphomycetes. (Freshwater

Biological Association Scient Publ 30) Ferry House, Ambleside, Cumbria, England

. Nene YL (1971) Fungicides in plant disease control. Oxford and IBH Publ Co, New Delhi
. Nilsson S (1964) Freshwater hyphomycetes. Symb Bot Upsal 18:1-130
. Padgett DE (1976) Leaf decomposition by fungi in a tropical rainforest stream. Biotropica

8:166-176

Rajashekhar M, Kaveriappa KM (1993) Ecological observations on water-borne hyphomycetes
of Cauvery River and its tributaries in India. Arch Hydrobiol 126:487-497

Sridhar KR, Chandrashekar KR, Kaveriappa KM (1992) Research on the Indian subcontinent. In:
Baerlocher F (ed) The ecology of aquatic hyphomycetes. Springer-Verlag, Heidelberg, pp 182-211
Suberkropp K (1992) Aquatic hyphomycete communities. In: Carroll GC, Wicklow DT (eds)
The fungal community: its organization and role in the ecosystem. Marcel Dekker, New York,
pp 729-747

Zar JH (1974) Biostatistical analysis. Prentice Hall Inc, Englewood Cliffs, New Jersey



