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Survey and Collection of Water Samples from
Different Areas

3.1. Introduction

Aquatic fungi (also known as Ingoldian fungi or amphibious fungi were first
discovered as an ecological group in a British stream by Ingold (1942). Since then, over
300 species have been described from rivers and lakes in most parts of the world. Many
aquatic hyphomycetes have diverse distributions, while others show latitudinal or
altitudinal distributions that are largely determined by water temperature (Koske and
Duncan, 1974; Suberkropp, 1984). The aquatic fungi are also called as freshwater
hyphomycetes or water borne hyphomycetes (Webster and Descais, 1981). The Ingoldian
hyphomycetes produce conidia that are mostly colourless and branched or long and
narrow. Their ecology and physiology have been studied extensively. They are known to
play an essential role in mediating energy transfer in food chains in woodland streams
and rivers. The conidia are adopted for running water habitats. The Ingoldian
hyphomycetes most commonly occur on dead leaves (Webster and Descals, 1981;
Biéerlocher, 1992) and wood (Willioughby and Archer, 1973; Shearer and Webster, 1981)
as well as in foam (Igbal and Webster, 1973). A few species have also been reported from
well aerated and they mediate energy flow and nutrient cycling in streams (Baldy ef al.,
1995) and act as intermediaries of energy flow between leaf litter and invertebrates
(Baerlocher and Kendrict, 1976; Suberkropp, 1992). Fungi are play a major role in leaf

decomposition in streams (Gessner and Chauvet, 1994) and their biomass accumulating
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on leaves improves substrate palatability and nutritional value to shredders (Bérlocher,
1985). The aquatic fungi develop so abundantly on submerged leaves, and twigs decaying
in the well-aerated water of fast-flowing streams. In a rapidly flowing stream or in a
terrestrial river, especially after heavy rain, cakes of semi-permanent foam develop,
above or below a waterfall or rapids. The foam acts as a spore-trap enormously

concentrating the spores and if this foam is collected they are readily studied.

Aquatic fungi are found abundantly in clean, fast flowing streams and rivers of
both temperate and tropical regions and about 300 species have been reported from all
over the world (Webster, 1992). Most aquatic hyphomycetes form tetraradiate, variously
branched (worm-like) conidia that are adapted for dispersal in flowing water (Webster
and Descals, 1981). There is close hydraulic contact between surface and groundwater
through the fairly absorptive sediments of the river bed. Aquatic hyphomycetes colonize
leaves and twigs in streams and thereby make them acceptable as food for invertebrates
(Barlocher, 1985; Webster and Descals, 1981). The reports discussed above deal with
interactions between different species. The same processes are also relevant when
mycelia of the same species meet. The decomposition of fallen leaves and other detritus
in streams is dominated by fungi (Barlocher, 1992a). Some terrestrial species may begin
colonizatioq before leaf abscission and initiate breakdown if conditions are suitable
(Barlocher and Kendrick, 1974; Kaushik and Hynes, 1971). In streams, however, they are
rapidly displaced by aquatic hyphomycetes, a group of fungi with clear morphological
and enzymatic adaptations to life in running water (Rodrigues and Graca, 1997,
Suberkropp, 1992). Species accumulations of aquatic hyphomycetes vary seasonally,

from leaf to leaf and from site to site, depending on a variety of factors (Barlocher,
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1992a). Seasonal and latitudinal changes are thought to be mainly due to differences in
water temperature (Barlocher and Kendrick, 1974; Igbal and Webster, 1973; Suberkropp,
1984, 1992), which can result in distinct summer and winter accumulations in temperate
streams (Suberkropp, 1984). Site differences within a stream are most closely correlated
with altitude or factors associated with it (Fabre, 1998; Raviraja et al., 1998a), which may
include shifts in water chemistry, current or riparian vegetation (Gonczol, 1989; Raviraja
et al., 1998b; Shearer and Webster, 1985). Variability Among individual leaves collected
from the same site is great, and close combination of many different species indicates that
strongly antagonistic interactions are rare (Shearer and Lane, 1983). Generally, the leaves
have to be immersed in a stream for 7-12 d before measurable numbers of conidia of
aquatic fungi are produced. Species diversity generally reaches a maximum within 4-6
week, and subsequently remains stable or gradually declines. Fungal colonization of
wood blocks (Sanders and Anderson, 1979) or leaves (Barlocher and Schweizer, 1983) is
correlated with surface area of the substrate. Initial fragmentation by the current or by
leaf-shredding invertebrates opens new areas for colonization and may result in rapidly

increasing fungal diversity.

It is achieved by degrading the large amount of leaf litter and other woody debris
that falls into these rivers and changing it into fungal biomass, which in turn supports
many in vertebrate detritivores (Triska, 1970; Kaushik and Hynes, 1971). Leaves that fall
into rivers in autumn are rapidly colonized by aquatic hyphomycetes and productive
sporulation follows. The majority of aquatic fungi produce spores (conidia) with
distinctive tetraradiate shapes that allow many taxa to be recognized with some degree of

confidence from spore morphology alone. A smaller number produce sigmoid spores,
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while some species have spores of more predictable shape. The mature spores become
separated from colonized leaves and are carried passively downstream in large numbers.
The tetraradiate spore form is thought to be an adaptation to minimize downstream

transport and to facilitate attachment to leaves (Webster, 1959).

On attachment to a suitable substratum, the spores germinate rapidly. The
original species were recorded in ponds and small lakes, usually growing on decaying
plant leaves, occasionally on other plant material. De Wildeman’s observation s went
practically unnoticed until 50 years later, when .Ingold (1942) discovered the more
common habitat of this group, now named Ingoldian fungi in his honour (Webster and
Descales, 1981 previous names) aquatic fungi De Wildman (1895), Ingold (1942) fresh
water hyphomycetes, De Wildeman (1895). Amphibious hyphomycetes (Michaelides and
Kendrick, 1978). High species diversity and biomass of Ingoldian fungi can most reliably

be found on wood and leaves decaying in well aerated Streams (Nelsson, 1964).

In the first report, Ingold (1942) described 16 out of which, 10 species were new,
marking the starting point of a Minor mycological Industry (Ainsworth, 1976) and in
recent review, Webster and Descales (1981) stated that 150 species are known and that
many more awaited description. The reason for their peculiar spore morphology has
become clear. Such conidia are were successfully trapped on underwater substrates than

spores of a conventional shape (Webster, 1959).

This is of course, of paramount importance for the dispersal of the fungi from leaf
to leaf in a running water. Fungi are common inhabitants of stream ecosystems. All phyla
of true fungi (Chytridiomycota, Zygomycota, Ascomycota and Basidiomycota) and also

the Oomycota (kingdom Stramenopila) that are morphologically similar to fungi can be
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observed in or isolated from stream environments. The most ecologically important and
well-studied fungi in streams are the ‘aquatic hyphomycetes’, which are anamorphs
(asexual stages) of ascomycetes or basidiomycetes. These fungi are capable of
completing their entire asexual life cycle underwater starting from colonization of
suitable substrate followed by intramatrical mycelial growth and abundant sporulation.
Upto 80% of fungal production may be invested into conidia (i.e., asexual spores)
(Suberkropp, 1991). Conidia of aquatic hyphomycetes are often tetraradiate, variously
branched, or filiform (rarely conventionally shaped), which is an adaptation to dispersal
in flowing water and enhances the probability of attachment to fresh substrates (Webster

and Descals, 1981).

Allochthonous organic matter (leaves of deciduous trees, twigs, etc.) is an
important source of energy and nutrients in small forest streams (Fisher and Likens,
1973; Kaushik and Hynes, 1968) and fungi are the main colonizers of this plant litter.
Maximum fungal biomass and sporulation rate of aquatic hyphomycetes correlate well
with plant litter breakdown rate (Gessner and Chauvet, 1994), suggesting that fungi are
the primary decomposers of this organic matter in headwater streams. Fungal biomass
accounts for 95 to >99% of total microbial biomass (fungi plus bacteria) associated with
submerged decaying plant litter (Baldy and Gessner, 1997; Gulis and Suberkropp, 2003a;
Hieber and Gessner, 2002) and fungal production is also characteristically greater than

that of bacteria (Baldy et al., 2002; Weyers and Suberkropp, 1996).

Annual fungal production on a real basis in small streams can be comparable to or
higher than invertebrate secondary production (Methvin and Suberkropp, 2003;

Suberkropp, 1997). Fungi mineralize organic carbon of plant litter, convert it into their
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own biomass, which can account for up to 18-23% of total detrital mass (Methvin and
Suberkropp, 2003; Suberkropp, 1995), macerate leaf litter and release fine particulate
organic matter (including conidia) and dissolved organic matter that become available to
other stream dwellers. Fungal colonization results in conditioning of leaf litter that
increases its nutritional value and palatability to shredding invertebrates. It is well
recognized that aquatic invertebrates prefer to feed and grow better on leaf litter
colonized by fungi in comparison to uncolonized leaves (Bérlocher, 1985; Suberkropp,
2003). Therefore, apart from the decomposition of organic matter, aquatic hyphomycetes
also mediate energy and nutrient transfer to higher trophic levels (Bérlocher and
Kendrick, 1976). Despite their key importance in the functioning of stream ecosystems,
aquatic fungi, historically, have received much less attention than macro invertebrates,

algae, fishes, or even bacteria.

Aquatic hyphomycetes were discovered as a distinctive ecological group only in
the middle of the last century (Ingold, 1942). This may be explained in part by the
microscopic size and habitat of these organisms (inside opaque submerged decaying
substrates). Stream ecologists recognized the importance of fungi about three decades ago
(Bérlocher and Kendrick, 1974; Kaushik and Hynes, 1968; Suberkropp and Klug, 1976).
Several useful reviews brief achievements in the field have been published since then
(Bérlocher, 1992; Gessner et al., 2003; Gessner and Newell, 2002; Gessner ef al., 1997,

Suberkropp, 1992).

Fungal Production

Newell and Fallon (1991) introduced the only method available for determining

direct growth rates and biomass production for litter decomposing fungi. This method has
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been modified for use with stream fungi (Gessner and Chauvet, 1997; Suberkropp and
Gessner, 2005; Suberkropp and Weyers, 1996) and involves determining the rate of
incorporation of radiolabelled acetate into ergosterol. Fungal growth rates are
proportional to rates of acetate incorporation into ergosterol and can be calculated using
empirical or theoretical conversion factors (Gessner and Newell, 2002). Fungal
production is then calculated by multiplying growth rates by biomass (determined from

ergosterol concentrations).

Leaf disks may be taken from leaves contained in litter bags to determine
production during decomposition (Weyers and Suberkropp, 1996) or from naturally

occurring leaves to determine fungal production for an entire stream (Suberkropp, 1997).

3.2. Materials and Methods
Study area (Figure 1)

Chikmagalur district comes under the Western Ghats of Karnataka state, India.
The district spans across the latitudinal parallels of 12° 54' 42" and 13° 53' 53" North and
the longitudinal meridians of 75° 04' 46" and 76° 21' 50" East. Chikmagalur district
consists of seven taluks, Chikmagalur, Kadur, Koppa, Mudigere, Narasimharajapura,
Sringeri and Tarikere. Each taluk contains two study sites, according to this total 14 study
sites which are included in lentic and lotic water bodies. This study sites differentiated in
to wet lands and dry lands according to their vegetation and also rainfall data. Some of
Study sites like Bhadra Reservoir, Hanumanagundi falls, Hebbe falls, Kallathgiri falls,
Kemmannugundi falls, Mageybylu falls, Mudigere falls, Sirimane falls, Hemavathi river,

Streams of Bhadra Wildlife Sanctuary, Duddkere, Betadavarekere, Sunnadakere and
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