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SASAKI Mika U.

What kinds of psycho-social factors regulate the motivation for human
services[] A longitudinal study regarding the college adaptation and
the choice of profession by students majoring in human services

00 O The three-year study investigates the determinating factors influenced the motivation for the provision
of human services and professional choices made by students majoring in the human services. Sixty five
college students majoring in the human servicesl] average age 22.5 years old[J were asked to rate their self
esteem, psychosocial adaptation, social values, attribution and strategies, and motivation for choosing a career
in the human services. The results indicated that the students who choose human services are more highly
motivated than those who choose non-human services oriented careers, or were unemployed. Students choose
human services and were employed rated self-esteem lower and depression higher than those who choose non-
human services. It is suggested that altruism and better adaptation to college life of students in human services
motivated their choice of the human services as a career.
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The Form and Function of Fungi in the Nutrient Dynamics of Biofilms
Kieran G Mundy

A literature review of fungal populations in high gradient-low nutrientd HG-LNO and low gradient-
high nutrientd LG-HNO river ecosystems was used to theoretically test the concept that fungi in
localized micro-environments of the biofilm matrix in rivers play a central role in nutrient processing,
dependent on environmental conditions. It was found that high gradient-low nutrient river biofilms
are dominated by planktonic micro-algae, and various benthic and attached macroscopic algae may
encourage nutrient retention and heightened sensitivity to nutrient mineralization due to the influence
of fungi within the biofilm matrix. No evidence could be found supporting slower rates of detritus
decomposition in these environmental conditions. Neither was there direct evidence in the research
literature to support the prediction of slower decomposition rates and decreased nitrogen immobilization
in bacteria-dominant biofilms in the food webs in association with fungal populations. The findings of this
review were extrapolated from the extensive literature on the form and function of fungi in terrestrial
environments, and the recent spate of investigations of the role of fungi within the biofilm matrix on the
internal and external surfaces of surgical instrumentation, and should be considered in this perspective.

Introduction

The influence of microbial activity on nutrient
cycling within the biofilm matrix in freshwater
environments has received recent attention in the
literature Lopes, Viera and Melo, 2000; Woodruff
et al. 1999; Ford 19930 Photosynthetic organisms
such as micro algae and cyanobacteria are the major
components of biofilms growing in natural aquatic
environments Sekar et al. 2002[] and constitute the
earliest autotrophic colonizers of exposed surfaces in
streams, are responsible for most of the energy input
onto surfaces in the form of reduced carbon com-
pound§] Callow 1993[] and are capable of modifying the
chemistry of the biofilm matrix because of their ability
to take-up nutrient§] Sekar et al. 2002: 189401 Further,
there have been recent analyses of micro algal colo-
nization in freshwater environments, in particular
lakes, with reference to dierent environmental con-

ditions such as nutrient concentrations in ambient

waters( Sigee, 2005; Hillebrand and Sommer 2000;
Havens et al. 1999(] with variations observed in the
dominance of algal and cyanobacteria species with
respect to nutrient concentrations and light levels.
However, as far as | am aware, there have been no
studies on the influence of freshwater fungil see
Appendix 10 in association with other decomposer
micro-organisms and their trophic interactions, on
patterns of detritus decomposition and nitrogen dy-
namics within the biofilm matrix in rivers.

A systematic review of available literature on
high gradient-low nutrient] HG-LN Cand low gradient-
high nutrient] LG-HNUOriver ecosystems] see Pusch et
al. 1998; Round, 1993[was used to theoretically test
the concept that biofilm matrices play an important
role in nutrient processing, and not only in detrital
decomposition. Of particular interest are the micro-
bial interactions in localized micro-environments in

the biofilm matrix, which are of major significance in
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nutrient dynamicé&] Liermann et al. 2000; WoodruO et
al. 199901 Specifically, high gradient-low nutrient riv-
er biofilms are dominated by planktonic micro-algae
and various benthic and attached macroscopic algae,
including large filamentous forms such as Cladophora
and Chardd Sigee 2005; Tuji 2000; McCormick and Ste-
venson 199100that encourage slow rates of detritus
decomposition, greater nutrient retention and high
levels of sensitivity to nutrient mineralizatior Klein
et al, 199801 In comparison, low gradient-high nutrient
streams are largely comprised of biofilms dominated
by cyanobacteria that diller from the algae in their
heterotrophic mode of nutrition, have many physi-
ological similarities with the actinomycete$] Rickard
2000, 2002; Brisou, 19950] and increase rates of detri-
tus decomposition and nutrient mineralization. This
dichotomous classification of HG-LN and LG-HN river
ecosystems does not imply that fungi within algal or
bacterial -based biofilms matrices operate in an eco-
logical vacuum, nor does it attempt to underestimate
the complexity of the microbial interactions involved.
While unicellular bacteria and filamentous fungi
exhibit major diCerences in their functional strategies
within these micro-environments, concurrently they
are often complimentary. Bacteria, for example, in
many cases attempt to mimic the indeterminate
lifestyle of the filamentous fungi with its many
advantages by creating multicellular entitie§] Shapiro
et al, 199701

The review has two major parts, sections within
each part being at an increasingly more refined
scale of explanation. Partd is descriptive. Section
presents an overview of current research findings
concerned with how environmental conditions,
primary production and detrital decomposition
are influenced by nutrient availability] primarily
nitrogen and phosphorusCand are limiting to algae,
bacteria and fungi in biofilms. Section(] explores the
biological dillerences and functionally distinct proper-

ties of fungi in the detritus food web structure and

function, which may help to understand their role
in nutrient cycling. Section explores this theme
at a more refined scale by examining the role of
fungi in nitrogen fluxes within the biofilm matrix.
It explores the process of nitrate input and uptake
to the processes of mineralization, nitrification and
denitrification, the role aerobic-anaerobic interface in
biogeochemical cycling and nitrogen fixation. Part
0 is explanatory and is concerned with the form and
functional strategies of fungi embedded in biofilms.
Section] presents an overview of current research
directions. Section] explores the symbiosis of form
and function of the filamentous fungi as it relates to
fungi embedded in biofilms, and Section 3, examines
how the mucilaginous matrix that encompasses the
microbial communities known as ‘biofilms’ interacts
with those biota, especially with fungi. The final sec-
tionO 40 investigates the neglected area in the bio-
film research literature of how fungal extracellular
enzymes influence other micro-organisms.

In general, it is predicted that] 100 slower decom-
position rates and decreased nitrogen immobilization
in bacteria-dominant biofilms in the food webs of
LG-HN rivers are linked to relatively lower fungal
populations resulting from lower abundances of
fungivores and increased development of bacteria-
bacterivore food web$] see Steinman 19960 and
[ 20 reduced decomposition rates, reduced nitrogen
mineralization and higher nutrient immobilization
rates in fungal-dominant biofilms in the food webs of
HG-LN rivers are linked to relatively lower bacterial
populations and decreased bacteriavore abundances
[ see Steinman 1996[0]

Part 1

Microbial biofilms are primarily responsible
for stream processes such as primary production,
decomposition of particulate organic matter and nu-

trient uptake and retention. Autotrophs, mainly algae
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control the transfer of atmospheric carbon to higher
trophic levels, but microbial colonization by fungi and
bacteria are critical to the transfer of particulate
carbon through river food web$] Tank and Doods,
2003: 103200 Among other factors, for example, light
0 see Hill, 19960 temperaturé] see Steinman, 19960 and
invertebrate grazingl Steinman, 19960] and scouring
due to increased water flow Peterson, 19960 pri-
mary production and detrital decomposition are influ-
enced by nutrient availability] primarily nitrogen and
phosphorusCand are often limiting to algae, bacteria
and fungi in these ecosystems$] Wold and Hershey,
199901

0 10Fungi, algae and bacteria in biofilms and nutri-

ent cycling in rivers

Rivers are open ecosystems receiving mainly al-
lochthonous input suggesting internall autochthonous[J
cycling is unimportant and the supply of nutrients
for primary productivity is not dependent on internal
cycling processes. However, a review by Mullholland
[0 19960hows that while algal productivity is often
nutrient limited, it may be of considerable importance
in high gradient streams. The paradox is that within
the spatial parameters of the aquatic environment,
nutrient influx dilluses through the entire water body,
but the primary producers, for example, benthic algae
in biofilm matrices are restricted to the substratum.
That is, these micro-organisms can only assimilate
nutrients from their immediate local environment
leading to local limitatiom] Sigee 2005[] Local nutrient
cycling is extremely important for biofilms because
remineralization occurs largely on in the sediments,
in close proximity with the freshwater algaél see
Figured O

In rivers, bacterial populations are the most abun-
dant of all free-living freshwater micro-organisms
with population levels of 102 -108 cells ml-1 Sigee
200500 They are the most opportunistic of all free-

living freshwater biota and the ultimate r-strategists

0 Begon et al. 199600 In comparison, they are smaller
< 0.202.0 umthan the fungi and algaé] 2.000 20
um(] have a shorter cell-cycle duration, faster growth
rates, and higher nutrient absorption being able to
out-compete algae for nitrates and phosphates in
nutrient-limiting condition§] Begon et al. 1996[] They
have lower carbon assimilation efficiencies and
faster turnover rates than fungi, and as a result are
more important in determining the greater rates
of decomposition and organic matter losses in low
gradient compared with high gradient river§l Adu
and Oades 197801 The bacteria are primary coloniz-
ers of many benthic habitats and form permanent
bacterial biofilms on many different types of
substratdl Sigee 20050 with evidence to support
the notion that although bacterial biofilms form in
flowing waters[ Sigee 20050 they may not do so
in nutrient limited high gradient streams. Thus, a
comparatively greater bacterial production in LG-HN
streams should support an invertebrate population in
the regulation of bacterial populations and biomass
O Steinman 19960 These include predatiori] mainly
protozoa and rotifers] parasiti¢] viralCattack, inor-
ganic nutrient and DOC availability that, in terms of
the microbial food web, operate as top-down or bot-
tom-up control factor§] Sigee 2005: 3170] and seasonal
hypolimnetic oxygen depletiori] Ricciardi-Rigault ez al.
200000 Thus, a bacterial dominated benthi€l biofilm(
food web should enhance decomposition and miner-
alization as compared with a fungal-dominated food
web.

In terms of primary productivity, algae form a
dense periphyton matl macro-algae >200 y mCdistinct
from phytoplanktori] micro-algae <200 y mOwhich
are more widely dispersed in the water column, and
especially in fast-flowing waters, but the benthic and
planktonic phases are balanced over the longer-term
[J Sigee 2005 ; Vadebonceur et al. 20030] primarily by
the parasitic chytrid fungd Rhyzophydium planktoni-

cum spp.0 which reduces primary production and
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is one of the principal agents in freshwater environ-
ments leading to a decline in algal phytoplankton
populationg] Burdon, 1992; Van Donk and Bruning
199200 The benthic community is more adapted than
the planktonic phase to greater nutrient diversity
and uptake simply because it has greater access to
nutrients which are primarily located in the sedi-
ments, and rates of primary production, but internal
shading results in wide variation in photosynthetic
activities and influences how these biota are grazed.
The benthic phase may be simply a metabolically
inactive spore over-wintering in sediments. In
primarily benthic algal species, the planktonic phase
may originate by detachment of single cells or colony
fragments, or by formation of gametes and zoospores
as part of life cyclé] pelagic phases are important for
benthic organisms for dispersal and colonization of
new environments[l see Sigee 20050]

Filamentous fungi have an advantage over bac-
teria in biofilms. Fungal hyphae are not restricted
to the biofilm and can maintain growth and activity
where tolerance to low water potentials and low pH
is important] Cooke and Rayner 198401 Also, the hy-
phal growth form allows translocation of cytoplasm
within the mycelium that both conserves energy
and recycles nutrients. In this way, hyphal extension
through the biofilm may improve access to limiting
nutrients via fungal translocatiori] Klein and Paschke
20040 In addition, as hyphal growth proceeds, it has
been long known that nutrients are immobilized in
the walls of evacuated hyphae where their potential
for mineralization is low] Kassim et al. 1981[] This
would result in overcoming the fungal intolerance of
stressors such as increase rates of mineralization as
it would allow invertebrate raspers and scrapers to
access these nutrients directly] see Steinman 19960
Thus, a fungal based biofilm should support a domi-
nantly frugivorous fauna. For example, protozoon
communities comprised of Vampyrellid§l Arachnula

spp. and Vampyrella spp.[ Sigee 2005: 4100] peritrich

ciliate§] VorticellalJand coloniall Ophyridiumgenera.
[ Sigee 2005: 4190 In soils, fungivorous nematodes
feed on ‘protoplasmic’ material but also leave signifi-
cant quantities of nutrients bound in the cell walls of
empty hyphaél Coleman et al. 198401 In terrestrial eco-
systems, fungal feeding by microarthropods groups
stimulates microbial growth and, thus, enhances
decomposition and nutrient immobilization indirectly
0 Santos and Whitford 19810 But, in contrast, intense
fugivorous grazing also increases rates of mineraliza-
tior] Beare et al. 1989(] and microarthropods enhance
decomposition through the comminution of plant
detritu$] Seastedt 1984[] Thus, the expectation is
that fungal-based biofilms in the food webs of high
gradient-low nutrient streams reduce litter decom-
position rates and increase nutrient retention in
comparison with bacterial dominant biofilms in low

gradient-high nutrient streams.

[ 20Detritus food web structure and nutrient cycling

Understanding dilerences in the biologically and
functionally distinct properties of fungi in detritus
food web structure and function may be important in
understanding nutrient cycling] Holland and Coleman
1987; Beare et al. 1992[] but the casual mechanisms
involving the form and functioning of filamentous
fungi in micro-scale freshwater ecosystems appear to
have been largely ignored] see Part(] [0 Focus in this
section will be on those compounds containing nitro-
gen with necessarily limited reference to the other
major nutrient$] phosphorus and silicon see Sigee
2005: 2340

The availability of the key nutrient$§] carbon,
nitrate, and phosphatelin freshwater ecosystems
depends on soluble inorganic concentrations within
small-scale ecosystemé&] Porta et al. 2003[Ithat, in turn,
depend on allochthonous and autochthonous inputs
from the water mediunt] including sediments( and
on nutrient cycling, the specific focus of this paper.

In general, as outlined in Figure above, the key nu-
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Figurel O Overview of role of fungi in nutrient cycling] Adapted from Mullhollandl 19960J& Sigeel 2005[11

trient&] carbon, nitrate, and phosphateCenter the food consumers via the food chain. During these transfor-
chain mainly in dissolved inorganic form by direct mations, the nutrient is associated with a succession
uptake into, primarily, freshwater algae and bacteria of macromolecules. Finally, the nutrients are released
with conversion to insoluble inorganic biomass. The back into water and revert, in a process known as
chemical state of the nutrient undergoes a sequence remineralization, to a soluble inorganic or(J biologi-
of changes as it transferred from one herbivorél in- cally-available nutrientCorganic form. For example,
cluding protozoa, zooplankton, fishCand then higher soluble organic phosphate is converted to phosphate
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anions] the most readily assimilable nutrient state
[J Sigee 2005: 2430 Insoluble biomass is converted to
soluble organic material via secretory activity] algae(]
excretior] herbivores/carnivores(] and the break-
down of detritus by saprophytic fungi, bacteria and
protozoa in a classic definition of the role of fungi
in decomposition. Viruses and parasitic fungi also
enhance the release of organic material during infec-
tion and ultimate host cell death. Dissolved inorganic
nutrient§] DINCare released by all groups of biota
derived from DIN by activity of bacterial and algal
extracellular enzymes, but there is no literature on
the release of fungal extracellular enzymes in fresh-

water environment$] see my Part 0 Sectiond [l

0 30Nitrogen Transformationd based on Sigee 20050

Nitrate entry and uptaké] 1llinvolves the conver-
sion of soluble inorganic to insoluble organic nitro-
gen. Nitraté] NO3 [lis the major biologically available
form of nitrogen and enters freshwater ecosystems
systems via rain, soil or downstream flovi] allochtho-
nous inputs(l

[0 20NOs3 is taken-up by freshwater algae which
constitute the major biomass within the ecosystem
where it is converted to algal protein. This involves
complex biomass transformations of successive
states of insoluble organic nitrogen from inorganic
to complex organic nitrogen combined with carbon
compounds$] Heldt 199700

[0 300This complex organic nitrogen in algal and
bacterial biomass is broken down and reconverted to
other forms of biomass in trophic sequence through
consumption by herbivores, and primary and second-
ary carnivores. Thus, organic nitrogen passes along
the classic food chain and ends up as,

0 4Corganic detritus that passes to sediments.
Most organic nitrogen in freshwater ecosystems is
present as plant or animal particulate nitrogen in
dead or living material and is converted to dissolved

organic nitrogen by heterotrophic bacteridl Sigee

20050 Conversion of complex organic nitrogen to am-
monial inorganiclis the first step of re-mineralization;
that is, the conversion of insoluble organic to biologi-
cally available soluble inorganic nitrogen, a process
that causes a decline in fungal population§] Klein et
al. 199801 The next and final step in the remineraliza-
tion process is the conversion of ammonia NH4" to
NO3zJ Kalff 20020 | shall explore this process later
[ see Partl [

050 In addition, biomass conversions and nitro-
gen transfer occur via parasitic activity, especially
the elects of fungi on phytoplankton, and viruses on
phytoplankton and bacteria. Conversions also occur
via the microbial loop but this does not concern us
heré&l see Dobson and Frid 1998L]

0 60 Major transformations of soluble inorganic
compounds occur on the river sediments. Detritus
sinks to base of water column decomposing to am-
monia. Under aerobic conditions, this is converted to
nitrate in a process called nitrification and leads to a
readily available source of nitrogen which can easily
be assimilated by algae and bacteria. Nitrification is
largely carried out by chemosynthetic bacterial Kalf
200200and results in the oxygen depletion which may
lead to anaerobic sediments in rivers and streams

[J Sigee 20050] There is no research evidence in fresh-
water ecosystems that suggest fungi have any role
in this process, however, in terrestrial ecosystems,
complex organic nitrogenous compounds such as
proteins, amino acids, nucleic acids and nucleotides
are rapidly decomposed into simpler compounds
by soil-dwelling saprophytic bacteria and various
[ unspecified(fungil Beare et al. 1992[] These micro-
organisms incorporate nitrogen into amino acids and
proteins and release excess nitrogen as ammonium
iong] NH4+0in a process called ammonification, or
nitrogen mineralization. In soil, ammonia produced
by ammonification dissolves in soil water where it
combines with protons to form the ammonium ion

and, in some ecosystems, the ammonium ion is not
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rapidly oxidized, but remains in the soil suggestive
of nutrient immobilization in biofilm. Plants growing
in these soils are able to take up NH4* and use it in
synthesis of plant proteiri] Beare et al. 1992[]

0 70 In contrast, denitrification, the conversion of

nitrate to nitrogen, occurs under anaerobic conditions
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and involves a loss of available nitrogen within the
freshwater ecosystem and is a universal anaerobic
process in soils in which nitrate is reduced to volatile
forms of nitrogert] N2 and N20Owhich then returns

to atmosphere. It is the reduction of nitrogen oxides

Nitrogen fixation —
Blue-green algae

1

Nitrogen fixation —

Bacterlia /
I
|

Organic Detritus

Figure O O Nitrogen transformation with emphasis on the role of fungal-based biofilms

0 NO3, NO2 [to di-nitrogen gas&! N20J with gaseous
oxide§] NO, N2O[has intermediate products. The pro-
cess is largely carried-out by facultative anaerobic
bacteria in the genus Pseudomonas, but Sigeél 20050
suggests that other bacterial e.g. Achromobacter, Bac-
cilus, MicrococcusCand fungi in the enzyme class oxi-
doreductases may also be involved] see Tabled O As
facultative anaerobes, all these micro-organisms use

dissolved oxyger] DO[as the terminal acceptor in

O

aerobic conditions, but have the capacity to use NOs
as the terminal acceptor in respiration when DO is
limited. The anaerobic oxidation of organic matter
0 denitrificationOleading to formation of nitrogen gas
is described as follow$] Kalll 20000

0 CH200ds! NH3sOk! H3PO4O+ 94.4HNOs —> 106CO2 +
55.2N2 + H3POg4 177.2 + H20
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The Aerobic/anaerobic Interface in Nutrient Cycling
Unidirectional flow of water displaces nutrients as
they complete their cycle through the biota, but there
are localized regions where this is minimal. These
arise at the benthic boundary layer at the base of the
water column and supplementary boundary layers
directly associated with benthic organisms. They are
formed by the interaction of river flow with biomass
surface leading to a zone of static water both inside
and at the edge of the benthic communitie§] Mullhol-
land 1996[and defined as the region with a velocity
gradient from 0 -90% of the free external velocity
[ Borchardt 1996; Allan 1995[] Boundary zones are
important in localized nutrient cycling since they
support a range of unattached organisms&] algae, pro-
tozoa, invertebrateslinvolved in the cycling process
and which would otherwise be swept away in the
current. They are also important sites of nutrient
retention since both soluble and particulate nutrients
remain in the locality rather than being lost down-
stream Nutrient regeneration and cycling are basic
in river systems where they may be a major factor
in maintaining high levels of primary productivity

A biochemical and spatial distribution of the
processes of nitrification and de-nitrification occur
in aquatic systems where nitrification occurs on the
aerobic side of the aerobic/anaerobic interface of the
water colummn] oxyclinelland sediment$] Sigee 20050,
but there is no research literature specified for
freshwater lotic ecosystems. Nevertheless, utilizing
the concept of the boundary layer, it may be pos-
sible to extrapolate the findings in oligotrophic lakes,
wetlands and estuarine ecosystems to streams. Sedi-
ments in these ecosystems where there is an aerobic
surface and anaerobic subsurface exhibit both nitrifi-
cation and denitrification. In the sediments, nitrifica-

tion takes place in the upper aerobic regions where

there is a high supply of ammonia due to biomass
breakdown and denitrification occurs lower down
on the anaerobic side of the interface where there
is a supply of nitraté] NOz[Jfrom nitrification to act
the electron acceptor for respiration. Nitrate from
nitrification and nitrogen gas from denitrification also
diffuses from the sediments into the water column
O Figured O

Part]

Three major themes are explored in this section,
0 1Cthe form and function of the filamentous fungi,
[ 200fungal interaction of the mucilaginous matrix ex-
creted by the algae and] 30the importance of extra-
cellular enzymes in degradation in an attempt to
explain the high-gradient-low nutrient and low gradi-
ent-high nutrient continuum, and in this the aerobic

filamentous fungi may be a key microbial group.

0 10An Expanded Role for Fungi in Biofilms

In terrestrial micro-environments, many fungi] un-
specified in the literaturelCcontrol plant degradation
through their translocative abilities that make nu-
trients and water available to other components of
the soil biota. Their structure and function are inex-
tricably linked] Zak and Visser 19960] but they also
are symbiotically associated] in an ectomycorrhical
styleC\with the algae. Based on the unique synthe-
sis of form and function observed in the terrestrial
lifestyle of the filamentous fungll Klein and Paschke
20040] the filamentous fungi in freshwater micro-
ecosystems should also be expected to play a central
role in detrital decomposition and biogeochemical
nutrient cycling. These functions would include not
only decomposition of organic matter and release
of minerals, but also immobilization of nutrients in
fungal biomass and their release with biomass
decomposition, the movement of nutrients in the fun-
gal hyphal unit, the transport of nutrients between

micro-organisms in biofilm, the release of enzymes
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that influence other micro-organisms, acting as a
reservoir for viruses and endobacteria, playing a role
in the aggregation of microbial communitie§] Chelius
and Tripplet 19990] and having elects on reproduc-
tiord Klein and Paschke 2004; Christensen 19890

The functioning of fungi in soils, and by presumption
in freshwater environments, include sophisticated
sensory process that make it possible for fungi to
respond to voluble and soluble chemicals, surfaces,

physical environment factors, gravity, electrical fields
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Figure O 0 Role of fungi in biofilms in nitrification and denitrification in river ecosystems

[ Olsson et al. 1995[]

0 20 Symbiosis of form and function of fungi in bio-
film nutrient cycling

Of primary concern to understanding the role of

fungal biofilms in nutrient cycling in freshwater

micro-ecosystems is the immobilization of nutrients

in biofilms, however, there is no literature on this in
limnology, but a limited and provocative literature
in soils on the symbiosis of form and function of the
filamentous fungi in soils which is used as an
explanatory model in this present literature review.
In terrestrial micro-environments, the symbiosis of

form and function has been explored in terms of
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the immobilization of nutrients in fungal biomass,
their release with biomass decomposition, the move-
ment of nutrients in the fungal hyphal unit, and the
transport of nutrients between micro-organisms. An
extensive and recent literature also exists on the
release of fungal extracellular enzymes that influence

other micro-organismé&] see An 20050]

Nitrogen Fixation
The role of fungi in nitrogen fixation in freshwater
ecosystems is unexplored which is surprising consid-
ering that the extensive literature concerned with
the contribution of fixation to the nutrient budget
in lentic waters] see Sigee 2005C0and in terrestrial
ecosystems$] Reid and Perez-Moreno 2003[] In stand-
ing waters, nitrogen fixation varies with the nutrient
status of the water body, especially the total levels of
available nutrients and the balance between nitrogen
and phosphorus, as well as varying with seasonal
cycles. However, there is tantalizing information
available from research findings in terrestrial envi-
ronments that could be applied to freshwater ecosys-
tems and algal-fungal biofilms. It has been suggested
that selection has favoured ericoid and extomycorri-
hzal systems with well-developed saprotrophic capa-
bilities in these ecosystems which are characterized
by the retention of nitrogerid NCand phosphorusl PO
as organic complexes in the soill Reid and Perez-
Moreno 2003

The extent to which mycorrhizal fungi are in-
volved in the mobilization of N and P in soils involves
shifts from lower to higher latitudes, or altitudes and
their elects on temperaturé] climateCand indirectly
on decomposition which are observed to lead to
fundamental changes in nature of soil as a nutrient
source for plants. These gradients involve progres-
sive increases in the extent to which N and P are
sequestered in organic forms which are unavailable
to autotrophs. Thus, at any point along the gradient

length, selection would favour associations between

plants and fungi mutualists capable of unlocking
the two key growth limiting resources. The min-
eralization of N and P in agricultural soils involves
a sequence of processes for which living microbial
biomass provides the enzymes and dead microbial
material, much of the substraté] Mengel 1996(] But a
large proportion of microbial biomass and necromass
of soils in most ecosystems consists of the mycelium
of mycorrihzal fungiJ Hogberg and Hogberg 20020
and access to photosynthate from their autotrophic
partners releases this component of microbial bio-
mass from carbon limitation so providing it with the
potential to play a major role in nutrient mobiliza-
tion. The consequences of ability of mycorrihzal
fungi to intercede in the processes otherwise leading
to release of N and P in ionic form is considerable in
terms of provision for their host plants of nutrients.
Mycorrhizal research has emphasized the role of
symbiosis in the facilitation of capture of these
nutrients in ionic form, but since the 1980s the
analysis of their abilities to release N and P from
the detrital materials of microbial faunal and plant
origins have been neglected] Reid and Perez-Moreno
20030 Ericoid and some ectomycorrizhal fungi have
potential to be directly involved in attack on struc-
tural polymers which may render nutrients inacces-
sible and in mobilization of N and P from organic
polymers in which they are sequestered. There are
advantages to the plant in achieving intervention
in the microbial mobilization- immobilization cycles
0 Reid and Perez-Moreno 20030

Filamentous Fungal Growth

Most recent investigation of the filamentous fungi
growth and function involves the assessment of cy-
toplasm filled and evacuated rigid tubular hyphae in
fungi in terrestrial environment&l Gooday 1995[] The
vegetative structure of filamentous fungi in soils is
indeterminate and diCJcult to quantify] Rayner et al.

19940 having a three-dimensional hyphal network
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with no pattern or structure and with many fractal
qualitie§] Olsson 200; Prosser 199501 It is primarily
dependent on resource availability and distribution.
The mycelium is described as a functional mycelium
unit] FMUDOwhere nutrient capture and use involves
balancing exploratory] hyphal extensionCand exploi-
tivé] cytoplasm synthesisOmodes of growth] Olsson
20010

The synthesis of hyphae versus cytoplasm in
terrestrial micro-environments is controlled by the
characteristics and distribution of available nutrients
[ Paustian 1985Cand can be influenced by the pres-
ence of added nitrogeri] Paustian and Shnurer 198701
Cytoplasm is moved into new areas of hyphal exten-
sion and as a result, hyphae are left empty of cyto-
plasm as resources in a localized area are exhausted
O Carlisle 19950] In soils, it has been found that
the tubular hyphal network is mostly comprised of
empty hyphal tubes from which cytoplasm has been
evacuated] Klein and Paschke 20040 Understand-
ing the lifestyle strategy of the filamentous fungi is
based on the cytoplasm being only maintained in
the hyphae if nutrients are available. Of significance
to nutrient cycling in biofilms, however, is that
fungi thrive on resource heterogeneity in soil§] Dea-
con 1997: Davidson 1998; Daniell et al. 2001; Klein
and Paschke 200400 The cytoplasm is translocated
through hyphé&l Paustian 1985[] depending on envi-
ronmental conditions, including levels and ratios of
nutrient resource$] N: P[] and physical distribution
of nutrients which involve focal sites of microbial
denitrificatior] Pusch ef a/. 19980 If nutrients are
unavailable at a particular micro-site in the myce-
lium, the filamentous fungi have the ability to take-
up resources in amounts greater than needed at a
specific location and translocate those resources to
other regions of the biofilm over extended distances,
in addition to crossing air gaps. If the nutrients are
not required, they are degraded or used for the syn-

thesis of resting sexual and asexual propagules. The

fungi respond to decreased nutrient availability by
sporulating and the spore forms the resting struc-
turé] Burdon 1992; van Donk and Bruning 1992; Grif-
fin 19850

Further exploratory work needs to be under-
taken in biofilm research in the immobilization of nu-
trients in fungal biomass which penetrate biofilms in
high gradient-low nutrient streams, the release of nu-
trients with biomass decomposition and their move-
ment in the fungal hyphal unit, and the transport of
nutrients between micro-organisms, especially the

freshwater algae.

0 30Role of the Mucilaginous Matrix

Large populations of mucilaginous algae, for example
blue-green algae such as Microcystis and Anabaena
are widespread in a range of freshwater ecosystems
[ Sigee 20050 These algae are characterized by high
levels of surface mucilage which influence the chemi-
cal and ecological properties of micro-ecosystems.
While not directly concerned with lakes, the follow-
ing evidence may be transposed to rivers. For ex-
ample, in investigation of a temperate eutrophic lake
Tien et al] 2002Cestimate that cell-associated muci-
lage occupies 0.1-7 x 107 of lake water volume within
the epilimnion over the annual cycle, the highest
value reached during autumn bloom of Microcystis.
Seasonal variation in the total volume of associated
mucilage reflects the succession of mucilage form-
ing species, but did not correlate with concentration
of soluble EPS in the lake water which ranged in
concentration from 250 60mg 11 The derivation
of soluble EPS suggests that surface mucilagél cell-
associated polysaccharideldoes not simply diffuse
into surrounding water and that soluble lake water
EPS concentration relates more to algal secretion,
and bacterial and zooplankton activity] Sigee 200501
Soluble EPS has a combined role with surface mu-

cilage in the adsorption of cations from lake water
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in particular, influencing the availability of trace nu-
trients, the sequestering of toxic meals, allecting pH
and playing a role in several biogeochemical cycles
[J Sigee 2005: 13301

Chemical Composition
As would be expected of a group exploiting the

aquatic habitat, many of the products found in the

A

Figurel O Young mycelium in active growth phase
0 AQ with all mycelium filled with cytoplasm. Adapted
from Klein and Paschkell 20040]

algal cells, and it has important ecological implica-
tions concerned with biogeochemical cycles. Even
non-mucilaginous alga have surface layer of polysac-
charide materiall a thin sugar-rich layer of surface
layer of diatom Pinunulari@] Chiovitti et al. 20030
Algal mucilage is a complex macromolecular net-
work enclosing a water matrix; it is more than 95%
composed of water and its chemistry is dominated
by macromolecular component and exposed sugar
and charged groups associated with thi§] Sigee 2005:
1310 Analyses of surface slime of blue-green algae
e.g. Microcystis flos-aquae and gas chromatographic
analyses of other blue-green algae reveal surface
polysaccharide-based mucilage with detectable levels
of proteins. The polysaccharide closely resembles

higher plant pectin with glacturonic acid as main

algae have distinctive biochemical characteristics
0 Bell and Hemsley 2000: 2001 There are diJerences
in mucilage surface nanostructure and in dynamic
properties] adhesion and stretchingCof surface poly-
mer chaingl Higgins et al. 20030seen via AFMI atomic
force microscopyl The following relates to phyto-
plankton in lakes. The outer mucilage layer increases

overall size, it confers distinct surface chemistry to

B

Older myceliunt] BOwith cytoplasm translocated to
other areas of hyphal extension, leaving empty

hyphae behind.

sugaf] pectin is a polymer based on galacturonic acid
0 a common component of algal cell walls sometimes
forming a distinct outer sheaf] e.g. Scenedesmus[1 Bell
and Hemsley 2000:20Cwith minor neutral sugars] e.g.
galactose, lucose, xylose, amnose, and rhamnosel]
Many algae accumulate fats and oils compared with
starch] and other algae, polyhydric alcohols[1] Bell
and Hemsley 20000 Chitin is a nitrogenous structural
polysaccharide found in outer wall layer in Cladopho-
ra prolifera and possibly Oedogoniuni] Bell and Hems-
ley 20000 but it is also the principal component of
fungal cell wall§] Raven et al. 20030

Surface sugars are an important biochemical
feature of mucilaginous algae and non-mucilaginous
algaé] Senbusch and Muller 1987(] These multivalent
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carbohydrate-binding proteins are highly specific to
particular sugar groups and include molecules such
as Concanavalin Al ConA binds to mannose, glucose
and N-acetylglucosaminel] Surface biochemistry is an
important aspect of biodiversity with each individual
species expressing its own particular combination of
surface molecules at the environmental interfacé] see
Sengbusch and Muller 19870 The functional role of
the surface sugars has not yet been clarified, but has
clear potential as receptor molecules for communica-
tion between and within algal species, species patho-
gen recognition, and attachment of a wide range of
organisms] protozoa, fungi, bacteria, virusesl Sen-
busch and Muller 19870

Functiof] based on terrestrial micro-ecosystems[]

The root tip of plants is covered by a mucigel sheaf
that lubricates the root during its passage through
soill Raven et al. 2003: 592(] enabling it to establish
a more intimate contact with particles of soil and
influence the availability of ions to the roots. Mucigel
provides an environment favourable to nitrogen-
fixing bacteria by providing the root with short-term
protection from desiccation. The hyphal network
extends far beyond mycorrhizae making it possible
for the plant to obtain water and nutrients from a
larger volume of soil than possible by root hairs. In
general, mucilage in plants provides an increased
area for attachment, a solid substratum for a range
of epiphytic organisms] bacteria, protozoa, fungi, and
other algael] provides a site of attachment, provides
a medium within which motile organisms can move ,
and provides a major source of nutrients. A further
factor is the adsorption of anions and cations. Algae
with a large amount of mucilage have higher capac-
ity for adsorption which has potential significance for
the uptake of nutrients from aquatic medium and for
the ability of algal cells to resist heavy-metal toxicity.
These adsorption characteristics are not restricted to

algal cells and are typical of micro-organisms such as

fungll Sag et al. 199801

There are many possible candidates for specific
associations between fungi and algae in biofilms in an
attempt to explain how the filamentous fungi utilize
the EPS matrix. The following are some with poten-
tial for future exploration. Specifically, many unicel-
lular algaél singly and in coloniesCand unicellular
reproductive cells of more complex algae are motile.
In some prokaryote form&l CynanophytesCand in some
eukaryote form§l diatoms, e.g. Bacillariophytal] move-
ment is achieved through directed jets of mucilage
0 Bell and Hemsley 200: 200J Cyanophytes are compo-
nents of some lichens and this symbiotic association
is related to ability of many species to both photo-
synthesise and fix atmospheric nitrogen with release
of valuable metabolites to the hostl e.g. rice padilJ
0 Bell and Hemsley 200:27C] Chlorophytall contains
chlorophylls a and blis found in mainly freshwaters,
specifically Chlorophyceaél order Volvocalesl] The
Volvocales form motile colonies, composed of identi-
cal cells. For example, Gonium spp. has a flat plate
of 4 to 16 cells held together in a tough mucilaginous
matrix. Volvox is another example but of interest
is that the mucilage surrounding colonies of Volvox
aureus is inhabited by the bacterium Pseudomonas
fluorescens. Daughter colonies removed aseptically
from the centre of the parent are not viable unless
supplied with the bacterium, a symbiotic relationship
widespread in the algaé] Bell and Hemsley 2000:44[]
Tetrasporales cells lack flagella and move only feebly
in the mucilaginous matrix with motility usually only
in reproductive stage§] zoospores and gametes] Bell
and Hemsley 2000:450 The cell walll inner layer of
cellulose and outer layer of iron compounds and sili-
callof Desmidale§] class Charophyceael] and the cell
is surrounded by mucilage secreted by minute pores.
Chrysophyta O contains chlorophylls a and clis found
in mainly freshwaters. The palmelloid and coccoid
form&l e.g. HydrurusCforms brownish layers on rocks

in alpine streams and has a branching mucilaginous
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matrix. Bacillariophytal contains chlorophylls a and
clis found in mainly freshwater§] Bell and Hemsley
2000:820 Pennale$] pennate diatoms] A common
free-floating diatom is Pinnularia which performs small
jerky movements caused by a jet of mucilage ejected
from the raphe and the secretion of mucilagel in
which acidic hemicelluloses predominateliis continu-
ous. In diatomic blooms, mucilage accumulates in
considerable quantities. Gomphonema in the pennate
O colonial form is found as a slimy brownish coating

in running freshwatef] Bell and Hemsley 2000:83C]

040 Fungal extracellular enzymes that influence
other micro-organisms
The conversion of insoluble inorganic material to
soluble organic or inorganic molecules can occur by
passive leakage or excretion of nutrients from algal
cell§] this paper is not concerned with the release of
soluble organic nutrients, dissolved organic carbon
and dissolved organic matter] algal cell lysis by
physical /chemical agents or viruses, and the break-
down of insoluble biomass and further hydrolysis of
soluble organic compounds by algal, bacterial and
fungal extracellular enzymes. For example, the en-
zymes of bacterial and fungal cell-wall synthesi§] e.g.
transpeptidases, glucan synthetases(] and the pro-

tein kinases and polysaccharide synthetase$] glucan,

chitinCld Shulman and McCallum 2005:3230 Further,
as shown in Table 1, the wide catalytic repertoire of
the filamentous fungi and their enzymes to catalyze
a diverse range of chemical reactions have been
ignored in the literature of freshwater ecosystems
[ see Chartrain and Sturr 20050 The filamentous
fungi are the catalyst for redox reactions in freshwa-
ter environments, and the most common reactions
mediated by whole cells are oxidoreductions. These
reactions include reductions of carbonyls, hydrolx-
ylations] -OH group(] sulfoxidations, epoxidations,
Baeyr-Villiger, and O-dememythlation§] Raven et al.
20030 They also include the Carbonyl§] -C=0Uor
monosaccharide$] simplest carbohydrates CH20 see
Raven 180 which function as building blocks, act as
an energy source, and are hydorphylic. Enzymatic
biocatalysis of C-C bond$] hydrolases[Jare not com-
monly observed] Charmain and Sturr 2005:569C]

Concluding Comments

In general, | could find no direct evidence in the
research literature to support the prediction of
slower decomposition rates and decreased nitrogen
immobilization in bacteria-dominant biofilms in the
food webs in association with fungal population size
of biofilms in low gradient- high nutrient rivers. Nor

was there direct evidence to support the contention

Tablel] OEnzyme Class and categorization’] adapted from Chartrain and Sturr 2005: 5650

Enzyme Class Reaction

Oxidoreductases Oxidation reductions
See p 573
Transferases
Hydrolases
Lyases

Isomerases
Ligases

Oxygenation of C-H, C-C, and C=C bonds

Transfer of various groups such as acyl, sugars, methy!l etc.

Hydrolysis of various bonds resulting in the formation of amides, esters, acids etc
Additions to double bonds such as C=C, C=0, C=N, etc

Racemization of cis-trans, bond migration, epimerizations
Formation of C-C, C-N, C-O bonds

See more detailed classification of extracellular fungal enzymes at http://genome.ad.jp/db get_bin/get-

htext?Ec table
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that decomposition rates and nutrient immobilization
are due to decreased rates of grazing and, of
central importance to my argument, of increased
development of bacteria-bacterivore food webs.
Reduced decomposition rates, reduced nitrogen
mineralization and higher nutrient immobilization
rates in biofilms of high-gradient-low nutrient
rivers may be associated directly with the fungal
population size of algal-dominated biofilms and
linked to relatively lower bacterial populations and
decreased bacteriavore abundances. However, there
are findings in this review] presented below[that
may be of importance to understanding the role of
fungi in biofilm established in Zone 1 clean waters as
proposed by Round? 1993[] that is, in the uppermost
reaches of a river which consists of a complex of
predominantly fungi-algae biofilms in rilJe sequences
and periodically exposed hard rock surfaces, and less
abundant fungi-bacteria based biofilms in permanent
deep water ponds, eddies and backwaters in which
submerged litter packs decomposél Suberkropp and
Chauvet, 1995; Suberkropp and Klug, 19760 The
relevance of any conclusions draw, however, must
be extrapolated from the extensive literature
on the form and function of fungi in terrestrial
environments, and the recent spate of investigations
of the role of fungi within the biofilm matrix at the

bottom of lakes.

Specific Findings

[0 [n the process of decomposition, insoluble biomass
is converted to soluble organic material via the
release of extracellular enzymes by saprophytic
fungi. Parasitic fungi also enhance the release of
organic material via the release of extracellular
enzymes during infection and ultimate host
cell death. While the activity of bacterial and
algal extracellular enzymes is well-researched,
but there is no literature on the release of

fungal extracellular enzymes in freshwater

environments.

[J [(Most organic nitrogen in freshwater ecosystems
is present as plant or animal particulate nitrogen
in dead or living material and is converted via a
process known as remineralization. The process is
observed to cause a decline in fungal populations.

[J [Biomass conversions and nitrogen transfer occur
via parasitic activity, especially the elCects of fungi
on phytoplankton.

O [Nitrification is largely carried out by chemosynthetic
bacteria under aerobic conditions but there is no
research evidence in freshwater ecosystems that
suggests fungi have any role in this process.
Evidence from terrestrial ecosystems, shows
complex organic nitrogenous compounds are
rapidly decomposed into simpler compounds
by soil-dwelling saprophytic bacteria and
variou§] unspecified(fungi in a process called
ammonification, or nitrogen mineralization. In soil,
ammonia produced by ammonification dissolves
in soil water where it combines with protons to
form the ammonium ion and, in some ecosystems,
the ammonium ion is not rapidly oxidized,
but remains in the soil suggestive of nutrient
immobilization in biofilms.

[ [Denitrification is largely carried out by facultative
anaerobic bacteria, but fungi in the enzyme
class oxidoreductases may also be involved. As
facultative anaerobes, all these micro-organisms
use dissolved oxygeril DOlas the terminal
acceptor in aerobic conditions, but have the
capacity to use NOs™ as the terminal acceptor in
respiration when DO is limited.

0 Orhe consequences of ability of mycorrihzal fungi

Oin terrestrial environmentsOto intercede in the
processes otherwise leading to release of N and P
in ionic form is considerable in terms of provision
for their host plants of nutrients. Mycorrhizal
research has emphasized the role of symbiosis

in the facilitation of capture of these nutrients
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in ionic form. Ericoid and some ectomycorrizhal
fungi have potential to be directly involved in
attack on structural polymers which may render
nutrients inaccessible and in mobilization of N
and P from organic polymers in which they
are sequestered. There are advantages to the
plant in achieving intervention in the microbial
mobilization- immobilization cycles which should
be explored within the biofilm matrix.

O 0Oin a unique synthesis of form and function,
filamentous fungi in freshwater micro- ecosystems
play, not only a role in decomposition of organic
matter and release of minerals, but are also
involved in immobilization of nutrients in fungal
biomass, movement of nutrients in the fungal
hyphal unit, transport of nutrients between micro-
organisms in biofilms, and the release of enzymes
that influence other micro-organisms.

0 On soils, fungi thrive on resource heterogeneity
in soils. Cytoplasm is translocated through hypha
depending on environmental conditions, including
levels and ratios of nutrient resource§] N:P[J and
physical distribution of nutrients which involve
focal sites of microbial denitrification.

O Orhe fungi respond to decreased nutrient
availability by sporulating and the spore forms
the resting structure.

10[Chitin is a nitrogenous structural polysaccharide
found in outer wall layer in Cladophora prolifera
and possibly Oedogonium, but it is also the
principal component of fungal cell walls.

110The functional role of the surface sugars in
the EPS matrix has not yet been clarified, but
has clear potential as receptor molecules for
communication between and within algal species,
species pathogen recognition, and attachment of a
wide range of organisms, including fungi.

1200rhe filamentous fungi are the catalyst for redox
reactions in freshwater environments, and the

most common reactions mediated by whole cells

are oxidoreductions. These reactions include
reductions of carbonyls, hydrolxylations] -OH
group sulfoxidations, epoxidations, Baeyr-
Villiger, and O-dememythlations. They also
include the carbonyl§] -C=0Cor monosaccharides
which function as building blocks, act as an
energy source, and are hydorphylic. Enzymatic
biocatalysis of C-C bonds$] hydrolaseslare not
commonly observed.

13[Algae with a large amount of mucilage have
higher capacity for adsorption which has potential
significance for the uptake of nutrients from
aquatic medium and for the ability of algal cells
to resist heavy-metal toxicity. These adsorption
characteristics are not restricted to algal cells and
are typical of micro-organisms such as fungi] Sag
et al. 19981

1400The outer mucilage layer increases overall size,
it confers distinct surface chemistry to algal
cells, and it has important ecological implications

concerned with biogeochemical cycles.

Appendix |

Taxonomic and Trophic Diversity of the
Freshwater Fungill adapted from my previous

paperd

Although fungi and other freshwater organisms
can be categorized as planktonic and benthic, and
there is a greater mass of micro-organisms in benthic
sediments than in water column, most species has
both attached] benthicCand planktonic phases in
dynamic equilibrium within their life cyclél Sigee,
2005: 134-135[] the separate phases clearly showing
considerable differences in metabolic activity. In
primarily benthic species, the planktonic phase may
originate by detachment of single cells or colony
fragments, or by formation of gametes and zoospores

as part of the life cycle. In the identification of
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fungi, it is necessary to take account of zoospores,
germlings, intermediate stages, mature sporangia,
method of zoospore discharge, resting spores, and
nature of rhizoidal systenti]i.e. number of rhizoidal
axes, branching pattern, nature of rhizoidal system
where it attaches to sporangium rhizoidal tipsO
0 Raven et al., 20030 However, the consistent isolation
of the currently acknowledged microsporic fungi
freshwater fungi while representatives of all fungal
classes can be found or isolated from freshwater
habitats but are rarely documented, alerts to the
possibility that the hyphomycetes represent the
asexual loop in the life cycle of the true fungi. That
is, these fungi only achieve ecological significance as
aquatic micro-organisms in their so-called imperfect
0 asexualCstate as members of Deuteromycota.

A fundamental problem in defining a role for fungi
in benthic microbial communities is that while they
are found in every environment and are estimated
to constitute about 25% of the earth's biomass§] Miller
1992; Seo 2004: 689(0] there is only limited knowledge
of their abundance and diversity in freshwater
ecosystems. Recent evidence, for example, suggests
that while representatives of all fungal classes can be
found or isolated from freshwater habitats; these are

0 10Chytridiomycetes and Hyphochytridiomycetes;
0 20Peronosporomycete$] formerly Oomycetesj 30
Ascomyceted] 40mitosporic fungi, and] 50yeasts,
their documentatation in freshwater habitats is
rarel] Shearer et al., 2004: 5130 Reviews of fungi
and fungal-like micro-organisms in the breakdown
of leaf and other organic matter in freshwater are
provided by Jone§] 19740) Thomas et all 1988[] Cribb
and Cribla] 19930 The ecology of freshwater fungi
gives an overview of what is known about zoosporic
fungi, in particular chytrids associated with algae, and
zoosporic fungi from soils and aquatic site§] Karling,
1977; Czeczuga and Woronowicz 1992; Powvell, 1993[] The
following] TableOl O however, provides an outline

of current knowledge of the taxonomic and trophic

diversity of freshwater micro-organisms with the

mycelial growth habit.
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Tabled O Taxonomic and trophic diversity of freshwater micro-organisms with the mycelial growth habit

Phylum/ Order

Taxa/ genus/ spp.

Habitat
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References
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Chytridiomyceetes
Chytridales

Blastocladiales
Monoblepharidales
Spizellomycetales
Neocallimastigaeles
Hypochytridiomycetes

Zygomycota
Zygomycetes
Trichomycetes

MITOSPORIC
FUNGI
Ascomycotall 020 reps
in freshwatersQJ
Heliotales
Pleosporales
Sordariales
Melanommtales
Eurotiales
Halosphaeriales
Hyphomycetes
0 Ascomycotall
Aquatid] only achieve
ecological significance
as aquatic organisms
in imperfect] asexual
state as members of
Deuteromycotall

MITOSPORIC FUNGIB
asidiomycota
Hyphomycetes

As with Ascomycota,
only achieve

ecological sig. as
aquatic organisms in
imperfect] asexuall
state as members of
Deuteromycota
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spp.
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Blastocladiella
Coellomomyces
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4 families; 6 genera
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90 spp.
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Aquatic
Aquatic
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small invertebrates
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semi-aquatic plantsQ]
Saprotrophic
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