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Catherine M.Hesketh
ON AQUATIC HYPHOMYCETES

M.Sc. Dissertation

University of Durham
ABSTRACT

Thisqgﬁggggwgontains a review of much of the recent literature on
the naturc and ecology of those imperfect fungi known as aquatic
Hyphomycetes, and an account of a field investigation of these fungi
in flowing waters in, and a*ound Durham City.

The review discusses the fungi themselves: their morphology,
physiology and ecology. Their particular role as decomposérs of
deciduous leaves in lotic freshwater is highlighted through a discussion
of decomposition in aquatic habitats, the role of fungi in the initial
breakdown oi plant material, and the importance of fungi as intermediates
in the further breakdown of plant detritus. Field and laboratory
methods usefgl in the study of fungal ecology are discussed.

The field investigation, carried out in late summer and early
autumn, is of the flora and spora of 7 lotic sites of differing character,
including a main river; certain of its tributaries, and a woodland stream.
A combination of complimentary methods is used to build up a picture of
the floras and spora. Filtration of water and examination of foam
provide information on aquatic Hyphomycete spores whilst the observa-

tion of submerged leaf material (Acer pseudoplatanus), before and after

incubation, provides information on impacted spores and growing fungi.
The floras and sporas recorded for the different sites, on the
different dates, and by the different methods are compared and

contrasted.
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To

Leana, Bill and Geoffrey

My own suspicion is that the universe
is not only queerer than we suppose,
but queerer than we can suppose.

J B S Haldane
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SPECIAL NOTE

A Summary Pattern illustrating the rélationship between

the diverse areas of study in the biology of aquatic Hyphomycetes
can be found as a separate sheet-at_the bﬁck of the tﬁesis. This
may be useful in relating the various topics discussed throughout
the thesis to the particular ecology of aquatic Hyphomycetes.
Certain large tables (e.g. Table 2.6 and data tables from
Chapter 5) are also included loose at the back of the thesis

rather than fixed in the body of the text.

In drawing up the various spore diagrams in Chapters 2 and 5,
I would like to acknowledge extensive adaption of Ingold's clear
line drawings of spores and sporophores. (references Ingold 1975a,

1975b) .
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INTRODUCTINN

1.1. Aims and Anoroach

The aim of this nroject was fo gain an understanding of an
ecologically interesting topic through the synthesis of previous work
and analysis of information vroduced by study in the field. Also to
Aevelon the logistics and dexterity required to carry out practical work.

This particular study is of the ecological group of fungi known as
aquatic Hynhomycetes. =qual weight has been given to both the literature
and the field investigations. This was a practical possibility because
of the necessity for a late summer sampling programme, and the modest
volume of ecological work on these fungi in ﬁhe literature. It was also
particularly interesting to follow through the accumulatisn of ecolongical
knovledge on these fascinating fungi by looking at the methods adopted in,
and conclusions drawn from, studies with diverse aporoaches and aims.

4 critical survey of relevant literature is always of great use when
attemnting to sort out which of many pertinent variables and interactions
have been or could be investiigated in the ecological study of a particular
groun of organisms. Such a survey helps to build up a basic biological
background, helps in assessing the ecological significance of conclusiocns
drawn, a1d is of use in deciding which combinations of practical approach
are useful, what developments and adaptations of these are possible.

A critical approach seems to be a parﬁicularly useful tool in
ecological vwork and understanding. 1In the study of ecology there can be
many aporoaches to an understanding of the role of particular species ar
groun, to the understanding of the functinn of a particular ecosystem.

There are so many potentially important external and internal parameters



tn consider and measure. VWhat is the effect of temperatu&e, PH or oxygen
content of the environment, for instance; what is the biachemical basis of
behavisur in animals or plants? Such a wide range of scientific technigques
can be used in the study »f even a single dhenomenon,

Bias towards particular asgpects »f an area of ecolegical study are
inevitable. These can be generated by scientific or economic restraint:
lack of an accurate method of measuring an important envirnnmental parameter,
for instance; zsricultural need has meant a stress on the study of pest
organisms; vhilst 1little work has been done on tropical ecosystems,

Practical convenience may zlso introduce bias in the study of narticular
plants and a2nimals easily grown and bred under laboratory csnditions.
Intellectual preference must also play a part.

Certain features of fungi make the study of their ecology both
fascinating gnd difficult. The pntential importance of fungi in-ecosystems,
particulérly as symbionts (mycorrhizal fungi) and as decomposers (saprophytic
fungi) has been discussed by Harley (1971) in his fascinating survey "Fungi
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He pointed out that "to ask general questions about the
magnitude of their intervention in nutrient cycles and energy flow, is
premature”. Quite a lot of ecnlogically important work has been done since
thess words were written, however we are still far from appreciating the
extent to which these plastic, versatile and invasive organisms contribute
to the "running"” of the ecosystems of which they are a largely hidden part.,
This is not because their contribution is likely to be particularly
insignificant or their roles obscure. Rather, that those features which
Particularly characterise their mode of life makes them extremely difficult

to study qualitatively, let alone quantitatively., Ingeld summarizes some
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of these difficulties. "Modern ecolngy demands a quantitative anproach.....

with fungi the vegetative part, the mycelium, is s» intimately associated

with its organic substratum that estimation of the amount »resent is almeost

w
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t00ssible, Further, zlthoursh mnst fungi can be cultivated and their
physinlozical notential ussessed, it is extremely difficult to obtain
meaningful estimates of their activity in nature."

Not only are Tungal hyphae of a few microns in diameter and "intimately
associated" with a natural substratum difficult to see, but unlass they
are sovorulating they are impossible to identify. Unless macroscopic fruit
bndies are produced microscopic examination of the original substrate is
necessary; the nature of the substrate may make his rather difficult. The
fungus may not be sporulating at all., This means that the material must
be brought out of the field into the laboratory and cultured until

ds to & sort of

a1

recognizable renroductive features are produced. This le
'fungal uncertainty oprincivle' where the fungus can either be seen in situ
and not identified or identified in culture and its relationshio with the
original substrate obscured., These difficulties are exnlored in more depth
in 3ection 4.1. S

There is still a certain amount of bias in laboratory techniques left-
over from the large amount of work done in rlant pathology. Gradually
techniques which attempt to mirror 'ecologically appropriate' conditions
in -the field are béing used, but there is still a temptation to use
‘canventional' fungal methods, and to derive inaopronriate ecological
conclusions from such work. The comnarison of methods in such interesting
ecolozical studies as Suberkropp and Klug: "Fungi and bacteria associated
with leaves during nrocessing in a_woodland stream"” (1976) and Barlocher
and Kendrick: "Dynamics of the fungal population on leaves in a stream" (1974).
illuminate these cdifficuities and contribute to ecologically-sound methodology

(see sections 3 and 4),



1.2. What is an aquatic fungus?

Ingcld gives a useful survey of aquatic fungi and their origins in
his 1974 Hooker lecture. He pnints out that less than 2% of all fungi
are aquatic. There are two main grouos. Primitive species, 'origirally’
acuatic and with motile zoospores, form the first group. These are the
'vater molds', also commonly known as aquatic phycemycetes, with species
in the Chytridiomycetes and ~omycetes. The other group contains members of
the Ascomycotina and Deuternmycotina (iﬁcluding aquatic Hyphomycetes) and
just a few members of the Basidiomycntina., These are re-migrants; they
have re-evolved to an aquatic existence from terrestrial forms.

Ingnld also noints out that "It is difficult to characterize an
aguatic fungus, and indeed to define the aguatic environment itself" (in
Gareth-Jones 1976). However a working definition of both is useful and
important when discussing and speculating on the ecolongical role of various
fungi.

Some habitats are sbviously aguatic: the sea, estuaries, rivers,
streams, lakes and ponds. There are also 'micro=-aquatic' habitats, found
within the terrestrial environmment; for example the thin water films around
leaves in a litter layer; and the aqueous phase between soil varticles.
Fungi are found in all of these,

Definitions of aquatic fungi are far more complicated. Usually an
aquatic fungus is regarded as one which survives, grows, sporulates and
is disnersed "cdﬁﬁletely submerged in a large volume of free water such as
streams and rivers, ponds and lakes" (Ingold 1976). This definition
excludes other fungi associated with aquatic environments., For instance,
certain fungl which grow below the water surface but sporulate above it-

the so-called aero-agquatic Hyphomycetes survive and grow on submerged,



decaying leaves but need to be exposed to the air for the production of
their distinctive, usually coiled conidia; these are dispersed »n the

water surface. &1so certain lawasr fungi, parasitic on higher piants,

rely on thin water films for dispersal of their motile zoospores (eg. Potato

blight - Phytoonthera infestans).

In aquatic Hynhomycetes the complete life-history can and does occur
comnletely submerged in a large volume of free water = usually a fast-flowing
river cr stream. However, some species can also be found in micro-aquatic
habitats (see especially 2.3) and some survive (under laboratory conditions)
in a dry environment.
In this account, whenever aquatic is used with refercence to either a
fungus or an environment the above definitions and exceptions should be kept

in mind.



1.3. What are Aguatic Hvphomycetes?

1,3.1. Hyphamycetes: a collection of imperfect fungi.

The characteristics of sexual reproduction are very imnortant in the
tivonomic classification of most fungi into divisions, classes, families,
genera and species; also in their subsequent identification. Thus in the

division Ascomycotina sexual reproduction involves the production of a

[&]

necial sac-like cell known as an 'ascus', characteristically containing
eight 'ascospores'. This feature distinguishes the Ascomycotina from the
division Basidiomycotina for instance, where four basidospores are borne
externally on a special structure known as a basidium. Classification
within the Ascomycetes is based on differences between and similarities
amongst the structure of the spore containing asci and the fruiting bodies
vhich produce, support and protect them.

The class of fungi known as the Hyphomycetes belong to the division
Deutoromycotina, also known as the Fungi Imnerfecti, 3exual reproduction
is unknown and the division provides a convenient place Tor those fungi
vhich do not have a recognised perfect, or sexual state. Most reproduce
asexually, some produce only sterile hyphae. The ability to reproduce
sexually may have beep lost during evolution, (and replaced by other methods
of recombining genetic material), The 'imperfect' fungus may have a ‘perfect'’
state, a member of the Ascomycotina, Basidiomycotina or Zvgomycotina (see 2.1.6)
The tﬁo states may require very different combinations of environmental
conditions for survival and the connection between them not detected. Xven
if such a connection is discovered the two "different” fungi may be so well
known in their own right that the original classificatinn is retained. Thus,

of the thirty or forty Fenicillium species in the class Hyphomycetes, the

ma jority d» not reproduce sexually; a few do and are also known as Eurotium



species. These are typical members of the Ascomycotina,

For convenience, therefore, a variety of fungi of varying origins,
known and unknown, are arranged in groups known as 'form-genera'. These
correspond roughly to 'true' genera in the rest of fungal classification,
The member species of form-genera are related by certain characteristics
nf their asexual revoroduction; spore shape,cclour and septation and the
way in which the spores are produced. Because of convergent and divergent
evolution in the adaptation to certain modes of existence, membership of
the same form-:enus does not imply any phylogenic relationship., In fact,
very closely related perfect fungi may have quite dissimilar modes of asexual
reproduction, vhilst two very similar species of imperfect fungi may have
rather different perfect orizins.

any members of the Hyphomycetes are ubiquitcus and successful fungi.
They are microscopic, reproducing rapidly and profusely with no elaboration
of fruit bodies, the spores (conidia) being produced externally on more or
less specialised hyphae (conidiophores). Adaptation to a particular
environment can be traced in the evolution of spore types for efficient
dispersal; for instance, the small,round, pigmented, aerially dispersed spores
of the terrestrial Penicillium species; and the relatively large, colourless,

branched spores of many aquatic species,

1.3.2 Aquafic Hyphcmycetes: 1Ingold's first study

'Aquatic Hyphomycetes' could be defined as those fungi in the class
Hyphomycetes found habitually growing and reproducing in water. However,
since 1942, when Ingold published his paper “"Aquatic ﬁyphomycetes of
decaying alder leaves", the term has taken on a rather mcre specific meaning.

It embraces a number of freshwater Hyphomycetes, of various genera, most of



which have a rather characteristic spore morphology, and ecology. Although
truly aquatic in that they can cmplete their life cycle submerzed in
water, some are also found on land and in temporary waters where their
versatility helps them to survive (see 2.1.4 and 2.3.6.1).

Many of the features ccmﬁcn to all or most aquatic Hyphcmycetes can
be found in this first account of Ingolds.

He describes several unusual and distinctive spore types which he
found suspended in the waters of a small English stream, All the spores
were colourless (hyaline), thin walled, and relatively large for fungal
spores, Most were branched, the majority of these having four radiating
arms forming a roughly tetraradiate organisation. Long 'filiform' spores,
with a curvature in more than one plane, were also found, Unly.une of the
spores had a more éonventional spherical spore shape (see Figure 1.2).

The form and size of these varicus spores was remarkably constant
and this suggested that each belonged to a separate fungal species, or at
least to a separate spore stage of a fungus. As Ingold ccmments in a later
review (1975b) "shortly after I encountered his remarkable assemblage
of fungi it became clear that the mycoflora to which they belonged had
not previously been recoznised, although a few species had been noted and
rather imperfectly described (de Wildeman 1893, 189%, 1895)., However it
was necessary to allocate most of them to nevw genera of species", Soon
Ingold diséovered the source of these spores., Microscopic examination of
the surface of decaying, submerged alder leaves revealed 'forests' of
cenidiophcres bearing the easily reengnisable spores ;nd identifying them
as Hyphomycetes., Such sporulating fungi cculd be found on leaves taken
straight frcm the stream in summer and early autumn., Zven when the

conidiosphores could not be seen, submerging such leaves in shallow water
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in the laboratory stimulated the hidden, vegetative hyphae to produce

rich crops of conidiophcores and attached spores after a day or so. Leaves
that had reached the skéleton stage of decay produced particularly
abundant crops of spores.

He found that the branched, septate, vezetative hyphae tended to grow
within the v#ens and petioles whilst ﬁhe ccnidiophores projected from the
surface of th;se structures,

These fungi dominated the fungal flora of the alder leaves all year
round, Very rarely did a leaf fail to pr-duce the characteristic conidia
and c-nidiophores, Usually several species (an average of 5) were found
growing on the same leaf,

In the laboratory, mist of the species found grew ¢n the sclid medium
provided (malt agaf) producing characteristic dense colcnies of various

colours (see 2.1.5). Ingold found that al

(1)

but two would not sporudat

b

in this medium and strips of the compact colonies had to be submerged in
water before spores were produced, This seemed to confirm their aquatic
nature.

In his discussion Ingold advances several ideas which he and other
workers have worked on and elabcrated since. 'Two are particularly important
and interestings "In considering the Hyphomycetes of the submerged decaying
leaves the remarkable shape of the spores in most species forces itself.
on the observer's attention..... in most genera it consists of four
branches diverzging from a common point... when, hovever, the develcpment
of the branched spore in the different genera is ccnsidered the mode of
frrmation is so different that one is driven to the conclusion that the
similarity in general spore shape is the result c<f parallel evolution"

(see 2.1.4). Also.,."ii would seem likely that (the spore shape).has

survival value.... Since such a spore would probably stand a much greater
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chance of becoming entangled in the decaying leaves of the stream bed".

(s2e below).

1.3.3 Characteristics of aquatic Hyphomycetess typical and exceptional

Research since 1942 has confirmed "that there is a vast flora of

aquatic Hyphomycetes growing on submerged decaying leaves and twigs of

brcad laved trees and shrubs in well-aerated water"

(Ingold 1976). Many

new genera and species have been described, with many new variations on

the basic tetraradiate, branched, and
of different substrates, habitats and
they have been rennrted has increased
as saprophytes pecularly well adapted
has emerzed; with i'nteresting studies
their potential and actual ability as

circumstances,

filiform spore shapes. The number
seographical locatiocns from which..
greatly. The role of aquatic Hyphomycetes
to an existence in stream ecosystems

from both the lab, and the field on

£
s
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In his "Guide to Aquatic Hyphcmycetes" (19752), Ingold gives a brief

survey of the bioclozy and ecolozy of these fungi in a succint 2000 word

introduction.

Spore shape has always been one of the most obvious and interesting

attributes of aquatic Hyphomycetes,

Several papers and reviews investigate

and emphasize the development, significance and possible origins of the

predsminant spore shapes.,
species means that many can be fairly

alone,

The constancy in spore form and size within a

confidently identified from these features

Certalinly spore shape is an important criterion in classification,

though the setting up of form-genera. also depends cn the way in which these

spores have been produced form their conidiophores. In the Hyphomycetes
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there are several ways in which hyohae are elaborated tc produce spores

(see 2.1.2)., Most aquatic Hyphomycetes exhibit one of two of these methods.
These are simply illustrated in Figure 1.1 and succintly described by Ingold
(1975b): "In the main there are two types of conidia in aquatic Hyvhomycctess
terminal thalloconiiia (formerly referred to as aleuriospores) and
phialoconidia. They are quite distinct..ecse.

In the thalloconidium the primordium is early delimited from the
conidiothore by 2 cross-wall. .Thereafter it undergoes further devel-pment
until fully fermed. Then the c:nidinnhoée either does not ornduce another
conidium, or, if it Aoes so, this is formed at a different level or to one
side of the first,

The phialoconidium is formed from the apex of a special cell or phialide
that is usually fatter in the middle thaﬁ at the two ends, No separating
cross-walls are formed until the conidium is fully mature. Thereafter a
new one is procduced by the phialide at exactly the same level as was the
first".

t is interesting to note that several 'pairs' of genera uccur in the
aquatic Hyphromycetes; in both members the spores fcllow a very similar
pattern of develooment geometrically, but in nne zenus this is as a
phialoconidium, and in the other a thalloconidium. (see Figures 2,1 - 2.9).
It is very unlikely that £he members of such a pair were related in the past,
It is more likely that they reached their similar end products independently
by adaptation from_less elaborate phialconidial and thalloconidial forms.
These "ancestors"-may have been terrestrial Hyphomycete fungi and have
counterparts in present day species. Nilsson, in his comprehensive review
of aquatic Hyphomycetes speculates on several possible evolutionary pathways

from terrestrial species of the appropriate developmental type, through aero-

or semi-aquatic types to truly aquatic forms (for a fuller explanation see
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Section 2,1.4 and Nilsson 1964).

Much has been written on the convergent evolution that seems to have
produced these elegant spore shapes, showing variaticns on the two main
th;mes. The phenomencn is especially interesting since it is not restricted
to the conidial shapes found in aquatic Hyphomycetes, Aquatic imperfect

fungi of the Sphaeropsidales, aquatic species of Basidiomycete (freshwater

and marine), an unusual species of insect parasite (an Entomopthora species),

an aguatic yeast, and certain algae all produce branched or tetraradiate
prcvagules; whilst some aquatic fungi belonging to the Ascomycotina
produce long, filiform ascospores (see 2.4.1).

Ingold had already suggested that the prevalence of such distinctive
shapes indicated some biclozical significance for them; some way in which
they contributed to the successful adaptation of the fungi to their
ootimum environment, the swift flowing stream.

Two theories were put forward to explain the value of conidial shape
to dispersal: "The first suggests that conidia of this kind are likely to
remain longer in suspension in water than oval or sphérical ones cof the
same mass and thus achieve a wider dispersal” (Ingold 1976). Webster (1959)
investigated this theory by experiment., He found, however, that neither
branched nor threadlike spores differed appreciably in sedimentation rate
from spores lacking processes. In fact, in a fast flowing stream or river,
the setthing out of small particles such as spores is very slow compared
with the forward movement of the water. Thus spore shape does not appear
to contribute to transport down stream. '"The seccnd theory is that the
tetraradiate conidium is related to impaction on an underwater object: in
other words that it may be regarded as a microscopic anchor". (Ingold 1976).
Webster also studied this theory experimentally, This he did by setting up

a 'trap’ (a vertical glass rod) and allowing a known concentration of conidia
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(at a known rate of flow) to sweep past it., Microscopical examination
allowed the ccnidia deposited to be counted. Trapoing efficiency (at
higher rates of flow) was found to be greater in the tetraradiate conidia
than for the elongated forms, whilst these values were much higher than
far rounded, more conventionally shaved spores, Thus branched and long
threadlike spores appear to have effectively solved the problem of ‘'initial
anchorage' being readily trapped by potentially suitable substrates as they
sweep by. This feature is obviously of great ecological significance.

a stream existence. Barlocher and Kendrick (1974) are of the opinion that
this particular adaptation is one of the most important "selective
advantages" that the aquatic Hyphomycetes possess and that it has been
larzely responsible for the world-wide success of these fungi in flowing
vaters,

Another striking feature cf agquatic Hyphomycetes is the rich, dense
accunulation of their spores found in the persistent cakes of foam and scum
trapned upstream of barriers such as twigs. Such foam occurs particularly
after heavy rain and is formed by turbulent water in waterfalls and rapids.
"It seems that air bubbles, as they move through the water, trap the conidia
and these are retained in the foam. They are slightly denser than water
but, once incorporated in foam and scum, are held firmly by surface-tension
forces" (Ingold 1976).

Fcam and scum therefore provide an extremely useful tool to the student
of aquatic Hyphcmycetes, Muira (1974) surveying the stream spora of Japan
retrieved 84 spore types by examination of scum, far more than cculd be
oroduced by examination of the substrate. Nilsson (1964) found that 754
of all swedish species of aquatic Hyphomycete could be retrieved from a

single foam sample taken from a large stream. The sporas of streams can



be rapidly surveyed without the further mycological treatment needed when
evamining most substrates for fungi. However, Iqbal and Webster (1973a)
have shown that tetraradiate species are picked up in foam more efficiently
than others, so the quantitative relationship between species in foam will
not be accurate. (for other cautions on the use of stream spora see
section 2.3.6.2)

Since Ingold's paver in 1942 the aquatic Hyphcmycetes ha&e emerged
as a successful and widespread group of fungi: "Aquatic Hyphomycetes form
a highly distinctive, abundant and ubiquitous flora on submefged decaying
leaves of trees and shrubs of many kinds in well-aerated streams." This
is the habitat and substrate with which these fungi are particularly
associated. Their abundance in this typical environment can perhaps be
indicated by the following comment on spore lcad in an Bnglish river:
"Conidia in the river often reached a concentration of over 103 litre
and cccasionally the value rose to over 104. These are very high figures
when compared with what aeromycologists have found in the air whére values
as high as loz/litre are rare.," Whilst Nilsson (1964) noted that in
streams particularly favourable to the growth of aquatic Hyphamycetes,
every single submerged tree leaf showed evidence of colonization,

Most of our knowledge of the . aquatic Hyphomycetes has been gained by
studying these fungi in their typical stream environment. However, they
are found élsewheré - on different substrates and in different habitats -
though not necessarily in such variety or profusion,

For instance, aquatic Hyph-mycetes are found in various aquatic
habitats such as lakes, ponds and estuaries; in changing habitats such as
temnorary pools and flooded areas; and in terrestrial habitats such as the

forest leaf litter layer (section 2.3.3). The latter is particularly

16
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interesting. Many of the species found are rather 'versatile', and may
preduce a different spcre shape on land than they do submerged. However,
many typically aquatic species have also been fcund on land, where their
specialized spore shapes have no obvious use. This topic is treated in
m~re detail in section 2.3.6.1.

Aquatic Hyphomycetes are not only found on leaves though physiological
studies (2.2.3) and field observaticns(3.3) have confirmed their impcrtance
sn this substrate, in fact: "there is a strong likelihood that aquatic
Hyohomycetes are the main agents bringing abrut decay in the submersed
leaves nf deciduous trees and shrubs which contribute such a large oxganic
inout to rivers and streams in autumn"., (Ingold 1975b). They are alsc
common on wood, and may also be found on such natural substrates as grass
leaves and conifer needles. On grass leaves a very few species are found,
but in profusion; whilst on conifer needles several species have been
found, but not in abundance.

Aquatic Hyphomycetes have also been found srowing on such artificial
substrates as string, cloth and glass. This illustrates their ability to
use dissolved nutrients in the surrounding water (see 2.3.2).

These fungi are varticularly well studied in temperate areas., This is
partly due to the fact that most interested scientific workers live in these
areas; Dart;y due to the enormous influence that the autumn-shed leaf input,
colnnized and decomgcsed by aquatic Hyphomycetes, has on the ecological
functioning of temperate streams. These streams rely ~n the import of
leaves t> supply energy needs that cannot be satisfied by primary praduction.
The aquatic Hyphomycetes aid the exploitation of the ener:y and the
nutrients that these leaves contain., Aquatic Hyphomycetes are found in

streams and rivers all cover the world, where they perform essentially the
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same function. However, the massive seasonal input of leaves int-
temperate streams and the way in which aquatic Hyph-mycetes have adapted
to active gr-wth and svorulation in low Winter temperatures make them a
particularly interesting and important habitat to study. (see 3.2).

Not only are aquatic Hyﬁhﬂmycetes important in their own right as
decomposers of leaf material but much recent attenti-n has been focused
on their interacti-n with those invertebrates which, by devouring autumn-
shed leaves and their attached fungi,are also very important in the
exploitation of this imported material., "Hyphomycetes as intermediaries
of energy flow in streams" (Barlocherand Kendrick 1976) is a conoise
review of recent work ocn this fascinating ecnlogical topic. They comments
"The digestion of higher plant remains by animals is in m>st casés
mediated by micro-;rganisms. This is often an absolute necessity since
mist invertebrates lack cellulase and lignases"; cellulose and lignin make
uv a larze part of plant material. Bacteria and fungi, including aquatic
Hyphomycetes, by colonizing and decomposing leaves and converting them into
their own biomass make them a more attractive and valuable food source,
aiding the e>ploitation of the energy and the recyeling of the nutrients
they contain (see section 3.4).

To concludes laboratory experiments and field.study have revealed that
the ecological group of fungi known as aquatic Hyphomycetes are .particularly
well adaoted to an.aquatic existence in running waters, being found in
streams amd rivers throughout the world. They are particularly important
as colonizers and decomposers of leaves in temperate ;treams, where they

contribute to the efficient functioning of the stream ecosystenm.
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2.1. The Taxnnomv and Moroholozy of the Aguatic Hynhomycetes

2,1,1. Introduction

In discussing the taxonomy and morphalogy of the aquatic Hyphomycetzss
as a group, three accounts are.particularly useful:

Nilsson, in his 1954 review "Freshwater Hyphomycetes - taxonomy,
mcrphology and ecolozy’, provides an extensive exploration »f the basis of
hynhomycete taxonomy and puts much emphasis on the relatinnships between
taxonomy, parallel evolution and morphology. He discusses at length the
differ=nt %ways in which the predominant conidial shapes are producad and
sveculates on their relationshir to and development from fungi whose spores
are less adanted to an aquatic mode of life, |

Ingold's fascinating Hooker lecture on "Convergent evolution in
aguatic fungi: the tetraradiate spore" (1975b)gives lucid accounts of spore
development, and adaptation. Ingold's hook:"Guide tothe Aquatic Hyphomycetes"
(1975,)13 "essentially an atlas or picture-book to assist in the ijdentificuation
of e aquatic and water borne microfungi". It gives clear illustrations of
spores and spnre development and allows a rapid survey of morpholazy.

In the last decade or so much has been discovered about the role of
aquatic Hyphomycetes as an ecolongical group, and of their importancs in
the first stages of leaf decay in running waters, The number of species
found has increased.enormously and much detailed work has been done on. spore
develonment in an attempt to refine the relationshins hetween similar species.
iAttempts have been made Lo link these imnerfect fungl yith their perfect
forms; some of these attempts have been successful (section 2.1.6.). These
rapid developments in the study of aquatic Hyphomycetes are coupled wifh a

"~

continuing controversy over the basis of classification oﬁ the Hyphomycetes

-
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as a whole, and over the nomenclature associated with various types of
- ‘ . - LN
snora develonment and spores oroduced (see Section 2.1.2.).

This means that classification in the agquatic Hyphomycetes is rather

dynamic with genera being renamed, or new ones set un,with snecies moving
fram one genus into another. Intensive work on certain genera has refined
their characteristics and set their classification and identification en

a Tirmer footing, with keys being set up (see for examnle Igbal (1572) on

the genus Anguillospora, and Descals et al (1977) on the genus Lemmoniera).

L

4 note on nomenclature

The following terms have and will be used in this accounts’
spores a general term for a reproductive
body; used in 2lgne, ferns, etec.

as well as in fungi.

conidium: a sonre oroduced by a fungus
belonging to the Dsuteromycotina
or Fungi imperfecti; an asexual

spore,

sometimes the shorter term spore has been used where

conidium would be strictly more accurate (Kendrick 1971).

sporophore: these terms are synonymous and refer
conidiophore to the "spore bearing structure in
Hyphomycetes - a more or less

differentizted hypha" (Nilsson).
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sporogenesis: the development of a spore on its
sporophore; the way in which it

develops,

phialides a special cell often fatter in the
middle than at teop or bottom ("flask-
shaped”): it forms ﬁart or all of
a conidiophore and from its tip

conidia known as phialoconidia are

formed.
_phialoconidium: a conidium preduced by a phalide.
(phialospore) The distinction between this, a

terminal thalloconidium and other
conidia named after their mode of
production, is useful in the

classification of the Hyohemycetes.

termiral thalloconidium: 'thallospore' has been used as

(formerly "aleurospore')
a general term for a spore that
is part of the hypha bearing it:
a terminal thalloconidium is a
conidium produced terminally from
the hypha that bears it
(conidiophore) without any

special structure being involved

(contrast vhialoconidium)
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phialoconidia and terminal thalloconidia are the most
common -types found in the aquatic Hyphomycetes (see

Section 1.3 and Ssction 2.1,2.)

2.1.2, -Classification in the Hyphomycetes

The prcoblems associated with classification and taxonomy in the
Hyphomycetes in gneral have been outlined in section 1.2, Nilsson (N64)
gives a history of classification in the Hyphomycetes; the various attempts
that have been made tn impose some sort of order on the many and diverse
forms of conidia and conidiogenesis encountered.

"In classifying the Hyphomycetes many systems have been published, used
and discussed. It must always be emphasized that a system for this group
of fungi will necessarily be artificial until we know the 'perfect' stage of
the species - if there is such a staqe in all of them", (N64)f Saccardo (1880C)
divided the class into four main divisions hased nn very general external
features of the spores produced., Subdivisions were based on shave and septation
2f spores, Thus the whole system was founded on varying and unstable
characters which should be regarded as secondary differentiating characters"
(N64), In fact, study of many svecies of imperfect fungi has shown that spore
characte?istics such as these can change in wmsponse to changes in their
environmental conditions. 1In certain aquatic Hyphomycetes, for instance; a
different spore shape is nroduced when the fungus sporulates on agar,from
that produced when it sporulates completely submerged., The typical "aquaspores"
oroduced in this way, however, are remarkably constani in shape.

In the 1940's the primary division of Hyphomycetes was into dry and slimy

*1 shall only refer to one work of Nilsson's ~ his extensive 1964 review., I

shall therefore use this convenient abbreviation.
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soores, with équatic soores conveniently - if rather inﬁppropriately -
included in the latter. Hughes (1953) used more stable characters in his
cl=ssification, separating charzcteristics being based on the form of the
sporsphore and sporngenesis with spore types being named after their
manner 9f davelopment.

Nilsson adopted a very similar system, by-passing an alternative
classification nroduced by Subramian (1962) which attempted to use more
conventional taxonomic criteria. Nilsson felt this was less appropriate
since the Hyphomycetes are strictly form -species based on form-genera.

His system is 2 rearrangement, with various refinements, of its vredecessors

je

and includes numerous references to their terminology in an attempt to clear
vo synonyms and ill-defined terms. Thus it contains eight main groups, named
after developmenta115pore types (in the manner of Hughes). He points out
that the majority of aquatic Hyphomycetes belong to two of these groups:
they either have phialosonres and belong to the Phialosporae or have
alsurnspores (now known as terminal thalloconidiz) and belang to the
Aleurosporae,

The most recent, concise account of Hyphomycete classification and
taxonomy is in Ainsworth, Svar.ow and Sussman (The Fungi, Volume IVA: A
Taxonomic Review 1968). Here the authors use "four independent character

sets" in the arrangement of form-genera:

1. Saccardoan spore group
2, Ceneral arrangement of conidia
3. Colour of conidia

%. Type of cenidiogenous cell
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"Conidial states are grouped into form genera for convenience in identification
and nomenclature. The svecies included in a form gesnus are related 1o each
other by the form of their conidia and conidiogenous apparatus but not
necessarily by phylogeny". Hers therefore we have a useful terminology
rather than a "true" taxonomy.

Kendrick (1971) attemnts the formidable task of overhauling Hyphomycete
texonomy, This is obviously an extremely useful book but is beyond the scope
of this discussion, Some of its recommendations have already besen
imnlementad: others are slowly being absorbed.

Thus improvements and refinements have been made, and continue to be so.
More sensible arrangements - in the light of possible vhylogeny - have been
atiempted: more accurate nomenclature Has been adopted. Much controversy
5till exists howsver, and there is a legacy of synonymous terms to plague

the unwary student of impexfect fungi.

2.1.3. Classification in the aAquatic Hyphomycetes
Ingold was the first person to recognize and describe these fungi as

a groun (1642), A few of the species he found had previously been formally

escribed and named; some of the other spore shapes had repeatedly.been
mistaken for algae. He continued to make a major contribution to new species
discovered - in an astonishing range of geographical localities - and was
resoonsible for setting up many of the aquatic Hyohomycete genera: seven
new genera were described in his first study alone. Some of these have
gone through the inevitable refinements and shifting around of species

common in fungi classified in this way.
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To Zeneralize: many of these genera are exclusivaly aquatic; neither
do terrestrial genera entribute many species that are truly aguatic {as far

is known)., It is likely however, that close relationships exist beiween

¢}

a
genera in these tvwo main ecological 'divisions'. There are several versatile
'borderline’ species which can thrive both aquatic and terrestrial
environments, Increasing ecological and taxonomic knowledge of aquatic
Hyphomycetes in particular, and Hyohomycetes in general, will no doubt clarify
these relationships,

A look through Ingnld's clearly illustrated and set-out guide (1975&)
is a good way of seeing how the "four indenendent character sets" have been
used in erecting the various genera, The main 'split' is between genera
based on thalloconidia and those bhased on phialoconidia. Ingold regards this
as a fundamental division; a few specizs produce sporss by both methads,
Other differentiating features are based on the geometry of conidial
develoonent: in some speciés the arms of branchéd spores develop simultaneously,
in others they develon one after another; in tetradiate forms the-spore may
be attached by an arm, or near the point where the arms diverge, Fortunately
"develonment is easy to study since it can readily be followed in hanging
drop cultures, Fur?her the develonmental vpatterns tends in each species to
be very onrecise, te conidium achieving its mature form with geometrical
precision" (Ingold 1975b). Examples of Ingold's sequential developmental

dravings are given in Figure 2.10,

2.1.4, Topics relating to spore morphology: an integrated account.
Because classification in aguatic Hyphomycetes is so closely associated
with snore form and spore develonment - and because of the ecological

significance of spore shape - it is very difficult to separate discussion -
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of taxonomy and classification from spore morohology and épeculation on the
origins of these aquatically adapted fungi. An integrated account is therefore
oronosed using the useful framework provided by Nilsson. He divides lLis
discussion into five sections each of vhich deals with a particular group or
range of spore shapes. This account follows the same sequence with an
additional subsectior (Vd): much of the substance of the account is derived
from Nilsson, augmented where necessary from more recent work. Most svecies
commonly found in foam a1id on plant material in this country are discussed;
other species have been included to make the account of diverse shape and
development more comnlete. For a full list of genera and species Ingold
(1975a) and saveral other more recent papers would have to be consulted.

All discussinns on aguatic Hyphomycete spore morphology, including this

dissertation,contain rather concentrated information. It is difficult to

fde

annreciate verbal accsunts and descript

nns withsut looking at illustrations
of the spores in question. -Each spore group discussed here has a companion.
figurzs with illustrations of specres from that grouc. These are maturs
spores; the Adifference between thalloconidia and phialoconidia can be
aporeciated as can the different ways in which the spores are attached.
Geometry »f development for all the spores mentioned has not been included;
excellent illustratigns of timed stages in development inwrious species
can be found in Ingold's original 1942 paper, his 1975 guide and the 1975
lecture on tetraradiate spores. An example is given in Figure 2.10,

Nilsson includes a comprehensive series of illustrations to accompany
his text. 9ne set compares similarly shaved snores (some hypothetical) of
various origins; he also includes a series of illustrations of mature spores

in the various genera known at that time,



29

Groun I: Swecies with Spores having a more nr less spherical tn oblong shape

Spherical spores are typical both in aerially dispersed spores ("dry
speres” ) and in many species bearing "slime spores": these are disversed
diversely, for instance by rain or animals, sometimes by streams and other
waters, In aquatic Hyohomycetes there are very few spescies which have tnis
type of spore, Two reasonably well known but not particularly abundant

svecies (from different genera) are Dimorphsspora foliicnla and

Hargaritosvora aquatica.

D, feliicnla produces two very different tymes of spore, from the

developmental point of view, Its "dominant" spore is a thalloconidium.
Yhen produced in vater these spores are ovoid to reniform: these latter
curved spores float on the surface of the water before sinking, the others

remaining submerged. D. foliicola can also produce tiny round phialoconidia;

perhaps these can act as aerially disversed spores (though Ingold (1975a)
notes that so far germination of these has not been successful). Thus this
fungus is adapted b aquatic and aeroaguatic habitats and may even be disperséd
aerially.

Margaritospora aquatica has a spherical phialneordium which, when

produced submerged, has more or less pronounced outgrowths of a tetraradiate

organisation. However, spores produced aerially on agar, or on a Sporophore

vhich pnrojects through e surface of shallow water, may become elongates,curved,

and ssntate: these spores can float onthe water surface. (figure 2.1).
Dactylella is not a purely aquatic genus. It includes terrestrial

nemotode~catching fungi. Its aquatic species are a motley collection.

The thallocondia of the most common aquatic species, D. aquatica, has a

rounded, 3-dimensional, diamond-shaped spore: hovever Nilsson has noted in

this fungus a tendency to develop marked processes, similar to those in the
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aquatic spore of W. aquatica (Figure 2.1.).

Groun IXI. Snecies with spores having a cylindrical or bacilliform to

elongated shane.

This spore shape is common in many terrestrial parzsites and saprophytes
on attached and fallen leaves. DNistribution of these species may bes aided
by rain water, dew etc., There are no typically aquatic species with this

spore type and it does not seem suitable for submerged distribution. Species

of the terrestrial genus Cylndrocladium often apnear on leaves from very

shallow or almnst dried out water; enormous numbers of floating snores
being produced.

The common aquatic Hyphomycete Hzliscus lugdunensis (see Lroup VY,

Figure 2.5) produces an aerial phialoconidium as well as the well known
clove-shaped aguatic spore. The aerial form is cylindrical to dightly
clavate and can alse be produced inchalilow water whers it floats readily

(Fisure 2.2). °n agar glistening spore masses ars formed, "The resemblence

nf the aerial snore of H. lusdunensis to those of a species of Fusarium

already been pointed out by several authors". Spore heaps and thz production

of ohialoconidia are chrrs.cteristic »f both Heliscus lugdhnensis and Fusarium

and contribute to this resemblence, It is interesting to note that the

mw

nerfect state of H, lugdunensis is an ascomycete, a speciss of Nectria,

Some of the other species in this genus have "imperfect” stuges which
nroduce Fusarium spores. Nilsson alsn sugsests that anzdaptation to aquatic
habitat in Fusarium may also have led to the Jdevelopment of more typically

aquatic spore-shapes: "A typiccl tetraradiate member of Fusarium "origin"

* a ubiquitous terresirial genus of saprophytic imperfect fungi having

straight to curved, septate spore.
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vould then n-ssibly be searched for in es. the ohialosnoric -enus

Glavatasnora'(See Ti.ures <.2 and <.5).

Croun 111: Snecies with snores consisting »f a brarched or budding svsten,

usually in ans nlane,

Nilsson ooints out that very few Hynhnmycete species have spores
consisting of "2 complex of numerous branches' However several known

sazcies of nguatic Hyphomycetes do belong to genera based on this tyve

af snnre; there are slsn several "unknown' species found »nly «s spores.

Some of these have " J-dimensional structuré" snd are discussed in Grouns

Ve and Vd, .. few species have spores which branch in ane »lzne only: they
are 2-dimensional.. Nilsson gives speculative illustrations of the possible
development »f boath these types from simple hyohal budding systems,

The thalloconidia of Viaricosnarium elodeae have frequently been found

in foam samoles in Britain; they have been likened to Chines=z characters.
This species evhibits an astonishing range of soore shane Aue to variations
in the number of arms and the amount of branching. Tt has been found totally
submersed, in soil, and in moist terrestrial habitats, uWhen the snores

are prniuced totally submerzed theyv may branch in more th2n sne nlane,
Nilsson, who found this fungus typically in stagnant pools, emphusises its
aers-aquatic features: the tie dimensional spore developed in such

circumstances floats readily on the surface of water (Figure 2.3).

The thalloconidium o»f the well-known aquatic Hyphomycete articulospora

tetracladia has tuo forms (Figures 2.3 and 2.6): a typical tetraradiate

orsanisation A.tetracladia f, tetracladia, and A. tetracladia f. sangulatum

in vhich the arms are in one vlane. Nilsson associates this latter spore

tyns with stagnant water and has found it produced on plain agar,



Aberrant spcores of the simple branched species Tricladium angulatum

nraduced under aerial conditions have a two-dimensional rather than the
normal three-dimensional forn,

Particularly striking arrangements of branching in one nlzne are

exhibited by the genus Gycerffyella. G, craginiformis . has a thalloconidium
resembling a shrimp with curved, tapering branches (Figure 2.3).
It is interesting to note here that the clamped, branched spore

Ingnldielld hamata,assumed to be the asexual spore of a basidicmycete

and found both in scum and on decaying leaves, has two forms. A tetra-
radiate arranzement of its tapering, septate arms is produced below waterxr
whereas a Tricladium - like spcre, branched in only one plane, is preduced

at the surface »f the water,

Thus the species described abave in Groups I, II and III, allhough -
found in truly aquatic habitats are also associated with semi- or aero-
aquatic conditicns, and even terrestrial habitats; some species however,
when submerged, produce spores which are more obviously adapted to an
aquatic existence,

The next groups inclﬁde species found typically, if not invariably,
in submerged conditions; their spores exhibit structural features shown t»o
be of adaptive advantage in an aquatic environment (see secti-n 1.2). The
re-iteration of suéh shapes in different genera and in other aquatic fungi

is stressed,
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Group IVs spores with elongate, more or less bent to sigmoid spores

with the curvature usually in more than cne plane,

Slightly bent and sigmoid spores are found in terrestrial imperfect
fungi - in fact they are quite common - but they are usually bent in one
plane; they are two-dimensional.Similar spores in the aquatic Hyphomycetes
when typically developed submerged in water, show a curvature in more than
one plane.

Flagellospora curvula is an extremely common aquatic Hyphomycete

with a world-wide distribution., Its long, thin sigmoid phialospores exhibit

this feature very clearly: the shorter sigmoid spores of F. penicilloides

are less frequently found in running water. F. curvula also has a Nectria

perfect stage and thus its genus could be related both to Hg}isqﬁs and

Fusarium, Cultures of both these Flagellospora species on solid agar
produce spores bent in one plane only (Figure 2.4),

The thalloconidial equivalent genus to Flagellospora is that of

Anguillospora. This genus contains many closely similar spores and has

fecently been augmented and revised by Iqbal (1972). This is the dominant

aquatic genus with a true sigmoid shape. Species of Anguillospora occur

in almost any type of water, but usually in running water (Figure 2.4),
An interesting spore shape is exhibited in the pair of genera

Centrospora (thalloconidial) and Calcarispora (phialqconidial) (Figure 2.4).

Here a curved or sigmoid spore is augmented by a basal process - described
by Ingold (1975) as the first germ tube - which develops whilst the
conidium is still attached. The genus Centrospora is a mainly terrestrial
one; the species most regularly associated with the #quatic environment,
C. acerina can alsc live as an unspecialised parasite of carrots, ete. -
even agquatic isnlates have been found to be pathogenic (Iqbal and Webstei
1969).
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The thallcconidia of the zenus Lunulospora, crescent shaped or sigmoid,
and cﬁrved in more than one plane, show resemblances in shape to

Anguillespora, but in attachment to Centrosporina. "Relationships between

Calcarisvora, Centrospora and Lunulospcra may be theorized" (N64).

F. curvula, Lunulospora curvula and Anguillcspora species are all

very common - the two former species have a world-wide distribution and
their spores are found abundantly in foam. This fits in well with the
hypothesis that this shape is a suitable adaptation to the aquatic
environment. Although Webster (1959) found that the "trapping efficiency”
of thres~dimensional curved spores was less than that of tetraradiate

and similarly shaped spores, it was still far superiocr to that of the
other spore shapes tested. Further evidence of parallel evolution in
svnore morrhology ié provided-by the more or less sigmoid, elongated spores
produced by several aquatic ascomycetes. Several species of alzae also
exhibit this shape, whilst the most interesting instance outside the fungi
is the very long, thin, s-shaped pollen grain of the marine grass Zcstera

marina (Figure 2.4),
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Group V: Spores with a more or less well developed tetraradiate organisation

This is the most common spore form in the aquatic Hyphomycetes; the
three-dimensional curved spore being the next most abundant.

Ingold has written much on the subject of convergent evolution towards
a common, well adapted spore shape. He has illustrated his discussions
with many examples from the aquatic Hyphomycetes, though the apoearance
of similar shapes in other aquatic organisms supports his case. His most
recent expcsitlon. on this theme is the highly readable and ccmprehensive

"Convergent evolution in aguatic fungi: the tetraradiate spore" 1975b,
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He states that "the developmental pattern of the U-armed conidium is so
dissimilar in the different genera [of aquatic Hyphomycétes] that the
conclusion seems inevitable thét this typé cf spore is the result of
convergent evolution”,

There are three 'sets' of fundamental i1ifferences in the expression
of the tetraradiate fcrm, with genera based on these differences. The
Tirst is the development of closely similar phialoccnidial and thalloconidial
forms., The second involves the attachment of the conidium to its
conidiophore; most species have spores attached either by the tip of
one arm, or near the point of divergence of the arms, It is interesting
to note that in the non-hyvhomycete fungi that have developed this type of
spore shape, both types of aittachment cccur. The third involves the geometry
of development »f spores- the order in which the different parts appear as
the mature spore develons from its primordium,

In discussing the variations in the final form and development of the
tetraradiate spore both Ingcld (1975) and Nilsson emphasize the existence
of those vnhialoconidial and £halloconidia1 pairs of genera with closely
similar form and geometry of development. A particular pair of species,
one from each genus, often show a striking resemblence to each other.
Nilsson also introduce§ the idea of a 'top species'. 1In each group of
fungi developing a more or less tetraradiate organisation in its particular
way, there is a species in which this shape has been refined to its most
simple ani elegants this is also true in the species with a 3-dimensional
sigmecid spcre shape. Such species are probably better adapted to an
aquatic existence, they "are in fact dominant and also'the most widespread

of the freshwater Hyphomycetes". (N64)
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Group VA: Spores attached by the tip of one of the four arms

Group VAi¢ In many of these spores the first formed part or arm dominates,
It is usually wide, often clavate (see Figure 2.5).

Phialoconidia are produced in the genera Heliscus and Clavatosporas

H. lugdunensis has already been described. Although Clavatospcra has a

more ‘'advanced' tetraradiate organization - in C. lcngibra chiata, for

instance - the more versatile H. lugdunensis appears to be more common,

The thalloconidial equivalent species to C. lcngibra chiata is

Clavarioosis aquatica: this is the 'top' species, the mest common and

widespread fungus with this type of development. The same pattern is echced

in other groups of fungi: Digitatospora marina (a marine basidiomycete),

Torpedospora marina (a marine ascomycete) and Acaulupage tetraceros (an

amoebae - catching'aquatic fungus) all have spores strongly reminiscent of
those described above.
Groupn VAii: 1in some spores "the first part forms together with the second
a more or less continuous bent main axis. On the continuous axis, or at
the »>int of insertion of the second arm two other diverzent arms arise
at the same level". (N64),

This orecise, rather long verbal description'is embodied in the small,

delicate 'wide awake' phialoconidia of alatospcra acuminata, and in its

large, elegant thalloconidial equivalent Tetrachaetum elegans (Figure 2.6).

A. acuninata - the only vhialconidial species in this group - is very

ccmmon; its spore is abundant in foam and its distribution worldwide. The
large spored T._ elegans, however, is rather rare,
There are several other genera with thalloconidia in this group:

Articalospora and Tetracladium both have well-known species.

A. tetragladja, apparently adapted to both an aquatic ani a semi-aquatic

existence, is very common and widely distributed, Spores with 2 to 5 arms,
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arranged in various ways, are produced, But a simple tetraradiate
arrangement is commonly observed, with the form described in Group III as

the main variation (Figure 2.6). The submerged spores of Ingoldiella hamata

(Figure 2.6) are reminiscent of the tetraradiate spores cf A. tetracladia.

Rather unusual sp.res areproduced in the genus Tetracladium. As in

A, tetracladia a first arm is develoved and then several buds develop in

strict order. Scme of these vroduce long "arms", others remain blunt

processes. In T. marchalianum these long arms form a well defined tetra-

radiate arrangement and the processes are distinctive but reduced to knobs
(Figure 2.6). This sgecies is far more abundant than other members of the
genus whose tetraradiate shape is less developed, in fact Nilsson states
that together with F. curvula it is the most common and widespread of
aquatic Hyph1myceﬁés.

The fungi in this sub-3roup are distinctive in their clear exposition
of the tetraradiate shape. Many of them are extremely commen:s Nilsson

recalls that in Webster's impaction experiments (1959) A. acuminata,

A. tetracladia and T.clezans "together with Tricladium splendens were the

myst effectively trapped spores (mean of all cbservations) closely

followed by other common tetraradiate types such as Lemmoniera aquatica

[Group VB] and Clavariopsis aquatica [Group VAi]".

Several alzal genera produce structures of similar shape to the
snores »f the fungi included in this group. . This helps to explain why
some aquatic Hyphomycete spores were cnce mistaken for algae. Terrestrial

genera exhibiting such spcre shapes do exist, but are not common.

Group VB: svores attached at or near the point of divergence of the arms

Lemmoniera aquatica is a well-known and common fungus with a clear

simple tetraradiate crganisation of this type. It is the 'top'
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phialoconidial species. The phialoconidia of Marzaritispora aquatica look

remarkably like the primardia of this fungus, (compare Figures 2.1 and 2.7)e

Triceloohora monosnorous, a species found mainly in the tropics, is the

thalloconidial equivalent of L. aquatica - it is even more similar to the

less common L. filiformis. The enormous spore of Actinospora megalospora

forms a giant thalloconidial twin to L. aquatica. There is a remarkable

likeness between these huge sovores and those of a ~Basidiomycete, Nia vibrissa,
found on driftwood (Figure 2.7). It is interesting to note here the
oresumad adaptation to aquatic 1life shown by the spores of certain

*
Entomopthora svpecies.. Tetraradiate, rather dense bodies of variable form,

of the same size range as the majority of agquatic Hyphomycetes sp-res have
anpeared repeatedly in foam and scum. ‘These were tentatively aséumed, in
the absence of conérary evidence, tc be shelled rhizopods. A recent study
by Webster, Saunders ani Descals (1978) has dispelled this zoological
assumption. Briefly, the more typical crescent-shaped conidia of an

Sntomopnthora species, also found in scum, have been observed to produce

predominantly tetraradiate forms when the crescent is submerged in water,
The new form of spcre is produced almost directly from the 'cld' spore.
Several similar tetraradiate forms are produced - one of these, attached
by the base of an ‘arm' resembles the shape and attachment of Group VAi

snores such as H. lugdunensis, Another form observed to develop from the arm

of the previous type resembles the spores in the present group. Another

species of Entomopthora, with fat crescent shaped conidia, develops small

projections round the equator of the spore when this is submerzed in water,

These are reminiscent of the spores of Jaculispora, a tropical aquatic

% . N
these are internal parasites cn insects,
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Hyphomycete genus (see Figure 2.7). These are extraordinary examples of
parallel evolution.
Several other genera produce various iypes of branched spore, which

can conveniently be described in the next two groups,

Group VC: spores with a main axis and divergent branches but with less

typical or without tetra-radiate organisation

This type of organisation occurs in several species; two or more
branches or arms arise from a main axis at the same or different levels.

The thalloconidia cf the genus Dendrospora are rather spectacular.
Several lateral arms, some brénched, arise at various levels from the

main axis, An extraosrdinarily similar shaped conidium Dendrosporomyces

proliferum has beén described by Nawawi et al (1977) who discovered its
basidiomycete nature by microscopical study of its cell walls. The zZenus

Tricladium is the most well-known in this group; its species produce rather

simple, uncluttered thallocconidia,.T. svlendens, the most familiar and
abundant species,has a curved main axis with two divergent arms projscting
from it at different levels (Pigure 2.8). It is interesting to note that
the spores it produces on plain agar have a shorter, uncurved main axis and
are two-dimensional rather than three-dimensional. The efficiency of the
curved ‘aquaspore’ form in initial anchorage has already been pointed out.
Nilssén specuiates on the development of simple branched forms such as
these from more complicated structures such as the spores of Dendrosvora
erecta, It is interesting that the branched spores of many genera are
produced as terminal thalloconidia,in essence a direct extension of the

hyphae that bear them, and presumably reflect their developmental origins.
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Group VD: A new group has been added here, mainly to accomodate the genus

Flabellospora,which has no main axis but a small spherical head from which

a number cf long straight arms diverge. Thus these thallcconidia differ
quite considerably from other types cf branded conidia. However, two of

these species, F, tetracladia and F. crassa have achieved a tetraradiate

nrganization., Two spores from genera with similar spore forms Isthmotriclaria

and Tridentaria, have been included in Figure 2.9 to emphasize their

resemblence to F. tetracladia - Ingold points out (1975) that the developmental

pattern observed in all three thalloconidia is essentially the same as that

of Clavariopsis aquatica, also a thalloconidial species (compare Figures

2.9 and 2.5).

Looking at spore form in the genus Flabellospora it can be speculated

that in this genus - as in several others - those species which have achieved
a clean, simple branched spore shape have developed from the similar

but more cluttered structures, borne either by members of the same genus,

or by species in other genera with a closely similar pattern of spore
devel-pment. ‘Intermediate' forms may be extinct or undiscovered. The
linking »f aquatic Hyphomycete species to their pexrfect stages may help

in tracing such developments (Section 2.1.6). However it is perfectly
possible that a progressive adaptation to an aquatic existence, made in the
spore-form of a particular species of Hyphomycete with.a known perfect

stage, could lead to the emergence of a new imperfect species which had

left the perfect stage 'behind',

2,1.5. Vegetative growth, the development of resting structure and
germination of spores in aquatic Hyphomyetes
The growth habit and appearance of the vegetative mycelium is very

similar in all species of aquatic Hyphomycete, On a natural substratum,
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such as a decaying leaf, suoerficial and internal mycelia can be found.

The superficial growth is ~ften hyaline, whilst close growing surface and
internal hyohaz may becoﬁe thicker, and darker in colour. All species have
septate hyphae most with a diameter of 2 to 6fJ. Hcewever ziant species

such as Actinospcra megalospora have much thicker hyphae whilst a few

other species, far example Flagellcspora curvula, have a finer growth.

Aquatic Hyphomycetes can grow on most conventional laboratory media.
Ingold (1942) found that all thirteen species he isclated ontc malt agar
Aeveloned compact cnlonies with ‘mycelial cords' where several hyphae had
twisted together. Nilsson ccmmented on the producticn »f strongly curved,
short, hyphal branches, especially on plain agar, "which feature usually makes
the mycelium recognizable if the aquatic Hyphomycete is zrown am-ng other
types".

Differences between species can be seen in cultures; characteristic
colours may develop as the colonies age. For instance, on malt agar

¢olonies of Lemmoniera aguatica turn dark brown, Mariaritosvora aguatica

colonies stay white,whilst Clavariopsis aquatica forms compact dark olive

green colonies with a white fringe.

Many species develop sclerotia in culture; the appearance, size and
arrangement of these differs from species to species, _ﬁ:_ggggzisg for
instance, develops small almost black, sclerotia 1-2 mm in diameter

scattered all over the colony. "The sclerotium consists of a pseudoparenchym-

atous mass of nearly spherical cells". (Ingold 1942), Heliscus lugdunensis

produces "small dark brown sclerotium-like bodies 0.3 - 1.0 mm in diameter
and of irregular shape". Huge masses of spores are eventually produced,

Lemmoniera aquatica forms "dark sclerotium-like bodies made up of

agsregates of chlamydospores" (Webster 1975). Chlamydospores are‘usually



thick walled, dark coloured spores which contain food reserves,
They are produced by several species of aquatic Hyphomycete. In
L. aquatica these zive rise tc sporophorés and typical spores under

favourable conditions. In Clavariopsis aquatica some colonies develop

"very numerous little black dots 50-2004 in diameter scattered over the
central area of the colony" (Ingcld 1942). Some of these are sclerctia,
as above; others are pycnidia. These latter structures contain a mass
of tiny oval ccnidia which ocoze out of an irregular ostiole. The producticn
of such structures represents a switching of resources tc longer lived,
tcugher structures that may tide the fungus over periods of adverse
environmental conditions., They have rarely been observed in nature, however,
though Suberkrcpp and Klug (1976) observed on hickory leaves "thick-walled,
dark coloured resiing structures.... very similar to those prcduced in
culture by L. aquatica (Ingold 1942)" These sporulated after water
incubation.

Spores of aquatic Hyphomycetes suspended in scum, foam and water do
not germinate and may remain viable for some time (up to several months).
However when the spores tcuch a solid surface, such as when they settle to
the bottom of a specimen tube or Petri dish, they germinate very rapidly.
Germ tubes usually develop from the tips of the arms on branched sporés, but

in many species they can arise from any part: they may arise from each

cell in séptate spores such as Anguillospora longissima., Nilsson (Néb)
notes that some species produce appresoria when the serm tubes make contact
with the substrate., These, and rapid germination, must aid the initial
anchorage of the spore swent against a potential suﬁstratum. This
stimulation of germination by contact with a potential substrate, and its
rapid prcgression must be an adaptive feature of these fungi. Nilsson

(N64) comments on the self-inhibition of germination demonstrated by larse



masses of spcres, He fcund this both in the slimy masses of spores
scmetimes found on solid media, and on leaves where the sporulation was
particularly abundant,

After germination these fungi grow comparatively slowly. This means
that, especially on rich media at higher temperatures, they are rapidly
overgrown by contaminants: other orzanisms present in te foam, water or
substrate material that is being incubated. This can present great
difficulties when recognizing, identifying and isolating these fungi.
However at stream temperatures aquatic Hyphomycetes appear to be at an
advantage for they have optimum temperatures for growth lying below those

of many potential competitors (see section 2.2,2.2).

2.1.6 The Perfect Stages of Aquatic Hyphomycetes.

Perfect stages for Hyphomycetes are usually searched for; and found,
amongst Ascemycetes: this is the case for the handful of perfect stages
#hich have been associated with species.of aquatic Hyphomycete. There
are two main approaches to the search fcr the related imperfect and perfect
stages of the same fungus. 4ne is to attempt to induce the ascigerous
stage to develop from pure cultures of aquatic Hyphcmycetes. The othep
is to culture suitable candidates from the Ascomycetes in the hope that
characteristic ccnidia referrable to known aquatic Hyphomycete species will
be produced. Suitable candidates may be picked from the same genera as
those already assigned, or they may have been retrieved from '‘apprepriate’
moist or submerzed habitats.

For instance, Ranzoni (1956) discovered the perithecial fruit bodies

of a species of Nectria on a culture of Heliscus lugdunensis. Archexr (1971)

produced the reverse situation by damp-incubation of a twig bearing Nectria:
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pustules of H. lugdunensis eventually developed. Webster (1965) produced

the typical conidia of Dactylella aquatica from a submerged colony derived

from the ascospores of a wood-inhabiting sﬁecies of Massarina.

A few perfect stages have been linked directly to an aquatic
Hyohcomycete imverfect stage of what is, in fact, the same fungus. These
pairs have various features in common: with one exception the ascigerous
state does not produce ascospores adapted to an aquatic e#istence; and with
one exception those aquatic Hyphomycetes linked to ascigerous stages do not
possess spores of tetraradiate shape.

Igbal (1972) and Ingold (1976) give an account of the discovery of
each Ascomycete and Hyphomycete pair. The number of discoveries is increasing
and the most up-to-date account Will no doubt be found in Websterland Descals
'"The Perfect-states of water borne Hyphomycetes' (1978, in press).

Both Igbal (1972) and Willcughby and Archer {1973) give descripticns
of the methods used to induce twigs retrieved from rivers or streams to
oronduce suitable Ascomycetes for further study. Long term damp incubation
or sradual drying out of the twizs was required before the fruit bodies
apoeared,

Interesting taxonomic anomalies can arise from such studies, For
instance, very similar species of the ascomycete zgenus Neciria have been

derived from both Flagellospcra penicilloides and Heliscus lugdenensis,

(Ranzoni 1956, Webster 1959; see Group II section 2,1.4). Almost
indistinguishable species of the ascomycete genus Massarina have produced

such dissimilar spored species as Anguillospora longissima and Dactylella

aquatica (Willoughby and Archer 1973, Webster 1965). Conversely whilst

A, lcngissima has been linked with Massarina, a Pyrenomycete genus A. crassa
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has been linked with Mcllisia a Discomycete genus. In many ways the perfect
staze of a fungus is complimentary tc its imperfect stage. Ascigerous

stazes linked with aquatic Hyphomycetes are usually found or derived from
damp or submerged wcod, Nilsson believes (N64),and the spores produced
sugzest, that they are adapted to moist or semi-aquatic habitats, Ccntrast
the aquatic Hyohomycetes which are typically found on leaves and ass~ciated
with a submerged existence. The develooment of an ascomycete fruit body

and the production of soores may take weeks, maybe months, and be associated
with quite an extensive vegetative growth.. The production of conidia in.
aquatic Hyphomycetes can occur overnight, when leaves are submerged in water
in the laboratory - no fruit bodies are involved., Spores can-even develop
directly from the germ tubes of other spores. The ascomycetes are asscciated
with wood, a 'long-term' and non-seasonal substratum; aquatic Hyphomycetes
are typically associated with autumn~shed leaves, a more ephemeral substratum!
the bulk of which may disappear before the next leaf fall., The two stages -
assuning that under suitable conditions they are capable of prcducing each
other-could, with their different emphasis on substrate and habitat, assist
in mutual disnersal over time and space.

Nawawi et al (1977) in a recent paper give an example of a basidicmycete
being linkad to an aquatic conidial fungus. The branched conidium, rather
similar in shape to the spores cf Tricladium species and with an.obvious
clamp connection, has been reported repeatedly from foam (see Figure 2.8 ).

They produced a basidial state - Leptosporomyces galzanii - from the cultures

derived from these spores. They also induced the basidiomycete to produce
the imperfect stage. They comment that "The fact that the basidial state
has been so widely reported on varied substrates under terrestrial conditions

whilst the conidial state has been found on leaves in water and in large



numbers in fcam raises intriguing problems about the 'amphibian' nature of
this fungus". Thus this rather more unusual example nicely illustrates
the points made above, as well as giving yet another example of conversent

evclution in aquatic imverfect spore shape,
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2.2 The Physicloxy of the Aquatic Hyohomycetes

2,2.1 Intrcduction

The tovics covered in this section (2.2) and in the previcus section
(2.1), although interesting in their own right, are particularly important
as a background to the study of the ecology of aquatic Hyphomycetes: they
emphasise those features »f the group's moxphology and physiology which
help in the understanding and study of their ecological role and importance.

The investigations and conclusions rdealt with in this sectinn can
lngically and conveniently be discussed under two main headings.

The Znvironments work which assesses survival, growth and sorrulation

of the fungi when their ohysical and chemical enviromment is altered.
Exneriments on temﬁerature, pH and oxyzen supply, for instance may help

in understanding why the aquatic Hyphomycestes are typically abundant in

s~me habitats, and not in »>thexs, and why; iﬁ spite of relatively slow
growth, they can overcome competition to bec~me the dominant microbial leaf
decomnosers in those habitats, The range of conditions they can tolerate may
help exnlain certain less typical occurrences - such as their appearance

in terrestrial habitats - and also their absence from or scarcity in csther
aquatic habitats., It should be remembered, however, that optima and ranges
found under ccntrnlled, simplified conditions in the laboratory are not
unassailablé paramefers vhen investigating or predicting the field conditions
under which the fungi can survive and thrive. Many physical, chemical and
biological fact-rs act tngether to influence these fungi in the field; it may
be unrealistic to expect one specific limiting factor to operate in the field

as it does in an artificial laboratory environment.



The substrate: various investigations into nutritional tolerances and

oreferences have been made. This helps in an understanding of the particular
contribution zquatic Hyphomycetes make to leaf decomposition, This is
varticularly true of exoveriments which involve gréwth on various sources

of carbohydrate and on their use of dissolved nutrients in the surrounding
water. Again the ability to use particular nutrients under laboratory
conditions is not an infallible guide to their successful exploitatiosn in

the field., Environmental influences and competition with other microbial
decnrmpnsers may complicate the issue on the natural leaf substratum.

In 1962 Thornton produced a thesis and associated paper (1963)
discussing varinus experiments on the nutrition and physiology of aquatic
Hyohomycetes.: Comparatively little laboratory work had been done on these
fungi previous to fhornton's investigations. He hoped that these experiments
would "throw light on the ecclogy and explain inm part the preference for
the rather unusual habitat to which these fungi have become adapted”.

Nilsson, writing at abcut the same time (NO64), commented on the
paucity of work done in this area, He contributes some experiments on the
effects of substrate, nutrients, temperature and oxygen concentration with
respect to growth and sporulation, Webster and Towfik (1972) and Webster
(1975) have investigated the combined effects (physical and chemical) of
aeration and oxygen concentration on sporulation. Igbal's comprehensive
thesis "Some observations cn aquatic Hyphomycetes" (1972) discusses various
aspects of physiology, principally the effect of pH.

These are the principal references discussed in the following account.
Many papers on other aspects of the biology of aquatic Hyphomycetes do include
observations cn their physiologys some of this is practical information on
what culture media and conditions can be eﬁployed in the 1aboratofy for the

isolation and maintenance of pure cultures of these fungi.



It is useful to remember that, even where there is a comprehensive
treatment of both nutritional and environmental factors affecting aquatic

Hyphomycetes, only a few species have been subjected tc detailed scrutiny.

2.2.2 The Environment

The typical habitat of aquatic Hyphomycetes is a well-aerated, fairly

fast flowing stream, lined with trees and not particularly eutrophic: “a
babbling brrok" as Ingnld puts it (see Section 2.3).
The success c¢f these fungi in tis type of habitat is demonstrated
both by spore abundance and by the numbers found growing and sporulating
cn leaf substrates. This abundance must obvicusly be linked to the input
of leaves to the river or stream. But it is reasonable to supoose that
the numbers and the Species found depend also on the particular combination of

environmental infiuences that characterize these habitats, and which allow

the fungli tc make the most of the substrate available.

2,2,2,1 The effects of nH

The effects of pH are rather difficult to separate from other physiéd—
chemical factors, such as the form in which inorganic salts occur. in the
surrounding water, Mést of the conclusions drawn_have been from a
consideration of both laboratory and field observations.

Suzuki and Nimura (1960, 1961) surveyed a number of lakes in Japan
for aquatic Hyphomycetes, They classified the lakes into 3 categories
according to the physico-chemical properties of their water, principally
PHs

Harmcnic lakes: pH between 6.2 and 6.6
Acidotrophic lakes:; pH between 3.8 and 5.8

Dystrophic lakes: acid, with humic. substances



They found that harmonic and acidotrophic iakes each had their own
characteristic range ~f species and dominant species, Practically no
aquatic Hyphomycetes were recorded for dystrophic lakes, except for

Varicosporium elodeae., A parallel series of laboratory incubations

was carried out using the different types of water, They came to -the
conclusion that in those waters with sparse records of aquatic Hyphcmycetes
the formation of conidia had been inhibited, Nilsscn (N64) is cautious
about the results of this work., "According to culture experimenis the
authors claimed that some waters should be toxic to some species. The
exneriments seem hcwever to not be totally reliable".

Igbal (1972) from his éurvey of the spora of two river systems,
and from consideraticn of other wsrk, concludes that each river system
has its own characteristic spora, This will be due to a variety of
physical, chemical and biclegical influences in combination, However
pH probably contributes tc this effect, ©One of the river systems studied
by Igbal, the River Exe and its tributaries,falls into the harmcnic
catego;y of Suzuki and Nimura; the .other, on Dartmoor, falls into the
dystrophic category. Very different sporas were cbtained: those species
most prevalent in each system differed. V. elodeae was one of the few
common svoores found in the Dartmoor system; it was not found in the Exe
system. The range of species found also differed, and whilst the spora
~f the Exé was rather rich, that from Dartmoor was rather scanty. It must
be noted, however, that the number of trees shedding their leaves into
the Exe was far in excess of the number contributing to the vegetational
input of the Dartmoor system. |

Igbal augments these field observations with a laboratory study on

the effects of pH on growth and sporulation in a number of the more common
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species, Ip the field study he deals specifically with the spora »f
the river system (measured quantitatively; see sectisn 3.3) rather than
the fiora; these experiﬁents reveal the relaticnship between growth and
sporulation under certain conditions.

The experiments fall into two groups: the effect of river water on
growth and sporulation using species found mainly in one system incubated
in water from the other; also the eff=ct of buffered river water, at a
range of pH from 5 to 8, on the growth and sporulation of the species
found in the river from which the water was collected.

Taking the second group first: an extra investization was carried out
on the effect of different conéentrations of the phosphate buffer on the
ranze of pH tolerated by the test fungi. Thorton (1952) in his brief
consideration of £he effect of pH on two species of aquatic Hyphomycete,
had found that the buffer inhibited growth, "detracting from the validity
~f the results", Igbal frund that increasing the molarity of the buffer could
both restrict the range of pH at which mycelial zrowth occurred, and
inhibit sporulation. He also found that the 'optimum' concentration of
buffer (that having the least.effect) was different for different species.

Thus, f~r Articul~spora tetracladia at 0.2 M buffer concentration optimal

srowth occurred between pH 5.7 and 6.0;with 0.1 M buffer growth was mcre
vigorous; at 0.6 M concentration the range for ~ptimal mycelial growth was

extended and sporulation occurred. By way ~f contrast, Tricladium attenuatum

3rew equally vigorously in all the buffer ccncentrations tested,but the pH
range for growth was extended by dilution. Fortunately this ‘'experimental
artifact' was recognised, ctherwise the results would not have reflected
the true response of the fungi.

It is useful here to compafé the responée of some »f the sﬁecies

tested to oH al-nes
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Articulospora tetracladias

below oH 6 no sporulation

o 6.5 - 7.5 optimum for sporulation

oH 7.5 + sporulation occurs but the size of spores is
reduced

Varicosynorium elodeae;:

pH 5.0 - 6.5 optimum for sporulation
oH 6.5 - 7.0 tolerated - sporulation still occurs

Taetracladium marchalianum

PH 6.5 - 8.0 optimum for sporulation

PH 4,C ~ 9.0 total range over which sporulation occurs
Although specific conclusions can be drawn from these results - for instance
the lower pH values aésociated with V. elodeae tie in well with the
avpearance of its svores only in the more acid river system - it would be’
unwise to extravolate them too far. It is interesting to note in this respect

that the rsduced sized spores of Articuloswnora tetracladia were produced

a2t the ‘unfav-urable’ oH 7.0 in the buffered water of one river, and at pH
8.0 in the water of another, Thus the situation is not straightforward
even within a single species.

In the 'recivrocal' experiments carried out with unbuffered river

water, two species A. tetracladia and Geniculospora inflata retrieved frnom

the "harmonic" system were found to produce more spores when incubated in

the Dartimoor water, even though the G. inflata spore has never been retrieved
from that system. AlsSo interesting is the fact that V. elodeaec, associated
with dystrophic lakes by Susuki and Nimura and with dystrnphic flowing water
in this study, was retrieved on submerged leaves from the "“harmonic" river;

its sp»res were not found.

This investigation seems to raise more problems than it solves and
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caution is obviously needed in interpreting and extrapclating the results.
pH,als~ temperature and asration are imp-rtant factors in the
selaction ~f suitable culture conditions f~r aquatic Hyphomycetes in the
lab~ratory. F-r instance, Thorton investigated all three of these before
attempting his study of growth on different nutrient media, His findings

are iiscussed below (2.2.2.3).

2.2.2,2 The effects of temperature

As with pH, laboratory investigations into the temperature ranges
and »ptima for growth and sporulation »f aquatic Hyphomycetes provide useful
information ~n the manipulation of these fungi in the labcratory and throw
some light on their role and importance in the field.

Aquatic Hyphomycetes become extremely abundant in tree lined streams
in autumn and early winter. Obviously this is the time of maximum leaf
input but this cannot be the only factor: temperature appears to be
important here. 1In the colder m-nths the en-rm~us aquatic Hyphomycete
spore lcad is accompanied by up to 5 species of these fungl growing on every
leaf. The activity »f other fungi and bacteria is minimal compared to this
overwhelming presence. The conclusion was that these fungi could thrive
more readily than their potential microbial competitors at this time and at these
temperatures. Thus Thorton introduced his study of temperature with the
statement "If aquatic Hyphomycetes can metabolize normally at mnderately low
temperatures, they may be able to compete ecolngically with other less well
adapted fungi". (1963). His experiments were designed both to test this
assumption and to provide useful information on optimum conditions for his
nutritional studies. He compared thé growth of 8 species of aquatic

Hyph-mycete over the rangeSOC to 25°¢ (in 5°C stages). ‘The optimum temperature
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lay between 20 and 25°C for 6 »f these. He compared these ~ptima with
th se for certain other l-wer aquatic fungi; these were "found to be
s-mewhat in excess of those of the aquatic Hyphomycetes".

Since reproductive ability also contributes to the déminance of a
fungus in its environment, he investizated the effect of temperature on

sporulation. For the twn species studied - A tetracladia and V. elodeae

there was an apparent preference for 15°C. Perhaps more important,
ecolnzically speaking, sporulatinn was good at 1000 and still.occurred
at temperatures as low as 530.

Nilsson gives an account ~f some experiments of his own,as well as
a summary of previous work. He makes some general comments on sporulaticn.
leaves retrieved from streams and showing little or no sporulaticn can be
induced to produce spores after only a few hours when incubated in water
at room temperature. Rich sporulation occurs after abcut 24 hours but this
falls off considerably after a few days, Under more'natural’conditions -
that is at stream temveratures - spore production is less profuse but
cntinues over a much longer time, Thus the fungi 'pace' themselves under
field conditions and are capable of prolonged sperulation., At relatively
high temperatures (above room temperature), andhen oxygen levels are
rather low, spore prcduction ceases and the aquatic Hyphomycetes become
oversrown with other organisms (fungi, bacteria and protozoans). He also
comments that "the temperature range for growth and sporulation seems to be
more narrov than that shown by other authors for common terrestrial fungi".

He reports Tubakis experiments (1957) where growth was good at 20°¢
but sporulation failed between 25°C and 30°G. His own experiments showed
4ood growth at low temperatures, with optima below 20°C in nutrient solution

and above 20°C on agar, with a decline in growth at 25°C. Optimum



N
[ ]

temperatures for sporulaticn were between 15°C and 20°C. Thus Nilsson's
and Thortcn's acccunts agree very well,

More recent studies on temperature have been carried out on aquatic
Hvohomycetes retrieved from terrestrial sources. Koske and Duncan (1974)
comnared the coptimal mycelial grewth temperatures of their "terrestrial”
isolates (12 species found on leaf litter) with those obtained by other
workers for "aquatic" isolates, They pointed out the very seasonal occurrence
=f many aquatic Hyphomycetes (particularly those with tri- and-tetraradiate
conidia) and suggested temperature as a critical factor. In their stwdy
of germination, 100% success occurred in species at 5°C: an ecologically
significant observation. The species which showed a lcw and narrow
temperature range vwere found to have a more strictly seasonal occurrence

or a more markedly seasonal abundance. For example, Gyoerfyella

crasiniformis, found sporulating abundantly ondcaying 1leaves in winter and

soring, but rarely in summer, produced Spores in very low numbers at
temoeratures over 10°C.

Singh and Musa (1977) studied the effects of temperature on growth,
snorulation and svore germination. Their labcratory studies showed higher
ootima, about 2500 for spcrulation. They concluded that this was related
to their terrestrial occurrence, linking their observations to those of
Koske ani Duncan (Nilsson alsc recorded higher optima for those srown on
solid versus liquid'media). Perhaps it might be more logical to associate
the hi.her optima with tropical rather than terrestrial ccnditions.

A quotation from Birlocher and Kendrick (The Dynamics of the Fungal
Population cnLeaves in a Stream: 1974) provideé a comment on this point and
a useful summing-up: "...the main factor which decided which fungi would be

d-minant in the early succession cn the leaves used in the present study



in tntario seems tc have been ability to srow at very low temperatures.
But aquatic Hyphomycetes.alsc cccur inthe trepics, so it is unlikely that
it was primarily ccld which led to their ovbvicus success in well aerated

streams around the world,"
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2.,2,2.3 The effects of aeration

The effects of aerati-n are considered belcw, along with outher
factors that affect spcrulation specifically. However a brief consideration
of the effects of a=sration on growth, and the iﬁportance of these observations
to labaratory culture and ecclogical understanding, are given here.

Nilsscn (N64) pointed out that aquatic Hyphomycetes cculd only be kept
growing and sporulating in shallow dishes and other containers for a few
days. Hcwever,mycelia on leaves or growing on agar, if submerged in water
through which air was bubbled, carried ~n growing and svorulating for many
veeks. He added a caution however - some species of aquatic Hyph-omycete
can grow in quite anaerobic conditions. Thus Tubaki (1957) f-und that

Articulosvora tetracladia (a good example ~f such a 'versatile' species -

see section Zfl)grew'almost as well in anaerobic conditions as it d4id in
nbic, This result confirms an ecological exception rather than providing
an awkward anomaly. Ancother ecnlogically interesting observatinn was the
way in which well-aerated conditions limited the growth »f lower aquatic
fungi.

Thornton's thesis is notable for the careful way inwhich each problem
is avoroached and each experiment designed. He was anxious to provide
suitable, optimal conditions of growth f»r the aquatic Hyphomycetes whose
physiology he was studying. This involved pilot studies -n the influence
~f aerati-n - as well as pH and temperature - ani allowed more confidence
t» be nlaced in his determinations of the amount »f zr-wth exhibited by the
fungi under different nutritional regimes.,

During a brief study cn the optimum pH for growth in two species of
aquatic Hypheomycete he found that the liquid medium usei, whose pH was

initially well within the optimum range, became pregressively more acid due



t> fungzal respiration. This led to inhibition of growth, 1In those
experiments where a buffer was includead to naintain oH growth was also
affected, this time due to inhibition by the bufferitself. An awkward
oroblem; however the experiments on aeration provided a solution.

Monod had come to the conclusion that aeratinn was essential in
quantitative bacterial work. Thorton ooints this out and remarks »n the
amount of quantitative work done on fungi where this important cultural
influence has been ignored. In his nutritional studies conclusions were
to be based on the weight of washed mycelium produced. He therefore set
uop a pilot study where the growth »f mycelium in his basic liquid medium

was compared under two conditionss when the culture flasks were left

standing (air could enter);and when they were forcibly aerated by continuous

shaking. The shaken cultures reached a higher maximum wei:sht than those

that had been left standing. He attributed this both tc increased aeratinn

and to a rise in pH -~ to be more accurate a lack of fall in pH. Apoarently

in the shaken cultures the acid ovroduced on respiration formed a usable
carbon source. Shaken cultures left to stand sh-wed a fall in oH, whilst
standing cultures subjected toc aerati-n showed a further increase in the
weight of mycelium prcduced. This type of study is extremely useful in
elucidating suitable conditions for both the study and’maintenance of

fungi under labcratory conditions.

2.2,2.4 varisus influences on spnrulation

Any studies on those factors which affect sporulation in the aquatic
Hyphomycetes - which inhibit, cause cr enhance it - will be of particular
value to those studying the ecology of these fungi. The effects of pH

and temperature have already been discussed, Three main tooics will be



covered in this accrunts

1. The inseparable and combined effects of aeration and turbulence,
mirroring conditions in a fast f}qwing Stream.

2. The reactinn of these fungi to various tyves ~f damage, some important
only under laboratory conditions, some more important in the field.

3. The ability of these fungi to sporulate when not submerged under water;
frr instance, when growing on solid media,

These three topics overlap to some extent,

The effects of aeration have already been touched on., The aeration of
liquid cultures, or of water containing agar pleces or leaves bearing aquatic
Hyph-mycetes, has the advantage of prolonging the vezetative and reproduct;ve
life of the fungus;. it may also promote more vigorous growth. However,
forced aerati-n has two "components": it creates turbulence as well as
increasing the amount of oxygen dissolved. These two effects also sccur
in those streams where the characteristic spores of aquatic Hyphomycetes are
found so abundantly.

Webster and Twfik (1972) decided to study these effects quantitatively.
Discs of agar cut from colonies of aquatic Hyohomycetes, or mycelial pellets
produced in shaken culture, were put in water and then f-rcibly aerated by
two methods: the air was passed as small bubbles thrnugh & sintered glass
bulb; or as large bubbles through a hypodermic needle.

They found that the number of spores produced varied with the rate of
acration. They then extended their investigations to find out which of the
effects associated with forcible aeration stimulated spore prnduction.

Cxygen concentration did increase a little as aeration rate increased but
this could not explain the increase in spore numbers. An experiment using

nitrogen instead of oxyzen was almyst as successful in stimulating spore
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nroduction. Could turbulence have stimulated svorulation? The more violent
agitation of the cultures oroduced by the largé bubbles of the hypodermic
was more effective at stimulating spore production than the gentler

action of the glass aerator at the same aeration rate - even though these
small bubbles produce a higher concentration of dissolved oxygen.

Perhaps aeration removes gaseous growth inhibitors. The effects of
'fresh' and recirculated oxygen were compared. There was no significant
difference in spore production under the two different regimes,

Could aeration affect translocation of nutrients? Experiments using
vashed mycelial pellets instead of agar discs gave essentially the same
results - an increase in spare production with aeration rate.

.To investigate the effects of turbulence further, cultures were placed
on a soecial magnetié stirrer., To distinguish the mechanical effects of
agitation from those of asration the cultures were either stirred at a
constant rate whilst aeration rate was varied; or stirred at different
rates whilst aeration was kept constant, Stirred cultures always praduced
more spores than unstirred and sporulation increased with increasing stirring
at a constant aeration rate. They suggest that this response tc mechanical
agitation may be an adaptation to turbulent:stream conditions.

The enhanced préduction of spores as water flows over a rough stream
bed, or down a slope, or over a waterfall should be taken into account when
using the number of spores retrieved as an indication of the abundance of the
fungi on their substrates, It may be that even heavy rain can have such an
effect; though rain may contribute in other ways to the spore lcad (see
Section 2.3.6.2).

Webster (1975) continued experiments on aeration, examining several

reasonable hypotheses for the effect of turbulence in increasing spore
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oroduction. He found that increase in forced aeration rate could
accelerate spore productizn in some specigs. This was not due, with one
exception, tc a premature detachment of smaller, or undeveloped spores,
In V., elodeac the variable spore fomhad progressively fewer arms as
aeration rate increased, |

The production of shorter conidiophores -~ and presumably more rapid
initiation of spore production - was demonstrated for one easily studied

species only (Lemonniera aguatica).

Perhaps increased aeration induced more conidiophores to develop ver
unit area of culture disc? Webster found significant increases in density
at higher aeration rates, "This idea is alsc supported by the finding
that many fungi grown under conditicns of submerged fermentation branch
nore onrofusely if vigorously stirred. Since in aquatic Hyphomycetes
submerzed anices of vegetative hyphae appear to be transformed directly
into cenidiwphores; any treatment which increases the frequency of branching

wculd also increase the amount of sporulation". Further svidence was
orovided by the continued production of larie numbers of conidia when the
aeration rate was dropped from high to low. This is presumably the major
effect of aeration, and turbulence, on the sporulation behaviour of aquatic
Hyphomycetes,

Aging_cultures dc not sporulate as vigorously as &ounger cul tures,
Younis (1966) Nilssoh (N64) and Igbal (1972) found that cutting and wounding old
aquatic Hyphcmycete cultures prcmoted and enhanced.5poru1ation. Sporulation
occurred'nrincinally along the cut edge itself; this phenomenon has been
cbserved in cultures of ~ther types of fungi. When leaves bearing
vesetative jrowth of aquatic Hyphomycetes are cut up and submersed in water

sporulation occurs mcre profusely aiong the cut eds;e than on the leaf marsin



itself. Cutting can therefore be of zreat usé when large numbers of spores
are to be produced and can accelerate the idehtification of fungi growing
only vegefatively on cultures and cn substrates.

Iqbal investigated the effect of u-v irradiation in stimulating
sporulation, He showed that the effect was suppressed vezetative growth
followed by the develonment of most hyphae as conidiopheres. This must be
the effect of cutting: vezetative growth is vhysically arrested and the
jamaged -hyphae grow on as conidiophores, just as submerged vegetative hyphal
apices switch to conidiophore development.

When Ingold (1942) grew colonies of aquatic Hyphomycetes on malt agar
he found it necessary to submerse pieces of the cclony in water before
sporulation occurred. This procedure has been foilowed by other people;
sometimes they have confirmed the need for svecial treatments to induce
sporulation., However, several other investigators, principally those
studying terrestrial isclates of aquatic Hyphomycetes, have questioned this
need. They explain their success in producing sporulation on dry, solid
media in several ways.

Nilsson (N64) found difficulty in producing spores on nutrient azars
and had to resort to submerzence. When aerial sporulation did =»ccur the
soores were often not typical "aquaspores" but aberrant or asrial forms,
Abundant orcduction of aerial spores reflected the mcre versatile nature of
some ~f the species, However, on plain agar, cut into pieces but not
submerzed, sporulation was almost as profuse as on submerged pieces., Also,
piecas of colony vlaced in distilled watér produced spores faster and more
abundantly than lake oxr tap water, or nutrient solutions. His conclusin
was that too rich a medium prevented or restricted sporulation (ve;etative

srowth is encouraged at the expense of reproductive growth)., Alsc that
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cutting further stimulated sporulation (as abcve),

Bandoni (1972) and Koske and Duncan (1974),growing terrestrial
isolates of aquatic Hyphomyctes cn solid MYP agar,had little difficulty
in oroducing typical spores. They contrasted ease of sporulation on his
medium with a much voorer performance on malt and oat agars - traditional
culture media which adequately support vejietative growth ~ and concluded
that the medium used was a critical factor. However, the fact that these
varticular fungi had been isolated fram terrestrial habitats might suggest
that different strains of the various species were involved, Singh and
Musa {1977) found that their terrestrial isclates of tropical aquatic
Hyoh:mycetes snorulated even on relatively rich malt agar, They
concluded that this was due to their terrestrial origins,

Further work will no doubt elucidate the difference between culture
media, culture cnnditions and the origins and "lifestyle"” of the fungi

involved,

2.2,3 The substrate .
Aquatic Hyphomycetes are typically found on submerged leaves of
deciduous trees., In elucidating their ecologicali role, work on their
seasonsl occurrence iﬁ their typical stream habitat can be coupled with
knowledze ~f leaf composition (and changes in composition with descay), and
information ¢on their nutritional requirements and capabilities, Recently
quite a lot of whrk has been dcne on the seasonal and successional behaviour
aquatic Hyphomycetes (eg. Triska 1970, Iqbal 1972, Barlocher and Kendrick
1974, Suberkropn and Klug 1976). Knowledge of leaf compasition is quite
extensive: this is especially so for terrestrial leaf litter, but work

has also been dons on submerged plant material (eg. Newton 1971, Suberkropp

et al 1976; see section 3.2,3. However, laboratory work on nutritional
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requirements, except for information on suitable laboratory culture
condifisns, is restricted almost entirely to the work of Nilsscn (N64) and
Thernton (1962, 1963).

In this brief account the following main topics will be discussed:
the range and characteristics of media which will subport aquatic Hyphcmycetes
in the laboratory; experiments on their ability to use important carbon and
nitrecgen sources; and their requiremenis for vitamins,

Many observations have been made ~n the media capable of supporting
the zr~wth of agautic Hyphcmycetes in the laboratcry (see section 2.2.2.4).
Nilsson points out two important features in this resvect. Firstly, growth
and svorulation in distilled water and on very weak media (such as plain
agar) demonstrate their lack of special zrowth requirements and the ability
to grow on subst?ates with very little nutrient available., In fact, aquatic
Hyphomycetes have been shown to grow on glass slides immersed in streams
(Sladeckova 1963) - though here dissolved nutrients are available to them
(see below). Secondly, agquatic Hyphomycetes grow well on a variety of ccmmon
labrratory media (thcugh sporulation may require special conditicns)s this
is so even in "synthetic nutrient soluticns containing only minerals and

R "
minute amounts of carbon.

2,2,3.1 The carbon nutriticn of aquatic Hyphomycetes

The ability of aquatic Hyphomycetes to grow on varicus carbon socurces
is an important and interesting field of investigation. Thornton preceeded
his labgratory studies on carbon nutrition with analysis of the different
carbohydrates found in the leached leaves of several tree species. This
zave him a list of ' ecologically significant' carbon substrates, The growth

of 8 different species of aquatic Hyphomycetes and 3 species of ccmmon water
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mould (aquatic Phycomycetes) was measured on the following 8 sources of
carbohydratess ;lucose, fructose, maltose, cellobicse, xylose, starch,
sucrose and methylcellul~se, Briefly all.the aquatic Hyphomycetes grew
on all the carbohydrates substrates provided-except that 2 species showad
n> growth on starch and, more impcrtantly, ncne showed any grcwth on methyl-
cellulvse, The 3 species of aquatic Phycumycete showed ;srowth cn glucose
-nly. ( see Table 2,1.) Thus aquatic Hyphomycates are cavable of using
a variety of carbohydrates, all fzund in leaves., This must contribute
sreatly t-» their sustained zr~wth and dominance on leaf substrates,

Nilscon augmented observations -n cellul-se use by the sucessful

gr-wth of 2 species of aquatic Hyphomycete ( Tetracladium marchalianum

and Margaritospora aquatica ) on a medium ccntaining inorganic salts and

filter paper asthe sole carbon s.urce. He pointed out that no "far-reaching
conclusions" could be drawn from this work, but commented: " I am convinced
that the maj-rity of the true fresh water Hyphumycetes take an active part
in tﬂe deccmposition »f cellulose and other organic material,"

E4rlocher and Kendrick (1974) remarked on the lack of infermation
on the enzymic capabilities of aquatic Hyphomycetes. Tﬁey stressed that
"vegetable materials usually contain high prop-rtinsns oflignin and cellulosq,'
tw~ substances which are decomposed slowly, if at all, by many orsanisms."
There is quite a lot of circumstantial evidence for cellulytic ability in
these fungi. Many field and laboratory studics have observed them growing
on well-dec:mposed leaves with very little in the way of carbohydrate except
cellulose., Since then Park (1974) has observed that ﬁhe versatile terrestrial

and aquaticfungus Tricladium terrestre could clear celluluse agar but no

quantitative measurements were made and this was the only species under study.

In Birlocher and Kendricks' review article ( Gareth-Jones 1976 ) on the role



The molar growth J:elds of some aquatic IIyphomycetes
on various carbon sources

Species Glucose
Ariiculospora tetracladia 81-7+
Flagellospora penicillioides 722
Heliscus lugdunensis . 850
Tricladivum angulatum 97-0
T. splendens 99-5
Tetracladium setigerum 875
Varicosporium elodeae 79-4
Volucrispora aurantiaca 874
Pythium ullimum 84-1
Saprolegnia litoralis 93-0
Dictyuchus sterile 494
Sordaria fimicola 833
Merulius lacrymans T2-4

Carbohydrate
Fructose Sucrose Maltose
88-0 856 68-0 80-0
68-4 04-4 840 78-2
970 1115 © 890 79-6
107-0 80-1 87-5 81-8
06-8 1115 86-5 89-4
86-0 873 840 78-2
824 210 80-5 69-6
89-9 210 948 255

621

81-3

784
87-5
83-0
50-7
829

* Molar growth yield is expressed as mg. dry wt. mycelium produced per millimole
carbohydrate utilized. Carbohydrate was supplied to above cultures at a concentration
4 g./1. medium. Incubation was in shaken culture at 15°,

The ylelds (mng.) of aquatic Hyphomycetes on nitrate and

Species

Arliculospora tetracladia

Varicesporium elodeae
Tricladium splendens
Flagellospora penicillioides
T. angulatum

Heliscus lugdunensis
Volucrispora aurantiaca

14 days

incubation
yield/Aask, .

nitrate

28-6
29-4
33-7
29-5
223
817
Trace

ammonium ions

11 days
incubation

yield/flask,

ammonium

Controls

(no nitrogen)

1-6

3

Xylose Cellobiose Starch

of
of

Percentage utilization of nitrate and ammonium tons by aquatic Hypho-
mycetes on the 6th and 13th days of incubation al a temperature of 15°

The medium contained glucose, 4-0 g.; KH,PO,, 1-0 g.; MgSO,, 0-2 g.; FeCl,, 002 g.;

biotin 5 xg.; pantothenic acid, 5 ug

Species
Articulospora tetracladia
Varicosporium elodeae
Tricladium splendens
T. angulatum
Flagellospora penicillioides
Heliscus lugdunensis

Table 21

.; distilled water, 1 1.

6th day

% NH, % NO,

utilized utilized
99-4 674
82-3 21-0
741 22-4
819 9-3
79-1 26-4
65-2 14-§5.

15th day
oL NH, 9% NO,
- utilized utilized
09-4 26-1
" 994 08-0
90-4 98-9
804 28-4
99-4 99-4
975 99-4

From Thomteon 1963.
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of aquatic Hyphomycetes as intermediates in the decomposition of leaf
material by invertebrates two important voints arec made. They stress

the suverior ability ~f fungi over bacteriz to degrade cellulose and
liznin - substances that cann-~t be digested by myst invertebrates. They
also vpoint out the universal occurrence of aquatic Hyph-mycetes on decaying
leaves in streams all over the world. Suberkropp and Klus in their interesting
and comorehensive study "Fungi and bacteria associated with leaves during
processing in a woodland stream" (1976) discuss successional and seasonal
patterns of agquatic Hyphomycete occurrence on leaves. In their c-ncluding
remarks they state "Preliminary data from our laboratnary indicate that all
of the aquatic Hyph-mycetes are capable of elabrrating pectinase and
cellulase”, This would mean that these fungli are capable »~f macerating the
leaf tissué as well as breaking down its major structural comoonent,

Unfortunately the results of this imvportant work are not yet available.

2.2.3.2 The nitrogen requirements of aquatic Hyvhomycetes,

All living organisms require nitrogen: many l-wexr fungi, including
mrst aquatic Phycomycetes, require this nitrogen “"ready formed" as ~rganic
comnouﬁds. Thorton investigated the ability of aquatic Hyphcmycetes t~ use
the innrzanic nitrogen available from solution in stream water. The growth
of seven species was examined on the two moszt usuai sources of dissolved
nitrogen in streamss ammonium and nitrate ions. All but one species grew
on both sources, A slight preference for the ammonium ion was observed.
This vreferential use was c~nfirmed by % utilization using a mixture of
ammonium and nitrate, Thornton suggested that "aquatic Hyohomycetes may
benefit more from the nitrate and ammonium ions leached from the soil into

streams than do other aguatic molds". {See Table 2.1 ),
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It may be appropriate here to mention some field and laboratory
investigations into.fungal decomposition and the nitrogen content cf
Aecomposing leaves. Kaushik and Hynes (1971) immersed leaf dises (of
various species) in a river. The retrieved discs showed degradation, mainly
by fungi, accompanied by loss of weight but an increase in nitrogen conten£.
This was attributed to the ability of the fungi to use soluble nitrogen
sources for incorporation into fungal biomass, rather than decreasing the
nitrogen content of the leaf by withdrawing and using ready formed organic
sources., They followed up these field cbservations with a series of
investigations in the laboratory where leaves were bathed in solutions
enriched and unenriched with additional nitrcgen and phosphorus. The increase
in nitrogen was greater in enriched solution, Antifungal and antibacterial
substances were included, separately and in combination, to assess the
contribution made by the fungal and bacterial leaf floras. The results
confirmed the role of the fungis no nitrogen increase was cbserved when
antifungal substances were included. Kaushik and Hynes decided that terrestrial
Hyphomycetes were important members of their leaf floras - though the
incubation conditions used may have restricted the species of fungi "discovered"
(see section 4.1 and Suberkropp and Klug 1976).

Newton (1971) found that whole Alnus leaves, placed in a river and
then retrieved at intervals for chemical and mycological investigation
showed progressive increases in protein content. This appears to be a
reflecticn of the same phenomeﬁén. She found that.both aquatic phycomycetes
and aquatic Hyphomycetes were impcrtant members of the leaf mycoflora,

It seems reasonable, taking into account the particular ability of
aquatié Hyphomycetes to use scluble ;norganic nitrogen, to extrapolate the

principie of nitrogen'trapping' and incorporation to this group of fungi.
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However the results obtained in these field and laboratory investigations
inevitably reflect the methods chosen and the particular river and leaves

studied,

2.2,3.3. The vitamin requirements of aquatic Hyphomycetes

Aquatic phycomycetes often have a special growth requirement for
vitamins. The vitamin requirements of aquatic Hyphomycetes were studied
by both Thcrton and Nilsson. Thorton tested various B vitamins and vitamin
C. '"several species of aquatic Hyphomycete had no detectable vitamin
requirements, whilst in others the lag period of growth was shortened
in the presence of certain vitamins...." Nilsson looked at the effects of

vitamins on the growth of two species (T. marchalianum and M-aquatica).

Both could grow without these vitamins but growth was improved in some of

the vitamin enriched media,

Sparrow summarises the nutritional ability of aquatic Hyphomycetes in
his review article on the ececlogy of various freshwatef fungi (Ainsworth
and Sussman 1968) ".... the ease with which these hyphomycetes utilise
inorganic nitrogen sources gives them an advantage over the more fastidious
water molds.... alsce ....imperfects use awide range of simple and polymeric
carbchydrates and again have a nutritive advantage over their competitors,
the Saprolegniaceae, which are more restricted in their carbon sources",

The importance of cellulytic ability to saprophytic fungi such as aquatic
Hyphcmycetes, the circumstantial evidence pointing to this ability, but the

lack ef laboratory investigations into this ability, have all been stressed

above,
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2.3 The Ecology of Aquatic Hyphomycetes

-

2.3.1 Introduction

Aquatic Hyphomycetes have been studied principally in the well-aerated
streams of teﬁperate areas, In such streams the main substrate is the
seasonal supply of deciduous tree leaves., This emphasis is reflected in
those major studies which consider the ecological role of aquatic Hyphomycetes,
for example: ‘''Seasonal distribution of aquatic Hyphomycetes in relation
to the disappearance of leaf litter from a woodland stream'" (Triska 1970);
"Fungi and bacteria associated with leaves during processing inawocdland
stream'" (Suberkropp and Klug 1976) ; "Dynamics of the fungal population
on leaves in a stream'" (B¥rlocher and Kendrick 1974).

It is probably true to say that-the world-wide importance of aquatic
Hyphomycetes is-accurately based on their role as decomposers of leaf material
in such waters: these are the habitat; and substrates in which the abundance
and variety of aquatic Hyphomycete species has rightly attracted the attention of
ecologists and mycologists. |

Becausé of this emphasis, quite a lot is known about the decomposition
of several different species of tree leaves aided by known species of aquatic
Hyphomycete, However the importance of these fungi, even taken as a group,
may not be adequately appreciated on other subatrates, in other geographical
locations. ~Much,of .course, is and can be inferred.,

The autecology of aquatic Hyphomycetes is discussed below under se&eral
convenient headings. Inevitably however these accounts inter-relate and

overlap,and summary patterns are included to help draw the threads together,

2,3.2 Substrates for aquatic Hyphomycetes

Aquatic Hyphomycetes have been found growing on a variety of natural and



artificial substrates both in water and on land.

Table 2.2

Substrates of aquatic Hyphomycetes

In water
Natural substrates
substrate:

Deciduous tree leaves

Herbaceous dicot., leaves

Grass culms and leaves

Coniferous needles

Wood

Artificial substrates

Glass slides

Glass slides coated with rosin
Plastic

Paper

String

Cloth

On land (see sectiocn 2,3.6.1)
Deciduous tree leaves
Herbaceous leaves and stems
Grass culms

Living grass leaves

Wood

Root surface

Soil

references:
numnerous

eg. Padgett 1976
(tropical)

eg. Igbal 1972

eg. Birlocher and
Oertli 1978

several - eg,

Willougnby & Archer
1973

SLadeckova 1964

Birlocher et al 1977

reported by Nilsson
(N64)

eg. Bandoni 1972
eg. Bandoni 1972
eg. Webster 1954
eg. Makela 1972

Price and ‘Talbot 1966

‘eg. Waid 1954

Gams, Domsch and Weber
1969
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Some species, for example Tetracladium marchalianum (typically aquatic) and

Varicosporium elodeae (versatile) can be found on a great variety of

substrates, These tend to be the species with particularly well adapted
spores; they are also likely to have a wide geographical distribution., Other

are less widely found. For instance Tricladium giganteum has a "particular

prediliction for grass' (Willoughby 1975) whilst the enormous spore of

Polycladium equiseti '"....so far as I know has only been collected once.

It was found in abundance on dead bleached submerged internodes of Equi setum

fluvitale', (Ingold 1975a). The huge spore Actinospora megalospora appears
asyriale P P

to be limited to submerged wood (Archer and Willoughby 1969).

In well-aerated streams a newly fallen submerged leaf rapidly loses
much of its soluble components. As decomposition progresses the softer
parts tend to disappear - aided by stream invertebrates which prefer to eat
these parts., This leaves a network of resistent veins, Although aquatic
Hyphomycetes appear rapidly after the leaf enters the stream,the variety
and abundauce is often striking on these skeletonised leaves, Some species
do tend to occur mere abundantly near the beginning of ieaf processing,
perhaps exploiting the more readily available leaf components.,

Heliscus lugdunensis, on the other hand favours the hard parts of the

leaf, its veins and lamina and so its numbers increase as the leaf
skeletonizes.

Suberkropp and Klug (1976) suggest that all species have
cellulytic ability, This, as well as an ability to use most of the simpler
carbon compounds in the leaf and to augment nitrogen supplies.from the
surrounding stream water,explains the presence of aquatic Hyphomycetes
throughout the first stages of leaf processing— from newly shed leaf to part

of the large pool of detrital particles,
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The balance of species and abundance of these fungi does change during
the decay of a particular species, though this may be due to
environmental factors as well as chemical changes in the substrate, Different
species of leaf examined at the same time in the same stream for Hyphomycete
growth will nét necessarily be colonized by the same species or to the same
extent, For instance Birlocher and Kendrick (1974) found that Tricladium
angulatum was an abundant member of the maple and ash mycofloras, but was
rarely found on oak, Some species, and these are usually the ones which
decompose rather rapidly, nearly always show abundant growth, Alder is
a good example, The aquatic Hyphomycetes described in Ingold's first study
of 1942 were found on élder leaves. Leaves such as oak or beech decompose
more slowly than other species, probably due to their tough leathery texture
and the inhibitory effect of the tannins they contain, Aquatic Hyphomycetes
tharefore take longer to build up on these'élow decomposers and may nevér
show the variety and abundance exhibited on other leaf species.

It is difficult to generalize about individual species of aguatic
Hyphomycete, A different combination of leaf species and stream conditions
may alter the detailed seasonal and successional appearance of the species
involved. But as a group they are conspicuous colonizers of deciduous
leaves and their presence as spores and colonizing hyphae in early winter
can be massive,

Until recently it was thouglt that aquatic Hyphomycetes did not grow
on needles from coniferous trees, and therefore could not contribute to their
decomposition. Birlocher and Oertli, however have recently shown "that they
occur though at low frequencies on the needles of at least one conifer Pinus
resinosa'., Experiment showed that these low numbers were due to inhibitory

substances rather than lack of nutrients,



Records of aquatic Hyphomycetes growing on wood are reasonably
common, A few are found almost exclusively on wood but for many it appears
to provide an 'alternative substrate' in addition to leaves (see 2.3.4.2).
This is especially so with those imperfect species which have a perfect

stage that grows on wood, such as Heliscus lugdunensis and Anguillospora

crassa. Gareth-Jones (1976) lists 15 aquatic Hyphomycetes as 'fresh-water
lignicolous fungi' in his summary of all freshwater fungal species found

on wood, This includes such well known species a2s Alatospora acuminanta,

Articulosporaz tetracladia, Clavariopsis aquatica, Lemmoniera aquatica and .

Tricladium splendens, Growth on wood, of course does not necessarily imply

an ability to use lignin,
Willoughby and Archer (1973) provide a major contribution to knowledge

of the aquatic Hyphomycete flora of twigs in ''The fungal spora of a fresh-
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water stream and its colonization pattern on wood". They found H. lugdunensis

= common on the harder parts of leaves = to be an early colonist of

submerged twigs whilst Dimorphosphora foliicola was a late colonist.

Experiment and observation suggested that Lthe sugar reserves in twigs

stimulated the initial colonization by H. lugdunensis; whilst the continued

presence and slow release of such sugar might "prolong and complicate the
pattern of succession on twigs'. Leaves lose most of their leachable
sugars in the first few days of immersion in water (Kaushik and Hynes 1971).

Igbal found Yaricocosporium elodese particularly common on submerged

grass in Dartmoor rivers. This explained the high frequency of V. elodeae
spores in a moorland area where grass probably provided more vegetable
material for colonization than did tree leaves,

The presence of aquatic Hyphomycetes growing on such inert structures
as glass and plastic reflects their ability to 'trap' nutrients from the
surrounding water whilst using these 'substrates' purely as a hold-fast

(B&rlocher and Kendrick 1974),



2.3.3 Habitats of aquatic Hyphomycetes

Taken as a group: A well aerated stream, lined with trees and shrubs

of all kinds, especially alder, hawthorr or cak, provides an ideal habitat

for aquatic Hyphomycetes™, (Iqbal 1972 - my emphasis). This type of 'stock'

description of the typical habitat and substrate of these fungi is re~iterated

in numerous papers, However, due to the success of the group as a whole,

and to certain versatile species in particular, these fungi are also found

in a wide variety of still and running waters, as well as on land., The

range of habitats from which aquatic Hyphomycetes have been recorded is set

out below,

Habitats of aquatic Hyphomycetes

Aquatic habitats

Streams

Rivers
Lakes and Ponds

Estuaries

Temporary pools

Snow
as

spores
Foam and scum p

Terrestrial habitats

Soil

Leaf litter layer

Living plants

Table 2.3

numerous references

numerous, eg, Igbal
and Webster 1973

eg. Suzuki and Nimura
1963

Kivk 1969

ez. BErlocher et al
1978

Tubaki 196

eg. Dudka 1975

eg. Gams et al 1969

numerous eg. Bandoni
1972

eg. Makela 1972
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Obviously not all of these habitats support an equally varied and abundant
aquatic Hyphomycete flora. There is also the problem of whether the fungi
have been recorded as colonizing mycelia, or whether they have been found

as spores, The differences can be very important. Some lakes, for
instance, yieid quite a rich spora but Nilsson's view is that "the occurrence
of the fungi in large streams and lakes is mainly a result of transportation
of the fungi and/or their spores into these waters", and not the record of

an indigenous flora.

Rivers and lakes - depending on leaf input and environment =- may be
quite important habitats, however the abundance and variety of species.
diminishes in these ané other'non-stream'environments, Thus Nilsson (N64&)
reporting on Swedish findings states that "many species do occur in lakes
and ponds, but rarely in abundance" and gives an interesting example of a

lake where only one species = Tetracladium marchalianum - '‘grew on almost

every leaf near the shore in a locality exposed to hard wave action",
Turbulence seems to have contributed to abundance in this case. He also
notes that the occurance of aquatic Hyphomycetes tends to be irregular in
lakes and large streams whilst the majority of species found in smaller
streams occur year after year (and often all year round),

Ponds and other small, more or less stagnant waters do yield several

species. Few are '"completely aquatic species" but tend to include versatiles

such as V, elodeae and A, tetracladia. These, along with MHargaritospora

aquatica and Dimorphospora foliicola are also found in the temporary forest

pools which dry up every summer, in temporary streams, and in flooded areas.
Each of these species is éapable of producing a different form of spare

depending on conditions (see 2.1.4).
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Nilsson makes a particularly interesting point with respect to the
successful colonization of leaves in any aquatic habitat, Aquatic
Hyphomycetes are rare or absent in any environment which encourages the
heavy growth of algae, phycomycetes and protozoans, or where a layer of
mud builds up; Competition for space and substrate is too great for the
slow-growing fungi. Thus when he lists those features which make streams
"....especially small turbulent ones'.... particularly suitable habitats
for aquatic Hyphomycetes he includes the cleaning action of the stream
water,

Although spores of aquatic Hyphomycetes are washed down to estuaries
they are unlikely to gérminate and grow successfully; growth seems to
decrease with increase in salinity (N64)., Kirk (1969) hbwever has found
aquatic Hyphomycetes growing on wood in an estuary,

Tubaki (1963) and others have found the spores of certain aquatic

Hyphomycetes in snow - including A, acuminata, A, longissima and T, angulatum

- along with other branched propagules whose fungal or algal identity is
uﬁcertain.

Dudka and Beregovaya (1975) write of foam and film as an 'ecological
niche' of aquatic Hyphomycetes in which the viability of their conidia is
preserved and in which they can be dispersed (see 2.3.5).

Aquatic Hyphomycetes have been recorded, at first occasionally, recently
more systematically from tervestrial habitats, This interesting topic is
treated separately in section 2,3,6,1, |

Nilsson (N64) draws up a table giving the records of each of the Swedish
species from a variety of aquatic, semi-aquatic and terrestrial biotopes,
This indicates in which biotope each species i3 generally found. Thus the
versatile fungi mentioned above are more commonly associated with stagnant

water, semi-aquatic and terrestrial conditions; whilst the well known
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tetraradiate and sigmoid forms generally occur in streams., However, some

of the ubiquitous species, such as A, acuminata, . H, 1S%unensis and L, aquatica,

although associated mainly with a completely submerged existence, have been
recorded from a very wide range of habitats., Nilsson remarks that although
it is obvious."that some [species] are semi-aquatic and many of them not
completely aquatic.....knowledge of the ecology of the group is still too
superficial to permit a definite classifying in(te) non-aquatic and aquatic
species'. Perhaps the interesting feature of this aspect of the ecology of
'aquatic’ Hyphomycetes is their 'refusal' to be classified in such a way.
Tetraradiate and sigmoid spored species dominate the stream habitat yet

may also grow in a variety of other habitats, whilst fungi not as well
adapted to a completely submerged existence can thrive in semi-aquatic and
terrestrial biotopes, bridging the gap in habitats which switch from aquatic
to terrestrial conditions, such as temporary pools and intermittently flooded
areas,

Attempts have been made to classify the more important habitats of
aquatic Hyphomycetes in order to pin-down the factors which make them suitable,
Nat all streams, for instance, are equally suitable: and when does a stream
become a river?

Classification is not easy. "The physical environment in which the
aquatic Hyphomycetes occur presents one of the largest obstacles in the
ecological study of these fungi. The fungi are in a constantly chang;ng
environment and the source of some of the conidia is uncerﬁain". Many |
'unknowns' are involved. Qualitative descriptions of the habitat may be
inexact, quantitative measurcment may be hard to make, or may relate to
factors too local or variable to be of any use in a general classification.

Many records are of sporas alone, so that the flora orf the habitat is unknown,
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For instance, turbulence may increase, and pH decrease the numbers of
spores produced within a habitat whilst vegetative growth remains largely
unaffected, Runoff from the terrestriallenvironment and spore loads
brought from upstream of a particular site may bias the spora with respect
to the flora,

Suzuki and Nimura's classification of lakes, with pH range related
to species found, was mentioned in 2,2,

Nilsson gives a comprehensive but qualitative classification of streams,
making a particular note of size and physical conditions, He gives an
indication of abundance and a list of representative species from each of the
stream types.. To summarize hié observations: 'My investigations in Sweden
have shown that the main biotope for freshwéter hyphomycetes is a.small well=-
aerated oligotrophic to eutrophic forest stream'. Little growth occurs
in small alpine and subalpine brooks deprived of suitable substrate. Whilst
in oligotrophic, well-aerated subalpine streams with a dense bordering
vegetation growth may be abundant, but species few, Several categories
of well-aerated oligotropic to eutrophic forests streams support an abundant
and varied flora; whilst slow running eutrophic lowland streams (often with few
bordering trees) and stagnant slow running forest streams show little or no
growth,

Many other workérs, studying aquatic Hyphomycetes as an ecological group
important in-the decémposition of allocthonous vegetable material, have
contributed valuable physical, chemical and biological data - such as
information on dissolved nutrients, pH, temperature and leaf input =
accompanied by useful species lists, So many parameters are involved that
it is perhaps unrealistic to attempt a comprehensive classification of

streams and the aquatic Hyphomycetes they support.
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2.3.4 The distribution of aquatic Hyphomycetes.
2.3.4.1. Distributicn in space: regional and gecgraphical reccrds

Regional distribution: Aquatic Hyphcmycetes may be recarded as coclcnizers

of plant material, cr scmetimes by the presence of their spores alone,

Different combinations of bislozical, chemical ani physical factors,
such as the number of trees bordering a stream, the pH of the water, and
turbulence of fl-w may all lead to lzcal or rezional 3ifferences in
abundance énd species composition. These factors ~bviously influence the
colonization of leaves and other material by aquatic Hyphomycetes; they may
also have a disproportionate effect on the abundance and relative Sspecies
compnsition of the spores found. Spores in foam, scum and water are an easy
and widely used way of getting an idea of the flora in the locality from
which they were collected. Ancmalies and discrepancies may arise unless
caution is -exercised (see 2.3.6.2), For instance, lakes,lower reaches of
streams and rivers, and even estuaries may act as 'sinks' for spores washed
downstream. As Nilsson ccmments....”"a large number of spores of hyphomycetes
are obviously transported intc many lakes by the surrouﬁding streams....
the transport from the surrounding system must always be taken into account
in discussions on the composition of the microflora of lakes".

Igbal provides interesting evidence of regional differences (1972).
He contends that each river system has its own characteristic spora and
contrasts the range of species and dominant species found in a Dartmoor rivex
system and in the River Exe and its tributaries. The use of sporas here seems
valid since Igbal is considering an aggregate spora with contributions from
the numerous tributaries which go to make up the system. The sporas seem to
reflect the different countryside through which these two system flow,

Dartmoor is a harsher upland environment, with fewer trees, and generally
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speaking more acid waters,often with humic substances., The River Exe
includes lowland tributaries with abundant bordering trees,

Geographical distribution: Nilsson (N6), Petersen (1962 et seq) and Ingold

(1966) give a great deal of information on the geographical records and
distributicn of individual species of aquatic Hyphomycete. Triska, in his

1970 Ph.D. thesis on  Seasonal Distribution of aquatic Hyph-mycetes....."

als»n gives quite a comprehensive rsview of records in an attempt to tie
together information from diverse sources on the seasonal occurrence of species,
Sometimes the winter cr summer appearance of some species is reflected in

their major distribution area., friska found the mainly tropical species

Triscelonhorus monosporus in summer in his temperate stream, whilst frequent

winter recnrded species were -ften exclusive to cold temperate arsas.

En masse geographical distribution records are rather sverwhelming
and useful summaries are also given by Nilsscn (N64) and in Ingold's 1976
review paper (in Gareth-Jones).

Nilsson points out that many of the records used to build up the
picture of world-wide distribution of the aquatic Hyphocmycetes are based
on occasional and very local cbservations. Very few countries boast
systematic surveys of their floras. He himself studied several provinces
of Sweden: "In well investigated areas,.. where hundreds of waters have
been studied, a certain numbers of species occur in 50-70 per cent of the
waters where members of this group are present, Some species such as
F. curvula are found in almost every normal type »f stream"., Such ccmmon
species, he concludes are likely tc be commcn all over Sweden., They include:

Alatospora acuminata

Anguillospora l:ngissima

Articulospora tetracladia
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Clavatospora aquatica

Flagellospora curvula

Lemonniera aquatica'

Tetracladium marchalianum

Varicosporium elodeae
These are familiar species from discussions cof spors morphology and include
the most 'evolved' morphologies of their group, as well as the ubiquitous
and versatile V, elodeae. They havg also been found to be common members
f stream and river floras and sporas from many ~ther temperate areas (see
Table 2.6).

However many other species have a very limited or local distribution;
this is particularly so for the more peculiar and large spores. Nilsson
suggests that these may have special requirements, or they may "have a less
well-adapted type of spore and thus have reacted only a limited distribution".

The tropics boast fewer records but appear to support very rich and
varied floras. "It is evident from the numercus unidentified spores that
the tropics have a rich flora....consisting of many peculiar types sometimes
with a tetraradiate »rganisatinn, sometimes with quite a different crganisation

~r with only indications of a special adapted spore type" (N64). T. monosporus

however represents a successful and well-adapted fungus with a typical tetra-
radiate shape (Fizure 2.7). It is a common and widely distributed species in
the trapics. Nilsson concludes: "For some species the climatic conditions
...may be of major importance but for the majority of the truly aquatic species
they are not. Some »f these are frund from biotopes at an altitude of 1000m.,

in the northern-most regions of the world to extreme tropical lowland biotopes".
He then surveys the known species of aquatic Hyph-mycete (in 1964),
placing them in one of 3 main groups according tc their distributions. His

lists are reproduced in Tzble 2.4)
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Table 2.4
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Geographical Distribution of Aquatic Hyphomycetes

Species with a world-wide distribution, mostly very common, The first
group includes species that seem to have their main distribution
decidedly in the tropical regicns, the second group species with their
main distribution in temperate and cold regions:

Actinospora megalospora
Campylospora chaetocladia
Clavatospora tentacula

Alatospora acuminata
Anguillospora crassa
Anguillospora longissima
Articulospora tetracladia
Clavariopsis aquatica
Clavatospora longibrachiata
Dactylella aquatica ~
Flagellospora curvula
Geniculospora inflata

Flagellospora penicillioides
Heliscus submersus
Triscelophorus monosporus

Lemonniera aquatica
Lemonniera terrestris
Lunulospora curvula
Tetrachaetum alegans
Tetracladium marchalianum
Tetracladium setigerum
Tricladium angulatum
Tricladium gracile
Tricladium splendens

Species only found in temperate and cold regions of the world, where they
are common or at least distributed in several countries:

Anguillospora pseudolongissima
Casaresia sphagnorum

Culicidospora gravida
Dactylella. submersa
Dendrospora erecta
Dimorphospora foliicola
Heliscus lugdunensis
Gyoerfyella craginiformis

Clavatospora stellata
Culicidospora aquatica

Margaritispora aquatica
Monotosporella microaquatica
Tetracladium maxilliformis
Tricellula aquatica
Tricladium anomalum
Varicosporium elodeae

Species with a very limited distribution usually only known from the
type locality. The first group includes species known only from tropical
regions, the second species reported only from temperate and cold regions:

Angulospora aquatica
Centrospora flagellifera
Geniculospora grandis

Anguillospora gigantea
Articulospora moniliforma
Bacillispora aquatica
Calcarispora hiemalis
Centrospora angulata
Clavariopsis brachycladia
Clavariopsis bulbosa
Flagellospora prolifera
Flagellospora stricta

from Nilsson 1964

Jaculispeora submersa
Pyramidospora casuarinae

Geniculospora intermedia
Lemcnniera cornuta
Lemonniera filiformis
Saprochaete ramonissima .
Speiropsis irregularis
Tricladium eccentricum
Tricladium patulum
Triscolophorus magnificus
Varicosporium aquaticum



Birlocher and Kendrick (1974),discussing the success of aquatic
Hyvhcmycetes in well-aerated streams arcund the world,conclude that a
combinatioﬁ of the ability to sporulate under water with "superior
adaotati~n for attachment to s-lid surfaces... and other as yet undetermined
factors [ ?cellulytic ability) have probably given this group a competetive
advantage from the outset. It seems plausible that they subsequently
adapted further to specific qualities cf the stream inherent in its
geogravhical location'. 1In this case they have in mind the low stream
temperatures and seasonal supply »f deciduous leaves found in temperate
voodland streams,

Ing»1ld,in his review “The morphology and biology c¢f freshwater fungi
evcluding Pnyccmycetes” (1976 in Gareth-Jones),points ~ut that it is c=nly
in the aquatic Hyph-mycetes group that enough information has accumulated
"to allow a tentative picture to be drawn" of world distribution. He
suggests that this is due t~ the ease with which species cf aquatic
Hyph-mycete .can be recognized from their conspicuous and easily identified
spores trapped in foam and scum., He estimates that 40 genera and 80 species

have been described {formally) to date and that these fizures may eventually
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be doubled., He comments "It is almost impossible to get objective information

rn the relative abundance of biomass of fungi in nature but anyone who
studies aquatic Hyphomycetes is soon canvinced that they represent the great
bulk of fungus life in the well-aerated waters cf streams and rivers, if not
~f lakes and ponds". He gives a useful table of the world distribution of
15 well-knwn soecies pointing cut the gaps in the records for S. America
and Australia, He seems confident that these gaps will be filled and the
truly world-wide distribution of aquatic Hyphomyce£es confirmed, B&rlocher

and Kendrick (1974) make an interesting comments they pcint cut that few
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regions have been systematically examined for aquatic Hyphomycetes and
repeat Ainsworth's (1968) contention "that the records almost certainly
reflect thé activities of interested mycolosists and not s» much the true
gengraphical distributicn of the fungi”.

Some of the papers dealing with individual regions and localities
make interesting reading. 1Ingold has produced a large number of papers
dealing with species from all over the world. Muira's 1974 survey cof
Japanese stream sporas gives beautiful and delicate illustrations of 82
different hyaline, thin-walled radiately branched or 3-D elongate spores,
nly 36 qf which belong to known species. Most of the undescribed species
come from sub-tropical and tropical sites, Padgett (1976) describing the
contributi~-n that aquatic hyphomycetes make to decompcsiticn in a tropical
rainforest stream, gives an interesting list of species found in Puerto

Rico. This includes such well known ‘'Worldwide' species as Anguillospora

longissima, Flagellospora curvula and Tricladium splendens as well as the

widely distributed tropical species Triceloohcrus monospcrus. Lunulospora

curvula was a frequently cobserved fungus in this study; this species is also
common in temperate areas but tends to occur in the warmer months of the year

(Iqbal and Webster 1973).

2.3.4,2 Distribution in time: seasonal and successional patterns.

Since the typical and most studied substrate of aquatic Hyphomycetes is
autumn shed leaves, seasonal patterns of abuﬁdance and species diversity
are inevitably tied up with successional patterns due to changes in the
composition and explotation of leaves, Nearly all investigations have been
made in temperate areas where a regular leaf input is coupled with seasonal

chanses in temperature, Autumn brings leaf fall and a drop in temperature
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and the abundance and diversity ~f aquatic Hyph-mycetes found on leaves

and in foam increases encrmously. By summer both the varisty and abundance
have declinéd greatly. The initial pr:scessing of leaves (from whole leaf

to remaining small particles) with which aquatic hyvhomycetes are particularly
assnhciatéd may be almost complete in some species. In nthers a skeleton
framework remains, ~r a brittle tough lamina, much depleted ~f the nutrients
it cantaingd vhen it entered the stream. The hyphomycete flora changes with
these changes in leaf composition.

Aquatic Hyphomycetes seem to fall into three main groups. Thnse
recrrded principally in the colder months -~ 'winter' species; those usually
found Juring the warmer months - 'summer' species; and those found throughout
the year, the 'constant' species. Igbal and Webster {1973b) give clear
spore diagrams (illustrated in Figure 2,11) which show the seasonal

variations in numbers of spores - Tricladium chaetocladium (winter),

Lunulyspora curvula (summer) and Clavariopsis aquatica (more or less constant).

Variations in the numbexr of species and the total numbers of conidia are
illustrated by the same type of diagram. Their data provides a useful
example »f the type of seasonal variation which occurs in all temperate
rivers and streams. Iqbal and Webster ccmment on the difficulty in inter-
preting such variations, borth within the gr>up as a whole and between
individual species. '"ixplanations for peak periods of sporulation must
presumably be sought in terms of substrate availability and the physiology
nf growth and fruiting ~f aguatic hyph-mycetes in relation to such variables
as temnerature, vH and competition. Although there have been some studies
on the ohysiology of aquatic hyphcmycetes....these studies hardly provide

a sufficient basis for explaining the observed differences in spore content

of streams throughout the year™.
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This study of éeasonal and successional patterns can be rather c-nfusing.
Two tables - 2.5 ani 2,6 -~ have been drawn up in an attempt to summarize
useful infcfmation: on the factors which do or may, influence patterns of
occurrencs (2.5); and on deminant, winter, summer and constant species
(2.6 - this table may also be sf use in the ennsideration of spatial
distribution, 2.3.4.1; terrestrial occurrence, 2,3.6.1; and in liscussion
of the field study,s.3).

Table 2.6 lists several napers inwich aquatic Hyphomycetes have been
recoried and studied; most are concerned with rivers and streams in temperate
countries. The geographical arez in which the study or survey was carried
out, and the methods used, are indicated. The species listed are those
found to be particularly common (unless otherwise iniicated)., For some of
these spacies information on their seascnal ~ccurrence is available and thi;
is shown, The revezted recording of a handful »f species is rather striking.
Additional information on successional patterns is included.

Triska's thesis (1970) provides a great deal of information on ‘the
temnoral distribution of agquatic Hyphomycetes, Not nniy d>es he present
a great d=al ~f original data on seasonal and successinnzl patterns but also
includes a review of other penples observations for individual species, with
additional information on preferred substrates and geozravhical records,

He c:nfirms the well known cycle in species and numbers. He also pnhints

out that the "new" leaves which fzll off the trees in spring and
summer produce a flora vhich is substantially different from that on older
leaves examined at the same time, and which goes against the general
seasnnal trend, providing interesting information on succession. Lemonniera

aquatica and Tetrachaetum elegans are =arly colonists of both the autumn shed

and summer shed leaves



Table 2.5

Factors influencing the temporal distribution of aquatic Hyphomycetes and affecting both
abundance and species diversity (in streams and rivers of temperate regions)

ANNUAL CYCLE OF ORGANIC DEBRIS

Availahility of leaf substrate: numerous references, eg. Nilsson (N64).

Introduction of new leaves: eg. certain species particularly associated with the new leaves which

Chemical Composition of leaf: fall in both autumn and early summer (see Table 2,6) Triska (1970)
Suberkropp and Klug (1976).

Physical condition of leaf: complete or skeletonized, or in small pieces, eg. Suberkropp and Klug (1976):

the increase in importance of bacteria as the material becomes fragmented.

RAINFALL
Runoff: introduction of 'terrestrial' spores (see 2.3.6.1) eg. Triska 1970: importance of spring runoff,
Willoughby and Archer 1973: increase in spore load after rain, Koske and Duncan 1974: importance
of increased terrestrial spore production in winter.
Other factors: heavy rain creates turbulence: agitation of water suspending spores already present;
stimulation of spore production by mechanical disturbance. eg. Webster and Towfik (1972)
TEMPERATURE various effects: dominance of aquatic Hyphomycetes over other fungi, at least during the colder months

(see section 2.2.2.2 and 3.3); occurrence of 'tropical' species in summer and 'cold temperate' species

in winter, ‘etc. eg. Conway 1970, Triska 1970, BZrlocher and Kendrick 1974, Suberkropp and Klug 1974
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Triski puts forvard leaf availability, leaf composition, physical
condition of the substrate, temperature and runoff as important factors
influencing the patterns revealed,

For instance, temperature may be an important influence on the

avoezrznce of Tricelophorus monosporus, a species usually associated with

the tropics. In his study it was found as a 'summer' species and he
stresses the 'temperate' or ‘'tropical' records for cach species discussed,
relating them t» winter and summer appearance.

He noted that the decline in tha number of aquatic Hyohomycete species
in soring was accompanied by a rise in the number of more 'amphibious’

species such as Varicosporium elodeae and aero - aquatic species, He

suggests that “spring run»>ff,' when Linesville creek carries its greatest
load of sand and soil, is instrumental in the colonisation of leaf substrates
by terrestrially oriented fungi apd may thus influence the changeover of
fungal spores betwesn soring and summex". Runoff carries both terrestrially
nccurring aquatic Hyphomycetes (Koske and Duncan 1974) ani terrestrial fungi
proper, mainly in the form of spores. Willoughby and Archer (19?3) compare
the spacies retrieved from foam during dry and wet verionds. In the dry
periods, which sccurrsd mainly in May and June, the specra was exclusively
aquatic Hyvohomycate. 1In wet perinds, mainly September and October, the spora
was much more diverse with both an increase in the number of aguatic
Hyphomycete species as well s the presence of versatile hyphomycetes, aero-
aquatic hyphomycetes and geofungi. Some of this increase is no dqubt'due
to runoff, though the new leaf fall may have also influenced the species
found.

Igbal and Webster (1973b) used a quantitative spore sampling method
(filtration) and concentrated on recording reasonably gross seasonal changes

in numbsrs and species., Although Figure 2,11 shows that no spores were



rec rded over part of the summer, parallel leaf collections revealed that
some ware still growing; the spores produced were at tso low a concentration
to show up (see 2.3.6.2). Particularly interesting is the 'complimentary’

sccurrence of Tricladium gracile {(winter) and Lunulospora curvula { Summer)

shown in Figure 2.11. L._curvula is a species particularly associated with
warmer countries and warmer months of the year., However, Igbal and Webster
also suggest its preference for alder leaQes, which decompose rather rapidly,
as a factor in its temporal distribution. The idea that it "is a orimary
colnnizer of leaf material, possibly dependent on soluble materials, cannot

be ruled out". They also suggest that L, curvula and T, gracile "would make

an interesting pair of svecies to compare in terms of nutrition, and
physiology of growth and sporulation”; such studies might throw some light
nn such differences in temporal distribution.

Tgbal (1.972) suggests that species such as A, longissima, C. aguatica,

Clavatospora lrongibrachiata and T. marchalianum have a more resular

distribution nver autumn and winter because they can use the simple
carbohydrates available in autumn at the start of leaf decay and can then
switch tn the more resistant substances, such as cellulose, as decomposition
progresses,

Suberkropp and Klug (1976) in their excellent study of the microflora
cf submerged leaves, concentrate on explaining the seasonal changes in
numbers and species of aquatic Hyphomycete in terms of their succession on
oak and hickory leaves,

They put forward various suggestions for the differences that have
been found in such successional patterns, between streams (both inherent
differences and perhaps the methods used), and also between leaf species.

They stress the lack of physiological information which might heip explain
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such patterns. Different species may have different enzymatic capabilities
though they stress that preliminary evidence suggests that the dvminant
species fouﬁd in their study stream are capable of breaking down all the
major ccmponents of hickory leaves, at least. Thus their enzyme pr:ducing
abilities will not act as a limiting factor in their all-year-round
colonization of leaves; though there may have developed some "division

of labour' beiween species, "Various types of metabulic interactions both
stimulatory and inhibitory between species of fungi and other organisms might
also be involved in shaping the observed successional pattern". 1In other
words understanding and explaining successional and seascnal patterns is
difficult. There are many plausible explanaticns; and whilst the gross
changes may be easy to understand, the behavicur of many individual species
cannot yet be pinned down, Additional information cn the physiolozical and
competitive capabilities of these species may help in this, as well as

elucidating the role these fungi have in processing leaves,

2.3.5 Dispersal of aquatic Hyphomycetes.

The appearance of aquatic Hyphomycetes - as spores or as colonizing
mycelia - at all times of the year in their typical stream habitat, and
their widesoread geojraphical occurrence in streams and rivers, suggest that
they have =fficient means of dispersal in both time and space as well as
being particularly well adapted to such habitats in other ways.

'Passive' non-motile ox:anisms such as most saprophytic fungi always
have to contend with spatial and temporal heterogeniety - patchiness - in
the suitability ~f their immediate enviro-nment. At a particular time in a
particular habitat suitable substrates and conditions will not be uniformly
available, Similarly in a particular location suitable EOnditions will not

continue ad infinitum.
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For instance, by the end of summer the leaf material of the previous
autumn has been substantially prcocessed and numbers of aquatic Hyph:mycetes
are rather iow. Yet when autumn comes and the leaf supply is renevwed orofuse
growth and s»>rulation occur very rapidly. To do this the potential inoculum
of aguatic Hyphomycates must have been maintained over the “leaf gap". Also
aguatic Hyphomycetes are sometimes found in tempcrary pools which dry up for
part of the year {eg. Bdrlochar st al 1978). They must have some means of
surviving until conditions are again favourable,

There is also a particular problem of living in running water, commented
on by Birlocher and Kendrick (1974) "...the peculiar spcre furms of the aquatic
Hyphomycetes secem to confer selective advantages by their superior
adaptation for attachment t» sclid substrates. The same feature might also
promote Jispersal upstream (one of the problems faced by all stream dwellers -
Hynes 1970) when the spores become attached to animals moving in that |
direction.”

The occurrence of aquatic Hyphomycetes in a variety of habitats, on.
various substrates,and in different forms stresses tﬁeir versatility and may
help preserve their dominance in their typical stream enviromment by aiding
spatial and temporal.dispersal.

Reasons and strategies for dispersal are set out in Table 2.7. Some
of these-zlternative forms, substrates and habitats - have been discussed
above, as has the survival of ungerminated spores in foam and suspended
in water. The particular efficiency with which tetraradiate branched and
sigmoid =ttach themselves to substrates, the problem of 'initial anchorasze’,
has already been touched on,

Thakur (1977) in a brief but interesting paper, rsports the survival

of the mycelia cf aquatic Hyphomycetes in dried-out leaves. Submerged
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leaves were tested for aquatic Hyphomycetes (and the species found recorded)
then dried out and kept for 2 to several months, The leaves were then
re-submerzed, where they proceeded to sporulate. "The ability of aquatic
Hyphomycates t» survive in leaf substrates under dry conditions might explain
their recurrence in very isolated seasonal freshwater ponds and streams",
Nilsson provides a comprehensive survey of his own and other peoples
observations on dispersal and distribution; the stress is on dispersal in
snace, Tubaki and Niléson demonstiratad transport of spores in misty spray
orsduced by waterfalls., Slides coated with agar up to 30 metres from the
water showed trapoed spores after only a few hhurs. However, Nilsson thinks
transport by wind and animcls, on dried out leaves and other substrates
must be common and more important. He zlso reportis on a rather unusual
form of animal transport: the dispersal of V. elcdeae, terrestrial fungi and

'snow' fungl from snow patch tc snow patch by Lapland reindeers.

2.3.6 Speeial t-pics in aquatic Hyphomycete ecology.
2,3.6.1. The terrestrial occurrence of aquatic Hyphemycetes

The terrestrial habitat may influence an adjacent aquatic habitat in
several ways, Rain may wash in soil and dissclved salts; leaves from
bordering trees and plants may be washed, blown or dropped int> the water,
The terrestrial habitat harbours many saprophytic fungi, espscially in scil
and leaf litter. These may be washed in as spores or hyphal fragments §r
Be introduced as colonists on plant material. The importance of terrestrial
or geofungi as pntential and actual decomposers.when introduced into aquatic
systems;as well as the occurrence and activity of 'aquatic' fungi in
terrestrial habitats are interesting areas of study receiving increasing
attention. "It is bec:iming increasing clear (Bandcni 1972) that many

of the fungi generally regarded as aquatic Hyph-mycctes alss cilonize damp
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leaves above normal water level and conidia from these leaves may be caught-up
in fcam when a stream is in spate. Conversely it is also bec.ming apparent
that a number of fungi nofmally terrestrisl can at times grow and sp.rulate

in a parfectly n>rmal mann2r below water". (Ingold 1974),

squatic Hyphomycetes are not rare on land though their role in terrestrial
habitats is imp=srfectly understood. ~Since Ingold drew attention to the
presence in streams of Hyohomycetes with characteristically complex conidial
morphologies, aquatic habitats have bzen fruitful s.urces for such fungi so
much so that there has been a tendency to refer to such species as 'aquatic
Hyph-mycectes', irrespective sometimes of their real site of activity" (Parxk
19?4). Most mycologists interested in aquatic Hyphomycetes have, in fact,
1looked for them, perfectly logically, in their typical habitat,

Bandoni lists the previous handful of terrestrial obssrvations in his
1972 paner “Terrestrial occurrences of some aquatic Hyohomycetes™ and also
reports his own study. He devised a usaful method of observing aquatic
Hyphomycetes on various types of litter and found that several species were
abundant from the terrestrial habitat he studied, a "high well drained area
at some distance from streams or other water boedies",

Pieces of leaf or other plant materizl were placed in petri dishes and
flooded with distilled water. Conidia were lifted into the surface film
vwhich was then scanned. Tetraradiate and sigmoid spores were conspicuous
amongst the many species of terrestrial saprophytes, and were found to be
most c¢-mmon on the leaves from deciduous trees. ﬁone were found on leaves
taken directly from the tree. Most of the species found were those regarded

as versatile or semi-squatic by Nilsson, for example: Articulospora

tetraciudia, Totracladium setigerum, Varicosporum elodeae and Gyoefyella

craginiformis.
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Laboratory studies on these terrestrial isolates were carried out
by Bandoni ;nd in 1974 by Koske and Duncan. Some of their observations
on sporulation and temper=ture have alresady been discussed,zs have similar
carried out by Singh and Musa {1977).

In 1574 Park published an interssting experimental and discussion paper

HA

Aquatic Hyphomycetes in non-aquatic habitats" along with another paper

leaves lying on s«il in a well drained shrubbery in Chlorine Gariehs, Belfast.”
He used two methods of 'searching' for the fungi: Bandoni's flooding method,
and burying glass slides in beakers full of soil. The leaves revealed a

number of known species, and T. terrestre. The glass slides bors interesting

sprres with characteristic m.rphology, but which could not be isolated. In
his discussion Park presents a list of previous 'sitings' giving the species.

and substrates involved. This includes the c¢lassic record of T, setigerum

from leaf litter by Scourfield {1940), and the interesting occurrence of

V. elodeas on root surfaces (Waid 1y54). Park points out that the list "is
unlikely to be comprehensive, but is sufficiently extensive to suggest that

a consideration of a possible role for such fungi in sites of mors or kss
normal moisture regime may be of interest. The rossibility of an active role
hovwever, is related to more than Jjust occurrence, or presence of the species at
a site, and the records should be examined with this in mind.." He then gives
a succinct, lucid account of the difference between the presenée and the
activity of a fungus, and the interpretations that can be put on observations
from various incubation regimes. Rapid induction of sporulation on incubated
material suggest that the fungus was already present as hyphae rather than as

inactive spore;whilst sporulation "in situ'; noted by direct observation of

material taken straight from the field,is an even better indication. Thus the



observation of conidia in water films from the submergence of fresh material
straight from the ground "is the strongest evidence that sporulation osccurred
at the soil-Surface in the natural litter". And he cancludes that several
of the rec-rds thus includes observations that indicate activity rather than
"mere presence or occurrence". Obviously much more work needs to be done
before the contribution of aduatic Hyphomycetes to the decomposition can
be assessgd. This information would also throw some light on the possible
contribution to stream sporas of those aquatic Hyphomycetes washed in from
the surrounding watershed. Koske and Duncan think it possible that such a
centribution adds to the seasonal abundance of such spores; the terrestrial
pattern of occurrence being very similar to that in water,with most spores
found in the ccldexr months,

Gareth-Jones in his c~ncluding chapter "“Further topics «of interest"
in "Advances in the ecology of aquatic fungi" {1976) summarizes and discussés
this field of study and c¢ites it as an area for further wcrk. Since then
several papers have touched cn this subject:

Dyko (1976) in a short concise paper reports a éreliminary study cn thé
aquatic Hyphomycetes to be found on “partially degraded leaves [which]
were selected from woodlots and adjacent streams if available". He confirmed
Bandioni's findings that the most productive terrestrial sites were those
"which have moderately heavy litter with partially dec:mposed leaves"., Most
of the fungi were far mhre frequent from the stream than in.the litter —apart

from V. elodeaec and T. setigerum. No assessment was made of activity.

In the above reported studies the workers made a p~int of collecting
leaves and other materials from well drained sites. Webster (1977) reports
on a year long sampling programme for terrestrially occurring hyphomycetes

on an oak wooded slope descending t> the River Teign (Devon). In this study
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Table 2.8

Aquatic Hyphomycetes recorded from terrestrial habitats up to 1977 (Webster).

Includes all species to be found in Ingold's "Guide" (1975a).

Alatospora acuminata *
0 Anguillospora longissima *
4] Articulospora tetracladia +
Camposporium pellucidum +
0 Camposporium species -
Campylospora species -
Casaresia sphagnorum *
Centrospora acerina +
0 Clavariopsis aquatica *
0 Clavatospora stellata ¥
0 Dendrospora erecta *
0 Dendrospora species -
Flabellospora species -
0 Flagellospora curvula *
Flagellospora specles -
Gyoerffyella craginiformis +
Ingoldiella hamata +
0 Isthmotricladia species -
Lunulospora curvula *
Lunulospora species -
0 Lemmoniera aquatica *
Lemmoniera terrestris , +
Margaritospora aquatica +
0 Pleuropedium tricladiodes +

0 Tetrachaetum elegans - %



Table 2.8 (continued)

0 Tetracladium marchalianum : *
Tetracladium maxilliforme +
Tetracladium setigerum _ +

0 Tetraploa aristata +
Tricellula aquatica *
Tricellula species -
Tricelophorous monosporus *

0 Tricladium chaetocladium
Tricladium graciile *

0] Tricladium splendens *
Tricladium terrestre +
Tripospermum myrti +

Triposporium elegans

o} Triposporim species =
Trisulcosporum acerinum +
Varicosporium elodeae +
Varicosporium species -
Volucrispora aurantiaca +
Volucrispora graminea +

Perfect Nectria lugdunensis (H. lugdunensis) +
stages Mollisia species (A. crassa)

0 recorded by Webster (1977) - not necessarily exclusivély
+ associated mainly with terrestrial habitats or regarded
as versatile

* associated mainly with aquatic habitats

~4

[ S
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9 sampling points were pegged out at various levels above the river,starting
at the bank (0 metres) and working up t> 35 metres. Every month cak leaves
were collected from each peg, flooded with distilled water and incubaﬁed

far a short veriod., The meniscus, leaf margins znd bottom of the petri
dishes were scanned for spores and sporophores, Webster made a point of
racording'’ those recognizable spores-.vhich had previously been reported from
aquatic habitats. Certain trends were apparent:; more spores were observed
on leaves that had been on the ground for several months; the number «f
records very close to the river were greater (possibly due to flooding); the
frequency of conidia atpached to conidiophores was very low and found only
within 20m of the river. Thosé found nearer the river could have been thrown
up from the water or deposited in'f1ood, whilst those at thz higher levals
have an unkncwn origin. Webster points out that the number »f counidia £ound
in the surface film produced from leaves at these higher sites was very low
"...this contrasts with the large number of spnres which axre found, after

incubation in water,on leaves removed from streams".

2.3.6.2 Aquatic Hyoh-mycete Sporas

The spores of aquatic hyphomycetes are conspicuous, elegant and
distinctive., Because »f the constancy of their peculiar morphology many can
be idéntified to species, and very few cannot immediately be placead in the
appropriate szenus. ~They are also easily retrieved from streams, lakes and
rivers in the foam and scum which collects .against barriers such as twigs
for examplesor against the bank. "Thus spores found in scum samples are t-
mycolozists what plankonicalgae gathered in the plankfon net are to
algologists, We can study the hyaline, thin-walled radiately branched fungus

spores in scum samples directly under the micréscope without applying any
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mycological techniques to the sample" (Muira 1974).

Spores can also be travped, for instance by placing glass slides in
streams (mimicking a leaf or twig); or can be collected on a special filter
as stream water is drawn thrzugh it.

Thus ease »f cecllecticn and identification has made these spores a useful
tool in the comnilatin of species lists ;nd in the study of aquatic
Hyphomycéte ecology. However sooras may be rather mislealing, For instance
the spora ravealed by a foam sample may not be the same as that produced
by filtering at the same site. Sporas compiled by the use of any method may
not accurately reflect the aquatic Hyphomycete flora at that site. Qualitative
and quantitative discrepancies exist between different *types' of spora and
between sporas and floras. These discrepancies are partly dus to the methods
used and partly to actual differences hetween the abundance and variety of
inactive spores and active, growing hyphomycetes., Thus the effects of
turbulence, and the impact of aquatic Hyphomycete ccnidia from the land in
runoff may affect the spora without substantially altering the flora..

Collection, fixation, staining and microscopical examination of fcam,
scum and film is an easy and rapid procadure and gives useful qualititative
information cn the species to be found, if not just at that site, at least in
the 'catchment' arsa., Ingold has used such collections to good ecological
and artistic effect. His illustration of 2 spora compiled from a single
foam sample is given as Figure 2,12, Nilsson reported that "in some large
streams or stream systems, 75% of the Swedish species may be represented in
one sample of foam" (N64): ﬁilloughby and Archer (1973) made extensive use of
spore c¢ollecticns in a long term study of fungi in a lakeland stream; they took
terrestrial contributions to the spora into account making an interesting

comparison between the mainly aquatic Hyph-mycete spora found during dry
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Spora of Redlake River based on single foam sample. 1, Flagellospora curvula;

2, Centrosgpora acerina; 3, Dactylella aquatica; 4, Margaritispora aquatica =
Ingold; 5, Anguillospora crassa; 6, A, longissima; 7, Articulospora tetracladia -
Ingold; 8, Tricladium sp,; 9, Flabellospora sp.l; 10, Tetrachaetum elegans =~
Ingold; 11, Heliscus lugdunensis; 12, Actinospora megalospora; 13, Alatospora
acuminata; l4, Lemonniera aquatica; 15, L. terrestris; 1%, Varicosporium elodeae-
Kegel; 17, Voluscrispora graminea; 13, Clavatospora stelliata;15, C.longibrachiate
(Ingold) Nilsson: 20, Tricladium splendens; 21, T, argulatum; 22, T. patulum
Marvanova & Marvan; 23, Clavariopsis aquatica; 24, Dendrospora erecta - Ingold;
25, Tetracladium marchalianum; 26, T. stegerum; 27, Lemonniera cornuta =- Ranzoni;
28, rhizopod? Contents shown only in 28.
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weather and the more diverse spora of aquatic, aero-aqua#ic and terrestrial
funzi found during wet weather,

Birlocher et al (1977) immersed glass sliies,coated with a thin layer
of rosin, in a stream; retrievad them after a few days, stainad them and
scanned th=m under a microsc~ope., Conidia of aquatic Hyph-mycetes were found
athering to the film; some had started to germinate. Comparison of the species
trapped with th:se retrieved by filtration gave zood agreement and Birlocher
suzgests thﬁt such slides may orovide "a simple and fast evaluation of the
mycoflora of streams".

Linsey and Glover (1975) used two types of impactién trap to intercept
spores of aquatic Hyphomycete. The trapping surface was either flat (a
suoported sheet of cellophane) or curved (cellophane film wrapped round a
metal rod. These traps were inspired by Webster's trapping experiments (1959)
and simulatad leaves, stems and small twigs . The flat traps causght more
svores than the curved(contrary. to theorestical considerations), probably
duc to the sweeding away of spores by passing leaves. They found that the

small snore of Alatosoora acuminata was trapped more efficiently on the flat

surface whilst the much larger Tetrachaetum elefans spore was trapped more

efficiently on the rod. Lindsey and Glover compared numbers »f spores and
svecies retrieved by foam sampling with those trapped on cellovhanes quite
large differences emerged —of 29 species recordsd 27 were fHund in foam whilst
“anly 17 were found on traps (in spite of larger number of spores analysed

from trap samoles). They noted Webster's findings that tetraradiate spores
impact more than filiform and concluded that this would lead to the impaction
samples being biased with respect to the total spora., They also notad the
selectivity of foam (Igbal =nd Webster 1973a), tetraradiate spores being more
readily remcved from suspension thahn other smore shapes. Ccmoarison of these

selective orocesses suggested that foam would bs the m-re selective of the twos
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Their resulis suooorted this with the t~tal frequency of filiform sp-res in
fram being 8.1% whilst the fraquency on traps was 30.2%. They sugested that
"“the imnaction picture of a stream spora has, possibly, a greater ecolingical
significance than a f-ham spora, since ¥Webster (1959) has shown that the
tetraradiate and filiform spore-types are essentially adaotations for efficient
impaction".

Igbal and Webster (1973a) contributed greatly to the uﬂderstanding and
use of snoras in the study of aquatic Hyoh-mycetes by interesting laboratory
eyneriments on the tranning of svores dby ' air bubbles. Also by a
rovealing c-moarison between the qualitative and quantitative composition
of snore samnles from foam and by filtering. These exneriments and
observations nreceded their imnortant field study of the seas-nal variations
within and between the snoras of two contrasting river systems. In the
filtration of water to retrieve the suspended spores a known quantity »f water
vas drawn throusgh millivore filters of o-re size B.QPm. These filters were
then stained and rendered semi-transparent so that the spores showed clezrly
when the entire disc was scanned under a micrnscnoe, The spore numbers and
species composition that Igqbal and Wébster revealed by fram and filter
samoles are set onut in Table 2.9, The compirison between the qualitative foam
sample and the quantifative filter samole shows that a larger oroportion of

filiform snores such as F. curvula and L. curvula were trapped by the filter;

a larger orovortion of common tetraradiate forms siuch as T. marchalianum and

A. tetraradiate being cauzht in the foam. In the light of these results,
Igbal and Webster decided.to examine the efficiency with which bubbles rising
through svore susoensions removed spores off different morphology.

Bubbles of kn»wn size were passed through single spore susvensicns, and

. . of
through mixed soore suspensions, to assess the rate removal of spores and



Table 2.9

Numbers and percentages of spores of aquatic
hyphemycete in a 10 ml filtered foam sample

and a 1000 ml filtered river water sample from

the River Exe,4 September 1970

Species
Anguillospora longissima
Articulospora tetracladia
Clavariopsis aquatica
Clavatospora longibrachiata
Flagellospora curvula
Heliscus ludunensis
Lunulospora curvula
Tetrachaetum elegans
Tetraciadium marchalianum
Tricladium splendens

Volucrispora graminea

Nos.,

foam

%
5.8

17.6

river water

Nos.

75

10

30

90

120

10

640

40

10

%
7.2
0.9
2.9

8.7

11.6

1.0
61.8
0.5
3.9
0.5

1.0

I1:
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compare the effectiveness of removal of the different types of spore shape.
Trapoing efficiencias were calculated for each of the ZO-Spore types tested:
thess included tstraradiate, brinched, curved (2-D znd 3-D), straight and
round snore shaves. C(omparing single spore susnensions they found that

"Apart from A, crassa and C, acerina the most efficiently tranoed spore

anorars to be the tetraradiate”
Interesting exneriments were done on V. elodeae snores with different
numbers of ‘arms. Traoning efficiency increased with the number of arms,

Also A. tetracladia f. angulata was found to be less efficiently traoped

than f. tetracladia; whilst the aerial sp-res nof H. lugdunensis were less

efficiently trapned tham the clove-shaped aquasnores.

In mixed suspensions they compared the efficiency of removal of certein
tetraradiatz forms when paired with other briunched filiform and 'ccnventional'
svores. (see Figure 2.13). The results were "broadly in line with expectation”;
that is, the tetraradiate spores were mora sfficiently removed; however

C. acerina and A, crassa, were ag+iin almost as efficiently removed. The bias

in ths relative numbers of soecies in fcam is thus exnlained, Observations
on bubbles tripped under cover slios showed that the tetraradiate soores
were arrayed with 3 of their arms tangential to the bubble and one arm
pointing unwards; whilst sigmoid soores "seem to be able to adapt their
curvature to the bubbie surface so that the body of the spore is tangential
to the bubble surface". They suggest that this explains why bubbles “catcb”
(and hold onto) spores rather thun slipping round them. Bubbles reaching
the surface break and fling ‘enclosed’ spores upwards. Thus a slide held
above a bubbling spore suspension will catch the upflung svnores, perhavs
for observation or isolation,

The development of the filter method, and the direct observaticn of
stained filter discs, thus provides a more accurate and revealing method of

samnling aquatic Hyphomycete sporas which is still easily and rapidly carried
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sut, Filter samples are used to great effect in Iqbal and Webster's study
of river snoras (1u73b) and the excellent resultant line diagrams can be seen
in Figure 2,11,

Qualitative foam and imnacticn methods are still of great use in
providing rapid surveys; at least now their limitations are known.

The snora of a stream, river or lake, as mentioned above, :does not
necessarily accurately reflect the aquatic Hyphcmycete flora to be found
growing on leaf and other vegetable material in the vieinity. Imported
spores may be swept downstream or washed in from terrestrial litter; whilst
sporulation may be inhibited or enhanced by a number ot physical and chemical
factors which do not affect vegetative growth to the same extent, A number
of such factors, and the effects they produce, are outlined in Table 2,10,
Most of these =ffects have already been discussed,

Igbil (1972) noted various discrepancies between the snecies apoearing
on submerged leaves and in the river water, as revealed by filtration, For
instance, between Aoril and June a number of svecies found growing on leaves
were not detected nn the filters. This could be due to the method -~ filtering
probably only shows up spores at certain concentration - but nrobably also
reflects a very 1-w soorulation rate. Also, Igbal found V., elodeae on leaves
from the River lixe but did not record its spores fr-m the river water. At
the same time in another river, the sponres could be found. 1Igbal concluded
that this was a nH effect.

The imp-rtance of ‘'imported'’ spores obviously diminishes in a small
stream with no tributaries, though runoff from the land will still occur.
Alsc in a larze river system the 'total' spora will more accurately reflect

the 'total' flora, at least qualitatively,



Table 2,10

* o . 3
Factors which lead to qualititative and quantitative discrepancies between

aquatic

At a single site

+ Turbulence:

*pH:

*Time of year:

*Introduction
of spores from
tributary:

*Runoff from
water shed:

Hyphomycete spcra and flora.

due to physical obstructions;
rapid water flow due to
heavy rain

may prevent or inhibit
sporulation but not growth

little spore production in
summer but growth continues

increase both the number and

variety of spores found

iantroduces spores o>f terrestrial
origin

Between similar sites on the same stream

+ Number of obstructions in the vicinity

*+ Upstream/downstream of tributary

*+ Amount of runoff from wooded/non-wooded bank

*qualitative: leaf species involved

Differences in leaf input

+quantitative: number of leaves introduced

stimulates
sporulation

%+ Chemical factors, eg. upstream/downstream of sewage input

Where no flora occurs

eg., certain lakes, estuaries

+% contribution from inflowing streams and rivers.

ster eud Towfik

Iqbal 1972
eg. Iqbal and Webster
1973b

eg. Nilsson Nb64

eg. Koske and Duncan
1974

Dyko 1976

L1I

+% runarf frmn 1anAd
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Dyko in his 1976 paper "Aquatic Hyphomycstes found in 5 sites in Story
County, Iowa' suggests that the difference in the number of spores observed
at ths varicus sites was pr-bably due tc the number of ~bstructions present
in the stream at each site,

To conclude: foam and scum samples allow rapid surveys of the aquatic
Hyph~mycete spora, whilst filtration oprovides a useful quantitative assessment,
useful for comparisons in time and (with cautisn) in soace., Neither can
safely be used to predict the compositinn of the aquatic Hyphomycete flora
in the immediat= vicinity.

And as a final comment: Padgett (1976), in an interesting study of
fungel decomoosition in a stream in Puert-> Rica, makes the following statement:
“"Since it was suspected that fungi actively engiged in the decomposition »f
these {leaf) discs were species of freshwater hyphomycetes, it was hyoothesized
that spore production might serve as an indication of mycelial grswth, which
in turn, could be cnrrelated with leaf disc weight loss, Accordingly corrmlation
~-regression comparison of t-tal spores nrnduced at sach harvest and
corresnonding increm~nts in weight change should have resultad in high
correlation coefficients., However the actual computed ch rrelation coefficients
were low", And they concludes "It is imnortant t» point out that low
statistical corrrlation of s»orss to weight loss does not sreclude the
significance of freshwater Hyphomycetes in decomposition,but marely illustrates

that svore production is not an adequate index ~f mycelial growth",
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3. THE ROLE OF AQUATIC HYPHOMYCETES IN DECOMPOSITION

3.1 Introduction

Chapter 2 deals mainly with the biology and autecology of aquatic
Hyphomycetes. In this chapter their role as decomposers of plant
material is ﬁighlighted, as is their importance as intermediates in
further decomposition by invertebrate'detritivores.

Decomposition is a fascinating, vital and universal process,
one of the main cogs in the functioning of eccsystems. The first section
of this chapter describes the process and progress of decomposition; the
importance of decomposition in aquatic systems - especially the importance
of allocthonous or 'iﬁported' material to so-called 'heterotrophic'
streams; and the way in which autumn-shed leaves - the major part of this
allocthonous input — decompose and are processed in streams.

The second section reviews two interesting papers which examine
the fungal and bacterial flora of leaves, principally aquatic Hyphomycetes.
The successional activities of the leaf microflora are related to leaf
decomposition and processing. Both papers stress the difficulty of
studying the ecology of micro-organisms and employ well-thought-out
comparative methods to get as good a picture of what numbers and species
of fungi and bacteria are active in leaf decay.

The last section deals with the contribution that leaf colonizing
micro-organisms make to the value of such leaf material as food to stream
invertebrates. Autumn-shed leaves are an important input to streamsg
aquatic Hyphomycetes are dominant colonizers and decomposers of such
material; whilst inveftebrate detritivores are known to be important
in the physical and chemical breakdown of ﬁlant detritus in streams.
Inevitably workers began to investigate whether these two groups of

decomposers interact in the more efficient breakdown of the terrestrial
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leaves so important to the energy and materials budgets of the streams
in which both groups of organisms thrive.

In drawing together the threads of so many different studies
numerous generalisations have been made and borrowed. Reviews and
major studies in the afeas considered usually contain long lists of
important background and historical references. To retain clarity
these references have largely been omitted from this account,
Interesting and important reviews are referred to and these contain

adequate biblicgraphies.
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3.2 Decomposition in Aquatic Ecosystems

3.2.1 What is decomposition?

Mason (1977) gives an excellent account of decomposition in the
recent Institute of Biology study of the same name. This includes
a discussion on litter production and coméosition, outlines the process
of decomposition including the roles of the microflora and fauna, and
gives an indication of the contribution that decomposition makes to
the energy flow and nutrient cycles involved in the functioning of
ecosystems. The stress is on terrestrial systems - more work has
been done on these - but some pertinent information on freshwater
habitats is also included.

The Oxford English Dictionary defines 'to decompose' as: '"to
separate or resolve into its constituent parts or elements". Mason
provides an excellent biological definition of the decomposition.of a
dead plant or animal: '"Dead organisms are broken down into large
particles, then ipto small particles and eventually into small mole-
cules. The dead organism is thus gradually disintegrated until its
structure can no longer be recognised and complex organic molecules
are broken down into carbon dioxide, water and mineral components".

Decomposition involves both physical and biological agents.
Decomposing organisms release, use and respire the energy contained
in dead material. They also aid the physical processes of weatheripg
and leaching, in breaking down and releasing nutrients so that these
may be used again b; growing plants. Thus decomposition is an
important valve in the two basic flows in ecosystems: the one-way
flow of energy and the cyclical flow of nutrients (see Figure 3.1).

Litter, or detritus are collective naﬁes given to organic matter
in the process of decomposition, often found in "drifts" in both
terrestrial and aquatic habitats. Darnell (1967) defines detritus as

"all types of biogenic material in various stages of decomposition
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which represent potential energy sources for consumer species'; that
is, all sorts of dead and discarded plant and animal remains. The
leaves, roots, twigs, flowers bud scales and fruits of deciduous trees,
for instance, form very noticable accumulations of plant material can

be found near the banks of some rivers, lakes and streams. Fine,
unrecognisable, broken down detrital material forms an important
componen? of terrestrial soils and aquatic muds and silts. The bodies,
faeces and various exuviae of animals form an important but smaller
contribution to such litter and detritus.

Such remains contain diverse inorganic and organic molecules which
in 1life contributed to the function and structure of the organisms.

Some of these constithnts such as sugars, amino acids and soluble salts
of potassium and sodium are rapidly released as autolysis, leaching
initial weathering and rapid colonization by micro-organisms occurs.
Most litter is composed of plant material. Structural components such
as cellulose, hemi-cellulose and lignins not only form the bulk of this
material but are broken down rather slowly. Lignin is a particularly
uninviting and intractable substance to most decomposing organisms.

Mason divides decomposition into three basic processes: leaching,
weathering and biological action. These processes occur concurrently,
in both aquatic and terrestrial decomposition.

Leaching, by rain in leaf litter or by water flow in streams leads
to a rapid loss of soluble substances which may then flocculate to fo;m
fine particles, or may be absorbed by aquatic Hyphomycetes, for instance
(see Figure 3.4 and 3.5). Leaching also occurs as micro—organisms,
animals and abrasion disrupt the material. Weatheriﬁg is mechanical
breakdown due to physical agents such as wind or waves. Further
mechanical breakdown can occur as animals move through, sort, eat and

defacate material. A simple summary of these processes and the agents
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involved is set out in Figure 3.2

A variety of organisms consume and breakdown detritus. Fungi
and bacteria are particularly important. The actual species found and
the balance between the fungal and bacterial contribution may vary from
habitat to habitat. For instance, under anaerobic conditions bacteria
are the main agents of decomposition. Different types of plant and
animal material may have a different spectrum of fungal and bacterial
species and the species may change with the progress of decomposition.
Taken as a group such saprophytic micro—organisms are ubiquitous.
They may exploit dead material in three main ways: '"They may directly
decompose the substrate using the energy obtained for growth. They
may parasitize other organisms, or utilize their waste products, or
they may use the substrate merely as an attachment site, while obtaining
their nutritional requiréments from the surroundings". (Mason 1977).

Fungi are particularly important in the initial stages of
decomposition. Harley (1971) in his fascinating paper "Fungi in
Ecosystems" gives a succinct summary of the particular features of fungi
which make them effective as primary invaders of dead material.
"Although fungi, like other heterotrophs, present to their substrate a
very large surface, compared with their volume, their hyphal structure
endows them with the additional property of spreading and penetrating...
The combination of hyphal structure with the production of external
enzymes allows them to penetrate deep into the matrix on which they
develop. This is especially important in the exploitation of plant
material where the cell contents, which may contain certain essential
nutrients, are enclosed in resistant walls. It is because of their
possession of hyphae that fungi are especially important in the break-
down of leaf litter, of wood and as plant pathogens. By contrast

bacteria tend to be restricted to surfaces and to be more important

I
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where material has been mechanically disrupted and its available
surface increased". The action of fungi and animals thus increase
the suitability of material to bacteria.

All biological moiecules, both simple and complex can be
exploited by at least some species of fungi. Most species can use
simple compounds such as sugars as an energy source though the rapid
exploitation of such compounds in the field is usually due to the
presence of certain vigorous, often ephemeral species known collectively
as "sugar fungi'". These "rapidly exploit transient substances"
(Harley 1971). More refractory substances such as cellulose and lignin
are characteristically utilized by potentially much longer lived fungi
in the ascomycetes, basidiomycetes and fungi imperfecti.

Aquatic Hyphomycetes appear to be particularly versatile,
Physiological studies (see 2.2) have shown that they are capable of
using a wide variety of simple carbon compounds as energy sources.

The suggestion 1s that most can also breakdown cellulose. On land
competition from fungi such as the 'sugar fungi' restricts the usually.
slower growing celiulose decomposers to their specialist substrate.
However in a stream after leaf fall the cold temperature inhibits the
growth of such fungi whilst the aquatic Hyphomycetes with their lower
temperature optima for growth and sporulation, rapidly colonize the

leaves and dominate the mycoflora.

The suitability of a substrate for colonization by particular
species or groups of organisms will change with the continuous change .in
its physical and chemical state. Thus exploitation by bacteria increases

as the substrate is fragmented, and colonization of leaf material by
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cellulytic fungi increases as the more easily utilized carbon sources

are depleted. Successions of this kind in the fungi colonizing
terresterial leaf material are well documented by Hudson in his

interesting paper "The ecology of fungi plant remains abéve the soil"(1963)-

Successional pétterns are largely influenced by the chemical and
physical qondition of the substrate but may also be affected by environ-
mental conditions.

Thus cold stream temperatures effectively cut out the first stage
of succession observed on land in the autumn-shed leaves mentioned above.
Less is known about successional patterns in aquatic systems than on land.
Interesting observations by Barlocher and Kendrick (1974) and Suberkropﬁ
and Klug (1976) are discussed in 3.3

Mason states that "in terms of weight loss of material, the micro-
flora are probably responsible for about 907 of decomposition in both
terrestrial and aquatic habitats".

This is a combination of 'primary' decomposition before the material
is consumed by detritivores, and subsequent colonization and breakdown of
material eaten but not assimilated by these animals, Aquatic Hyphomy-
cetes are particularly important in this first stage before the material
enters the microflora/fauna/microflora cycle illustrated in Figure 3.2.

The fauna play an essential part in decomposition, however.
Experiments have been carried out in both aquatic and terrestrial habitats,
where detritivores are excluded from decomposing plant material By the
use of fine mesh. The material does eventually decay but it takes much
longer to do so, remaining recognizable for much of this time. Thus
turnover of trapped nutrients and exploitation of energy is delayed, In a
forest litter layer the fauna help in the physical breakdown and incorp-

oration of the leaf material into the humus and soil layers; a similar
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process occurs in aquatic systems.

A great range of animals is involved in the breakdown of plant
and animal detritus. Larger animals such as scavenging gulls and
detritus eating fish contribute. But more important are the micro
and macro invertebrates which live amongst and feed on this material.
Some, such aé protozoans and nematodes, are ubiquitous whilst others
are characteristic of land, freshwater or the sea. "In freshwater
habitats, tubificid worms, chironomid (diptera) larvae , isopods and
amphipods are important", (Mason 1977) As in colonization by migro-
organisms, the type of material involved as well as the stage of
chemical and physical breakdown it has reached will affect the species
found "successions of.fauna have been observed caused by changes in
climate, the suitability of food and colonizing ability" (Mason 1977).
Although detritivores "are often considered to be unspecialised feeders...
subtle differences in diet can be detected. Thus age of the litter,
the species of litter and its spatial position will affect its palatability".
Thus in an investigation into decomposition of autumn-shed leaves in
streams Kaushik and Hynes (1971) showed that a small number of inverte-
brate species had a particular ordgr of preference for different species
of leaf - rapidly decomposing leaves being preferred to those which
decomposed more slowly. (See 3.2.3) They also made a very important
observation on the invertebrates preference for leaves with a colonizing
microflora, 'as opposed to those without. The importance of the micro-
flora to the invertebrates is indicated by the following ébservation from
Berrie's 1976 review paper " Detritus, micro-organisms and animals in
freshwater':

"Detritus is a major source of food for micro—organisms and
animals in fresh water ecosystems. It appears to be a low quality food

for animals. They pass it rapidly through their guts and are only able



129

to assimilate a small proportion of the material ingested. There is
evidence that they utilize the micro-organisms attatched to the
detritus rather than the detritus itself and these are a high quality
food. The micro-organisms are also important in making the detritus
attractive to animals and less refractory to digestion'.

Aquatic Hyphomycetes have their own part to play in this
"conditioning' of plant material for invertebrates in streams (see 3.4).

Invertebrates 'specialize' in the way they consume detrital
material: most stream invertebrates involved in leaf breakdown in
streams can be described as 'shredders', 'scrapers' or 'collectors'. —

==
(see Figure 3.4). Shredders bite chunks out of leaves, or large pieces
of leaves, consuming micro—-organisms along with the leaf. They are
largely responsible for the skeletonization of leaves and are particularly
important in the first stages of leaf processing (see Figure 3.4).
Scrapers scrape away at the surface of leaves, consuming the encrusting
hyphae, bacteria and any algae-as well as leaf material. Collectors
sort through and consume the fine detrital particles which have entered
the second and subsequent stages of processing (see Figure 3.5).

Thus efficient processing of detrital material depends on a
combinagion of physical and chemical processes, especially important €§9
being the combined activities of the microflora (with its invasive
fungal colonization, surface bacterial colonization and wide spectrum
of enzymic ability) ‘and the fauna, which although it cannot contribute

greatly to the chemical breakdown of much detrital material, accelerates

the process of decomposition by fragmentation.
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3.2.2 The importance of allocthonous material in aquatic decomposition.

In aquatic systems such as lakes, ponds, rivers and streams there
are two sources of detrital material: 'autochthonous' or indigenous
material such as dead aquatic plants produced within the habitat;
'allocthonous' or imported material which may be dropped, swept or
washed in frém adjacent terrestrial and aquatic habitats. Streams may
wash large material, such as leaves, as well as small particles into
lakes and rivers. Rain may wash in dissolved organic material and
inorganic salts from the soil,; some of this may flocculate to form
fine particles. Rain and wind may deposit the leaves, flowers and
twigs of terrestrial plants in the water. égé

The relative contributions made by autochthonous and allocthonous
material depend very much on the bank: area ratio. "Allocthcnous litter
is especially important where the edge of the aquatic habitat is large
relative to its surface area, notably in rivers, streams and ponds".

The factors which affect the balance of allocthonous and autochthnous
material in the detrital 'pool' are also important when the relative
contributions of detrital breakdown and primary production by plants to
the energy budget of the ecosystem are considered.

In a small forest stream the bank: area ratio is large and a %
great deal of leaf material is shed into the water. Because the-stream
is shaded by the trees which produce these leaves little light reaches
the water. - This shading, as well as the scouring action of thé stream
means that primary production is very low and often restricted to
diatoms and other algae firmly attached to stones. Even in rivers
where macrophyres thrive studies indicate that the abundant species
of benthic invertebrates prefer detrital material to fresh green plants
(eg. Scorgie 1976). The macrophytes seem to be more important as
sites of attachment and shelter. Thus streams and rivers flowing through
forests have communities almost entirely supported by the input of mater-—

ials from the land and this heterotrophic nutrition is typical of most
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running waters which have not been altered by man (Mason 1977).

3.2.3 Leaf processing in aquatic ecosystems

The importance of allocthonous material to woodland stream
ecosystems, especially the importance of autumn-shed leaves to temperate
streams, has led to many recent studies which examine different aspects
of their decomposition in water.

The course and rate of decomposition in several species of leaf
has been followed and measured in many ways*and related to (amongst other
things) the activity of colonizing fungi and invertebrate detritivores.
Other studies have attempted to assess the contribution to the energy
budget and nutrient pool of streams and rivers by measuring leaf input
and leaf resources (eg. Krumholtz 1972). Other people have tried to co—
ordinate the information from various sources and build up a picture of the
functioning of a stream ecosystem (Cummins 1973 and Figure 3.4).

For example,

Suberkropp et al (1976) have produced an excellent paper '"Changes
in the chemical composition of leaves during processing in a woodiand
stream”, which follows the changes in the concentration of major
molecules, such as cellulose and lignin, in two species of leaf whoe
microflora they also study (1976a). In Petersen and Cummin's paper
"Leaf processing in a woodland stream'" (1974), daily weight losses in -
leaves were monitored as leaching, micro-organisms and invertebrates
contributed to their chemical breakdown and fragmentation (Figure 3.5).

Several papers deal with the microfloras and invertebrates
involved. Studies on fungi have used increase in protein content of
the leaf, microbial respiration, and fungal biomas (length of hyphae

per unit leaf area) as indicators of fungal colonization as decomposition

* Suberkropp et al (1976) give a brief but detailed review in the
introduction to their paper.
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progressed. Whilst loss of leaf area has been used as an indication
of shredder activity,

Since aquatic Hyphomycetes form a dominant flora on autumn-shed
leaves, attention has been focussed on their particular contribution to
leaf breakdown. These fungi are particularly associated with the first
stage of leaf processing. This is the stage of processing most studies
deal with, whilst the leaf is still conveniently recognizable. It occurs
between the initial leaching of the newly submerged leaf and the diss-
appearance of the recognizable leaf as its fragments enter the next stage
of processing. This is illustrated in Figure 3.5, Petersen and Cummin's
processing budget for leaf packs (experimental analogues of natural leaf
accumulations). Here the authors have used data, from their own and
other peoples invegtigations, to build up a picture of the contributions
made to leaf processing by the various agents of decay.

In this budget the micreflora, principally aquatic Hyphomycetes
in a tree bordered stream,contribute in two main ways to this first
stage of processing. 'Conditioning' of the leaf, before it becomes
attractive to and is consumed by invertebrate detritivores, is due
mainly to fungal colonization: initial breakdown of the leaf by fungal
enzymes and conversion to fungal biomass. Durirg joint microbial/
invertebrate processihg the aquatic Hyphomycetes will continue to be
the principal fungal colonizers. Petersen and Cummins calculated the
microbial contribution to joint processing by respiratory measurements
(the leaf is dead and any respiration is due to its microflora). How~
ever, the invertebratés are constantly removing leaf and attached-fungal
material; and this measure of fungal activity may represent a steady
state between increasing fungal biomass and removal by invertebrates.

The actual contribution to this stage of processing by the fungi may

therefore be greater than the budget figures for conditioning
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and joint processing suggest (see Figure 3.5 and section 3.4)

A time scale is also given; this is for hickory, a''species
[which) fails in the middle of the continuum of processing coefficients".
That is, it decomposes neither particularly rapidly, nor particularly
slowly with respect to other leaf species. Variations occur in thé
rate of processing between species, and to a certain extent within

species where leaves may have developed under different growth

conditions (shade leaves and 'sun' leaves, for instance).
Differences may be due to morphology: 1leathery, tough leaves
decompose mﬁre slowly, for instance. Differences in chemical
composition may also affect processing rate: some species have a
higher proportion of lignin than others; whilst the presence and
amount of polyphenols is particularly important, Tannins in oak and
beech leaves, two species which decompose more slowly, are a good
example. Not only do these substances precipitate proteins, making
them less available to consumers; they may also interfere with the
function of digestive enzymes. Fast leaves such as elm, rapidly
become soft and unrecognizable as they are quickly exploited. Slow
leaves such as beech may persist into the second year of processing
as brittle, whole leaves or as skeletons. Intermediate species such
as willow, are not as rapidly exploited as the fast species but are
unlikely to persist as recognizable leaves through the summer after
leaf fall. Streams which receive the leaves of several species of
tree, of differing rates of decay will thus supply a series-of
substrates to their microbial and invertebrate decomposers as the

leaves become acceptable to these organisms. Birlocher and Kendrick

(1976) assume this is a natural rationing process (see 3.4).
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3.3 Two Major studies on the mycoflora of autumn-shed leaves

3.3.1 Introduction

This section examines the approach, methods, results and con-
clusions of two interesting and important papers. Barlocher and
Kendrick in their 1974 study: 'The dynamics of the fungal population
on leaves in a stream" combine long-term field experiments with parallel
laboratory studies to build up a picture of fungal colonization and
succession on leaves before and after they become submerged in streams.

Barlocher and Kendricks'results, comments and conclusions are
taken into account in Suberkropp and Klué's later paper "The fungi and
bacteria associated with leaves during processing in a woodland stream".
This is an excellent study, careful and comprehensive, investigating
the seasonal and successional occurmence of the dominant species of
aquatic Hyphomycetes and comparing their activity with the bacteria and
other fungi revealed by the yarious incubation and cbservation tech-
niques they employ.

These studies not only increases our understanding of the role
of aquatic Hyphomycetes in leaf processing, and the relative importance
of aquatic fungi, tetrestrial fungi and bacteria. They also make a
valuable contribution to the study of fungal ecology. This is
particularly true of Suberkropp and Klugs' paper. In both studies
well thought out comparative methods of revealing the leaf microflora
are skilfully employed. The choice, use and discussion of these
techniques is an important part of both papers: and they are careful
to point out fhe influence of their chosen techniques on the results
gained and conclusions drawn.

Both studies result from an interest in the importance of
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allocthonous organic matter to woodland streams and in the role of
micro-organisms, especially fungi in leaf processing.

"Only a small fraction of the energy represented by the leaf
material can be directly exploited by animals... for access to the
remaining energy the animal community depends on the intervention of
micro-organisms, with their greatly superior ability to degrade such
plant substances as cellulose and lignin which they exploit in increas-
ing their own biomass" (B&K)Y. And from S & K's® introduction: "It has
been conclﬁded that at least during the early stages of leaf processing
in streams fungi are more dominant members of the microflora than
bacteria. One group of fungi, the aquatic Hyphomycetes has been
repeatedly observed on decomposing leaf litter in streams on a world-
wide basis. Ecological studies have suggested a major role for these
fungi in the processing of leaf material".

B & K had already studied the influence of various fungi, includ-
ing aquatic Hyphomycetes, in increasing the palatability and .value of
leaves as food for stream invertebrates (see 3.4). In this study they
wished to find out more about the populations of lcaf decomposing fungi
themselves.

S & K's study is part of a continuing programme 'to examine the
interactions among micro-organisms, organic matter and invertebrates
involved in the processing of leaf litter". This paper, on the occurrence
and activity of the leaf microflora, was accompanied by an equally well-
thought out study on the "Changes in the chemical composition of leaves
during processing in a woodland stream". (Suberkropp et al 1976). This
allowed the authors to relate changes in the microflora with changes in

the condition of the leaf.

* Since these authors will be frequently referred to I have abbreviated
their names to B & K and S & K.,
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3.3.2 Barlocher and Kendrick's study

In their main fieid programme B & K introduced autumn-shed leaves
into a stream,retrieving samples at inter?als to assess the progress of
leaf colonization and decay.

Some of this leaf material was incubation in various ways to allow
the fungal population to be isolated and identified,

In order to measure the overall progress of leaf breakdown, loss

of weight of leaf material was measured. The biomass of fungi coloniaz=

ing the leaf was indicated by measuring hyphal length per unit ares
the activity of invertebrate shredders was followed by measuring logs of
area as the leaves became skeletonized.

This main field programme was augmented by investigations.intq the
microflora of leaves taken straight from the tree and from litter, This
indicated which fungal species the leaves might take with them when they
en;ered the stream.

In a parallel series of laboratory experiments selected fungi, found
to be important in the observed hycoflora of the leaves, were Inoculated

onto sterilized leaf discs so that their activity under a variety

£

Q

conditions could be assessed..

duced and retrieved leaves. Such an undertaking is nét without its
difficulties and coﬂfusions ( see 3.3. & 4.1). In order to identify
the microfungi colonizing leaf material, the material may have kg be
‘incubated to induce sporulation. Incubation may not‘only induce spor-
ulation and growth in the fungi active on the leaf, however, The
spores of fungi present on the surface of the leaf may also germinate,
grow and sporulate. Fungi which have colonized the material but whieh

are inactive because environmental conditions are unfavourable may alse

" be stimulated to vigorous growth and sporulation by laboratory
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incubation conditions.

Barlocher and Kendrick realised that aquatic Hyphomycretes were
likely to be important active members of the mycroflora and they wanted
to make sure that the methods they used would allow these rather slow
growing fungi to show themselves. Preliminary experiments to find
suitable media and incubation conditions were carried out. Isolation
of hyphal fragments from leaves, whilst ensuring that only 'active'
fungi are placed off, they found 'tedious and unsuccessful'. The
common mycélogical procedure of dilution plating (homogenizing the
fungus béaring material and incorporating into the incubation media)
had already been shown to be unsuitable. They therefore decided to
plate small pieces of leaf directly onto a range of media., Malt extract
agar is a widely used medium for fungal growth and isolation. It
supports the growth of aquatic Hyphomycetes in -isolation.

Any other fungi present on the leaf would also grow on such a
medium. The other two media used were plain water agar and leaf agar
(water agar with a very small amount of homogenizéd leaf-added). Such
agars are capable of encouraging quite adequate growth-of aquatic Hyph-
omycetes whilst the growth of 'weed' fungi (not necessarily active on
the leaf but very active on conventional laboratory media) is restrained.
These plates were incubated at room temperature (near the optimum for
many fungi) and at the prevailing stream temperature (much more favourable
to the cold adapted aquatic Hyphomycetes).

Such a range and combination of media is likely to reveal much
more about the active and inactive (but present) mycoflora than the use

of one set of incubation conditions

The main field experiments were planned so that B & K could study

the effects of the following influences on the mycoflora they recorded:
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The influence of the substrate: by the use of three species of leaf,

and the examination of lamina and petiole separately.

The influence of the sampling date: presumably due to a combination of

environmental influences and the condition of the leaf.

The influence of terrestrial fungi: phylloplane fungi are present

(mainly as spores) on leaves from the tree and litter fungi may colonize
fallen leaves, before these drop or fall into the water. B & K
sterilized one set of leaves before immersion, to eliminate these fungi.

The influence of incubation conditions: this has been discussed above

(and see 3.3.3) B & K were particularly interested in the difference
between aquatic Hyphomycete records from the different media,
The following table shows the various combinations of substrate

and incubation conditions used during the two field experiments.



1972

:samples
t- Jan
72 1973

TABLE 3.1

LEAF LEAF PART

Pre-sterilized
not sterilized

Maple
(Lamina:

Stalk:not sterilized

Oak ]
Maple
Ash

Lamina only

S
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MEDIA TEMPERATURE
WATER ONLY
Malt Agar Room
Temperature
Leaf Agar Stream
Water Agar Temperature
0°c 5%
10°c 15°C
: o]
Water Agar 10°C
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TABLE 3.2

TERRESTRIAL FUNGI

(a) Mucorales

1.
2.

Mucor sp. - uncommon

Rhizopus sp. = uncommon

(b) Hyphomycetes

1.

10.
11.

12.
13.
14,
15.
16.

17.

18.
19'

Alternaria - mostly A. alternata (Fr.) Keissl., and some
A. lorgipes (Ell. et Ev.) Mason - very common on senescent
leaves.

Aspergillus - A. clavatus Desmazidres, A. flavus Link, and
A. niger v. Teighem - all fairly common in spring and summer.

Aureobasidium pullulans (De Bary) Arnaud - very common oOn
senescent leaves,

Botryotrichum piluliferum Sacc. et March. — uncommon.

Botrytis cinerea Pers. ex Pers. — fairly common on senescent
leaves.

Centrospora acerina (Hartig) Newhall - very common in summer..

Cladosporium — C. herbarum (Pers.) Link ex S.F. Gray,
C. cladosporioides (Fres.) de Vries, C. macrocarpum Preuss -
very common on senescent leaves.

Curvularia inaequalis (Shear) Boedijn - uncommon.

Cylindrocarpon sp. close to C. orthosporum (Hohnel) Woollenweber -

very common in summer,
Cylindrotrichum oligospermum (Corda) Bon. - rare.

Epicoccum purpurascens Ehrenb. ex Schlecht. (syn. E. nigrum
Link) ~ fairly common on senescent leaves.

Fusarium, special species — fairly common throughout the year.
Geotrichum sp. — uncommon.

Helicodendron tubulosum (Reiss) Linder - uncommon.
Helicosporium sp. = uncommon.,

Hormiactis sp. close to H. candida Hohnel - repeatedly isolated
in summer,

Humicola grisea Traaen - not very common, but recorded through-
out the year,

Microsporwn sp. - rare.

Nigrospora sp. — uncommon, but recorded throughout the year.
Penicillium, several species ~ very common in spring and summer.
Phialophora sp. — rare.

Rhinocladiella sp. - rare.

Septonema sp. — isolated repeatedly during summer.

Stachybotrys atra Corda - uncommon.

Torula herbarum (Pers.) Link ex.S.F. Gray — uncommon.
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27.

29.
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Trichoderma sp. = common in spring, extremely common in
summer,

Trichothecium sp. = uncommon.
Tripospermum sp. — uncommon.

Seolecobasidium variabile Barron et Busch - rare.

A hyphomycete which could not be identified by us, or by Dr. Ellis
of the Commonwealth Mycological Institute and Dr. Gams of the Centraal-
bureau voor Schimmelcultures, was isolated repeatedly. It is referred
to as UW 315,

(c) Coelomycetes

1.
2.
3.
4,
5

Ascochyta sp. - rare.

Ceuthospora sp. - repeatedly isolated in summer and spring.
Colletotrichum sp. — rare.

Pestalotia sp. — isolated several times in summer.

Phoma sp. - not uncommon on senescent leaves and throughout
the field studies.

2. AQUATIC FUNGI

(a) Phycomycetes

1.

2.

3.

Pythium sp. — appeared sometimes on leaves submerged in
distilled water.

Zoorhagus insidians Sommerstorff — fairly frequently
observed on leaves submerged in distilled water.

Acaulopage tetraceros Drechsler - observed répcatedly on
leaves submerged in distilled water,

(b) Hyphomycetes (distribution in different climates, based on reviews
by Nilsson 1964 and Triska 1970, given in brackets).

1.
2.

Actinospora megalospora Ingold - rare (more common in tropics).

Alatospora acuminata Ingold - very common in winter, less
common in summer (widely distributed, but usually more common
in colder seasons).

Anguillosporc - following Nilsson's (1964) suggestion,

A, pseudolongissima Ranzoni was considered synonymous with
A. longissima (Sacc. et Syd.) Ingold - common throughout
the year (widely distributed). '

Articulospora tetracladia Ingold - uncommon, only in summer
(distributed throughout the world).

Clavariopsis aquatica De Wild - throughout the year, no
seasonal pattern (widely distributed, more common in colder
regions). ’

Flagellospora: F. curvula Ingold - not very common, throughout
the year (widely distributed); F. penicilloides Ingold - rare
(common in North America and in the tropics).
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11.

12,
13.

14,
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Heliscus Zugdunensis Saccardo et Therry - very common in
winter and spring (seems restricted to temperate and cold
areas).

Lemonniera aquatica De Wild. — common in winter and autumn
(concentrated in northern regions).

Lunulospora curvula Ingold - rare, only in summer (most
common in tropical and subtropical regions).

. L
Tetrachaetum elegans Ingold - rare, only in summer (most
common in temperate regions, less common in cold and
tropical regions),

Tetracladium: T. marchalianum De Wild. - common, mainly in
winter and spring (more common in northern regions);

T. setigerum (Grove) Ingold - less common (worldwide
distribution, but usually not very common).

Tricellula aquatica Webster - rare (few reports).

Tricladium: T. angulatum Ingold - very common, especially

at early stages of leaf decay, less common in summer;

T. gracile Ingold — uncommon; 7. splendens Ingold - uncommon
(all three species probably more common in temperate zones).

Trzscelopnorus monosporus Ingold — rare, only in summer (ma1n
distribution in tropics).
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B & K presented the data from these experiments in three main
ways:

First they listed all the fungi encountered on living, litter and
submerged leaves with useful comments on Low common or rare they were
on these leaves, and whether or not their appearance was seasonal (see
table 3.2). They made a convenient but slightly artifical split between
those fungi regarded as terrestrial and those found mainly or exclusively
in aquatic habitats. Apart from some aquatic phycomycetes observed only
from the water incubations, the aquatic fungiwere all aquatic Hyphomycetes.

Second, they gave detailed tables of the frequency of each species
of fungus, isolated under each set of conditions, on each sampling date.
Certain useful observations can be made from these results. For instance,
the aquatic Hyphomycetes most commenly observed sporulating were

Alatospora acuminata, Anguillospora longissima, Heliscus lugdunensis,

Lemmoniera aquatica, Tricladium angulatum and Tetracladium marchalianum;

whilst the terrestrial fungi which sporulated most abundantly were species

of Alternaria,Aureobasidium, Cladosporium and Fusarium.

Third, they provided very clear summary diagrams, presented in
Figure 3.6, which show the influence of leaf species, leaf parts, pre-
sterilization, sampling data, incubation medium, and incubation tempera-
ture on the percentages of terrestrial, aquatic and sterile forms isolated.

The first field experiment provided information on the mycoflora
on a single leaf species subjected to the whole spectrum of incubation
conditions. To quote B & K'a clear and concise summary "It is
immediately obvious that at the lower incubation temperatures more aquatic
Hyphomycetes were isolated. At room temperature they could usually be
isolated only on water agar and leaf'agaf. Aquatic forms appear to be
less inhibited by low temperatures than terrestrial forms. Many of the

terrestrial species were clearly already there before the leaves were
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placed in the Speed River. On the sterile leaves they did not appear
until the 3rd and 4th samples'.

The way the terrestrial forms 'took over' and ovef ran the
conventional medium at room temperature is very obvious from these clear
diagrams. The contrast between incubations at room temperature and at
the more appropriate stream temperatures is striking.

In the second field experiment, therefore, the incubation conditions
were reduced to those known to be suitable for aquatic forms. They
concentrated on looking for differences between the three leaves; a slow
(oak), intermediate (maple) and fast ' (ash) decomposing species. The
detailed frequency table showed that various differences did occur in the
relative abundance of the various fungal species on these three leaves;

essentially, however, their mycofloras were found to be very similar.

In the parallél laboratory investigations B & K's aim was to
find out more about the environmental tolerances, colonizing and decompos-
ing abilities of terrestrial and aquatic fungi  recorded from the stream
experiments. Such information might throw some light -on the successional
patterns obser?ed; the main influences on succession being assumed to
be stream temperature and leaf composition.

B & K had observed that "leaves freshly coullected from the tree
mostly bore propaéule; of terrestrial fumngi such as Alternaria,

Aureobasidium and Cladosporium. Yet after thirty five days in the stream

Tricladium, Heliscus, Anguillospora, etc.,were more frequently isolated,

at least on plates at stream temperature, suggesting.that the terrestrial
forms were being replaced by a new group, the aquatic Hyphomycetes".

They thus set up the following stream simulation experiments:

Leaf discs were.cut from freshly fallen leaves, and from leaves
retrieved from sample 1 (Jan), 2 (Feb), 3 (March), 4 (April) and 5 (May).

These six sets of leaf material were inoculated, singly and collectively
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with those aquatic and terrestrial fungi most frequently isolated from
leaves of a similar condition. Thus the fungi recorded from sample 1
were inoculated onto fresh leaf discs, those from sample 2 onto leaf
material from sample 1, etc. These discs were then incubated at the
appropriate stream temperature.

The decomposition ability of each fungal species was reflected in
weight lost from the disc, whilst the amount of fungal biomass elaborated
was indicated by increases in leaf protein content,

These experiments produced useful and interesting data but B & K
were cautious in reading too much into them. The aquatic Hyphomycetes
were more active than the terrestrial fungi at the low temperatures
(leaf samples from Jan, Feb, March and April).  This was reflécted in
significant weight losses and significant increases in protein content.
In the 'warmer' sample however the situation was less clear. Some of’
the terrestrial fungi were more active whilst the aquatic were less
active. This tied in with the larger proportion of terrestrial fungi
cbserved at higher stream temperatures.

Simultaneons inoculation cf fungi into one leaf disc cousistently.
produced higher weight loss and increase protein content than any éingle
fungus, terrestrial or aquatic (at least in the first four samples).

Tﬁis suggested that the fungi, principally the aquatic Hyphomycetes dom-
inant in these samples,were acting together Lo decompose the leaf material.
This ties in with Ingolds'observation that older leaved bearing aéuatic
Hyphomycetes had an average of five different species, all growing
together. This may indicate some subtle division of labour. Certainly

Heliscus lugdunensis, one of the commonly observed aquatic Hyphomycetes,

tended to grow on the petiole and on viens whilst Tricladium angulatum

was usually found on thec lamina.
Another interesting observation from these laboratory experiments

was that increases in leaf protein content sometimes occurred without
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a parallel weight loss. This suggested that the fungi had exploited
external sources of nutrients, rather than leaf material, in increasing

their biomass. (see 3.2.3)

In their conclusions and discussion B & K stress agaim the
difficulty of assessing the activity of a fungus when the laboratory
methods used in isolation and identification may radically alter what
was actually happening on the leaf: the difficulty in distinguishing
"between metabolically active organisms which play a part in the
degradation process and those which are passively present in a dormant
or inactive form'".

Many investigaéors have found aquatic Hyphomycetes to be the
dominant fungi  sporulating on leaves retrieved from streams. Such
sporulation in situ is a very good indication of activity, and suggesﬁs
they may be the main agents of decomposition of these leaves. Barlocher
and Kendrick's 'particleplate' incubations from their field samples
showed that these fungi were common on leaf and water agar, as well as
all leaf material incubated in water. ‘These conditions reflected
stream conditions more accurately than the other incubation regimes and

the mycoflora revealed is more likely to reflect the true situation.

Their conclusions are best summarized by this quote: "Because of
these potential pitfalls the description and interpretation of the fungal
succession on leaves is inherently téntative. When the leaf is still
hanging on the tree, it already carries many propagules of several fungi;

(Alternaria, Cladosporium, Aureobasidium etc.). Depending on whether

the leaf lands directly in the stream or spends some time on the ground
beforehand, and on the prevailing conditions, these fungi may rapidly
colonize the leaf. In the stream, the temperature will eventually fall

to low values which will at least partly inactivate many common soil
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fungi, while the aquatic species can still colenize and degrade the

leaf. Aquatic Hyphomycetes predominate throughout the colder months
until higher spring temperatures allow renewal activity of the geo-

fungi still present, and also permit new infections by other fungi.

In summer, geofungi may be as important as - perhaps more important than -
the aquatic épecies. Nevertheless, the main factor which decided which
fungi would be dominant in the early succession on the leaves used in the
present study... seems to have been ability to grow at very low
temperatures".

They discuss the obvious success of aquatic Hyphomycetes in well
aerated streams and conclude that this is related mainly to spore form,
with a subsequent adaﬁtation to the particular environmental influences
important in various geographical locations — such as autumn leaf fall
and low stream temperatures in temperate streams.

Their discussion continues with an assessment of the role of
fungi iﬁ introducing ''the allochthonous leaf and its potential into the
energy flow of the stream community' (and illustrate)their ideas in a

’

scheme shown in figure 3.7 (see also 3.4).

3.3.3 Suberkropp and Klug's study

Suberkropp and Klug faced the same difficulties as Barlocher - and
Kenderick iq relating the frequency of isolation of various members of
the leaf microflora.in the laboratory to their activity on the decaying
leaf in the stream.

They also decided to use a spectrum of incubation conditionms.
However the methods they used, both in the observation and recording
of the fungi found, were rather more sophisticated; revealing more
about the relative activities of the various fungi found and providing

detailed information on the successional patterns of dcminant aquatic
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Hyphomycetes.

In explaining their interest in the composition and role of the
mycoflora of submerged autumn-shed leaves S & K stress the observed
dominance of aquatic Hyphomycetes on such leaves. They point out the
lack of information available on the physiological capabilities of these
fungi; information that would reveal much more about their role in
leaf processing.

They also discuss the rather ambiguous presence of terrestrial
fungi in streams: ''other types of fungi, chiefly those associated with
terrestrial communities, have also been observed on leaf litter in streams...
Data are scarce on the role of these fungi in streams, but recent evidence
indicates that they are probably not active during the periods of low
temperature encountered during the winter in temperature climates and
that their presence may be due to colonization of the senescing leaves.
before abscission (B&K) or to passive entrapﬁent of dormant propagules

on the leaf substrata in streams (Park 1974)".

In their field study programme S & K collected the leaves of oak and
hickory as they were shed from the trees; they then assembled.them into
leaf packs before placing them in the stream "in a manner similar to
natural leaf accumulations".

Between November and June, bi-weekly sampies of leaves were
retrieved from the stream; and small discs (0.5cm diameter) were cut
out of these leaves for mycological observation,

Five techniques were used "to assess the types of fungi present on
the leaves'. The details of these techniques are given in tables 3.3
and 3.4. They include a direct observatioﬁ technique to detect any fungi
sporulating in situ; two low temperature incubations in water and on an
inorganic salts medium (ISA) (conditions likely to favour the growth and

sporulation of aquatic Hyphomycetes); and two high temperature
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TABLE 3.3

SUBERKROPP AND KLUG'S STUDY: FUNGAL OBSERVATION TECHNIQUES

Direct

Leaf disks were fixed immediately in lactophenol; 30 disks were later
stained with lactophenol-cotton blue and the entire surface of each disk

scanned at 160X to determine sporulating fungi.

Water Incubation

Leaf disks were incubated in 250 ml of aerated, filter-sterilized
(0.45 pym membrane) stream water. The duration and temperature of the
incubation were varied with natural stream temperatures, i.e. 4 days
at 5°C during November through March, 3 days at 10°C during April and
May, and 3 days at 15°C during the latter part of May and June.
After incubation, disks were fixed in lactophenol, and 30 were later

stained and examined as in the "direct" technique.

Low temperature inorganic salts agar (ISA) incubation

After disks were incubated on ISA (KNO3; 2.5g; K, HOP, , 3.4g; MgSO4
9

.7H20; as in the "water incubation', 20 disks were stained and examined

as in the "direct'" technique.

High temperature ISA incubation

After disks were incubated on ISA at 25°C for 6 days, 25 disks were

examined at 50X for sporulating fungi.

Particle plate incubation

Disks were incubated in a starch-casein-nitrate medium with 0.035% rose
bengal (Ottow 1972) at 25°C for 6 days. Sporulating fungi on 25 disks
were determined as in the "high temperature ISA incubation" technique

above.
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incubation

nitrate medium

Table 3.4
Name of technique Incubation . medium . .Temperature Incubation period Further treatment
*Direct observation - - - Leaf disks fixed
immediately; later
stained and scanned
at X160 for
sporulating fungi
[ . . eq s o Nov-
*Water i1ncubation Aerated, sterilized 5°C for 4 days (Mar )
stream water
Apr-)
3 days (May as above
May-
*Low temperature
inorganic salts ISA as above as above as above
agar (ISA)
High temperature o disks examined at
inorganic salts ISA 25°C 6 days X50 for sporulating
agar (ISA) fungi
Particle plate Starch-casein- 26°¢ 6 days As for high

temperature ISA

*#See Section 4.2

£l
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incubations, one on the salts agar the other on a rich organic medium.

Between them such a range of techniques is likely to reveal most
members of the leaf mycoflora - be they aquatic or terrestrial - and
present as éctive hyphae, inactive hyphae or spores.

They also used a more detailed recording method for the fungi
observed. Not only were percentage frequencies calculated for each
fungus from each technique, but the density of each fungus on each leaf
disc was scored on a scale 0 to 3 (for the first three techniques).

This scale.is given in table 4.5. These frequency and density records
were then combined to produce 'importance indices' which gave ecologically
interesting information on the relative importance of each species.

In B & K fungal biomass was estimated by measuring hyphae length
per unit area of leaf. S & K, c;ncerned with the combined fungal and
bacterial population, decided to use ATP cdncentration as amn indication
of active microbial biomass in the leaves being processed. In Suberkropp -
et al (1976) they followed the progression of microbial colonization and
decay by measuring changes in the soluble and non-soluble components of

leaves - changes in cellulose and protein content, for instance,

Assessing the frequencies of various fungi recorded from the first

three 'observation' techniques, S & K found that six species of aquatic

Hyphomycete emerged as major colonizers of leaf material. These were:

Flagellospora curvula

Lemmoniera aquatica

Alatospora acuminata

Tetracladium marchalianum

Anguillospora sp

Clavariopsis aquatica

Many other workers have found these species to be abundant in cold

and temperate streams in both North America and Europe. (see table 2,6).
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The direct obser;ation technique in this study showed that these
aquatic Hyphomycete species were sporulating in situ on the leaf when
it was removed from the stream. 5 & K and others, including Park
(1974), view this "as strong evidence that these fungi are growing in
this environment, and therefore, are active in the processing of the
leaves". Mény other people have demonstrated aquatic Hyphomycete
sporulation on freshly collected submerged leaves. For instance, S & K
in an earlier paper (1974), revealed abundant sporulation of aquatic
Hyphomycete on the surface of such leaves by the use of the scanning
2lectron microscope.

Although fungi sporulating in situ on newly collected leaves are
likely to be active, éhe converse is not necessarily true. Fungi not
sporulating may be active; they may be 'concentrating' on vigorous
vegetative growth. Such fungi will be capable of sporulating fairly
rapidly if encouraged. Hence the use of laboratory incubation; sporu-
lation is stimulated, identification is possible and density can be
better assessed.

Of the four incubation regimes used by S & K, two "indicated the
same species composition as direct examination, but produced higher
frequencies and densities of sporulation". These were the water
incubation, and the low temperature ISA - the two regimes combining
environmental incubation temperatures with short incubation periods.
Only fungi which sporulated rapidly would be shown up by these regimes.
Active fungi would be capable of such rapid sporulation and Park (1974)

suggests that this ability is a good indication of activity.

Table 3.5 gives the importance indices.of the six common species
of aquatic Hyphomycetes over the November to June sampling period.

Differences in abundance and successional pattern between the .two leaf
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Weeks .
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Hickory
Flagellospora
curvidla - 1.38 129 041 027 034 0.08 0.14 005 0.01 0.02 0.01
Lemonniera . y
aquatica 0.60 0.23 0.20 0.24 0.21 032 0.13 025 0.21 044 029
Alatospora ]
acuminata 0.00 0.13 0.7! 0.63 0.50 0.63 0.60 0.46 0.61 0.56 0.75
Tetracladium
marchalianum 0.00 0.00 0.32 0.38 0.25 0.62 0.54 0.77 0.62 0.67 0.55
Anguillospora sp. 0.00 0.12 0.18 0.31 0.26 0.19 0.44 0.36 0.35 0.21 0.35
Clavariopsis .
aquatica 0.00 0.00 0.09 0.07 0.11 0.15 0.i12 0.08 0.21 0.05 0.0t
Others 0.02 0.00 0.07 0.09 0.32 0.0! 0.04 0.02 0.00 0.04 0.04
Oak
Flagellospora
curvila 1.13 0.94 0.84 042 040 020 0.17 0.33 0.14 0.02 0.05 0.00 0.00 0.00 0.00 0.00
Lemonniera
aquatica 0.75 0.78 0.66 041 043 0.34 048 0.29 049 043 0.46 032 028 0.11 0.16 0.00
Alatospora
acuminata 0.12 0.12 0.28 0.68 0.48 0.60 0.57 0.64 074 092 1.03 078 1.16 145 1.52 1.76
Tetracladium
marchalianum 0.00 0.00 0.02 0.15 0.07 0.08 0.18 0.38 0.12 0.20 0.04 0.18 0.17 0.00 0.00 0.00
Anguillospora sp. 0.00 0.02 0.05 020 0.17 0.19 0.20 0.20 0.15 0.22 0.21 0.31 0.17 026 0.21 0.12
Clavariopsis
aquatica 0.00 0.02 0.14 009 0.44 048 036 0.15 036 0.20 0.19 0.38 0.16 0.18 0.05 0.12
Others 0.00 0.12 002 0.05 0.01 0.01 0.04 0.00 0.00 0.00 0.01 0.03 0.06 0.00 0.05 0.00
Table 35

\mPorba nce Indices

Suberkropp & Klug 1976.
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species can be seen; the slower development and longer "life'" of the
aquatic Hyphomycete flora on the oak leaves is particularly striking.
However, the same six species occur as major colonizers on both leaves.

Figure 3.8 shows S & K's excellent 3D histograms illustrating
the frequencies of these six species of aguatic Hyphomycete on oak
leaves over the seven month sampling programme. These clearly show
the successional patterns within the mycoflora; for instance, the
initial colonization of oak by F. curvula, and the dominance of A.
acuminata. They also show the differences in frequency revealed'by the
three 'observation' techniques.

How do S & K explain these successions? They suggested that the
high PH of the water and the low stream temperatures were responsible |
for the decline in the terrestrial fungi intreduced with the leaf, and
helped determine the dominant aquatic Hyphomycete species.' What influ—
enced the pattern observed for these six species?

If the different species had different enzymatic capabilities
then changes in the composition of the decaying leaf Qould bring about
changes in the balance of colonizing fungi. However there is no
evidence for such differences, on the contrary the information provided
in this paper suggests that all these species are capable of breaking
down the major structural components of hickory leaves, at least.

What other influences could affect succession? Metabolic inter-
actions, both stimulatory and inhibitory, can occur between fungal and
bacterial members of the leaf microflors, affecting combetition and
exploitation of the leaf material. However details of the effect of
such interactions in this study are not known.

Thus S & K could not come to any firm conclusions on the success-
ional patterns they revealed '"clearly additional information on the

physiological and competitive capabilities of these fungi is needed to
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fully understand their role in the processing of leaf litter in wood-
land streams.

S & K then considered the fungi revealed by the two remaining

'observation' techniques. These incubatjons were at higher temperatures

and left for longer before observation took place. The results were
very different, the leaf material being covered with sporulating soil
and litter fungi. Such species had been reported from streams before,
by several workers. In each case similar plating techniques had been
used to stimulate sporulation.

Figure 3.9 shows the occurrence of Alternaria sp. — a common
phylloplane and leaf litter genus - under the different regimes. The
contrast between the practical absence of sporulation in the first three
techniques and the profuse sporulation in the rich SCN particle plate
incubation is striking. Similar results were obtained for the other

terrestrial fungi except that only Alternaria Fusarium and Cylindrocarpon

were observed sporulating on anything but the SCN. These fungi showed
no successional pattern in contrast to that of the aquatic Hyphoﬁycetes
revealed by the other three techniques.

"In order to determine which of the two series of results is
representative of the fungal populations active in the environment the
conditions used in each incubation must be critically evaluated".

The two 'sets' of incubation regime differed in three main ways.
The first (water and low temperature ISA) employed unenriched media for-
short term incubation at stream temperatures. The second set (high
temperature ISA and SCN) employed a rich medium (SCN) for longer term
incubations at high temperatures.

Which of these two sets was most likely to reveal the 'true' leaf
mycoflora active in decomposition? | .

Both Hudson (1968) and Park (1974) have suggestéd that short
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incubation periods are desirable; these allow fungi just about to fruit
to do so without encouraging spores and other resting, inactive,
structures to.germinate grow and fruit.

Kaushik and Hynes (1971) found mainly terrestrial fungi growing
on their incubation plates. They used conventional laboratory media
(and incubation conditions) which differed considerably from the natural
substrate, and which could have encouraged the vigorous growth of fungi
which would nect have thrived on the leaf when it was in the stream.

Incubation temperature is also rather important, Obviously an
'environmental temperature regime' refleets field conditions more
accurately - not only do incubations at 'standard room temperature'encourage
inactive fungi to grow, they may also inhibit fungi active at the lower
stream temperatures. Thus S & K ob;erved that aquatic Hyphomycete
growth was very poor at 25°C. Such slow sparse growth coﬁld quickly
be swamped by 'weed' fungi. B & K had pointed.out the higher frequency
of aquatic fungi revealed by incubation conditions which reflected the
stream environment,

It does seem sensible to expect such incubation conditions to
more accurately reveal the true leaf mycoflora. Certainly the emergence
of the aquatic Hyphomycete species as important members of the mycoflora
(revealed by the first three techniques) agrees with many previous
observations on their abundance on autumn shed leaves. It is safe to
assume that these fungi are in fact active in the stream environment and
that the environment simulating incubation regimes are the best to use
when surveying such stream floras. The contrast between the two myco-
floras revealed by the two sets of incubation regime stresses just how
different a picture is gainéd by using the sort of media and incubation
conditions common in the maintenance; growth and manipulation of pure

cultures of fungi in the laboratory.
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Thus although terrestrial fungi have been recorded from leaves
in streams* S & K concluded that, at least during their sampling
programme, these fungi were inactive, The lack of any successional
pattern shown by these fungi contrasts with the definite successional

patterns of the aquatic Hyphomycetes which in fact "agree very well with

the relative rates at which the two leaf species are processed",

S & K draw together the threads of their laboratory and field
investigations in the form of a scheme for the initial stages of
autumn-shed leaf processing:

"The data presented in the present study, as well as those of
Triska (1970) and Kaushik and Hynes (1971), provide strong evidence
that fungi dominate the microbial biomass during the initial phases of
processing of oak and hickory leaves in temperature streams. Bacterial
biomass increases during the decline of fungal biomass and dominates the
microflora in the terminal stages of processing'.

Fungi, in this case aquatic Hyphomycetes, are particularly suited

in

to initial colonization of the leaf because of their invasive growth and
range of extracellular enzymes. Unpublished data suggest that all the
aquatic Hyphomycetes are capable of producing pectinase and cellulose
This initial fungal colonization and breakdown of cell structure and cell
components conditions the leaf for invertebrates; and combined fungal
and invertebrate maceration the tissue conditions the leaf for the
bacteria: ''greatly increas(ing) the colonizable surface area of leaf
material and presumably releas(ing) previously bound plant constituents".
Fungal conditioning must proceed increased bacterial colonization

because few of the bacteria can degrade structural polymers.

* Park in his 1972 paper 'On the ecology of heterotrophic organisms in
freshwater'" discusses the origins, activity and detection of terrestrial
fungi in freshwater habitats,
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Bacteria are also less active during the initial stages of processing
because of low stream temperatures to which the aquatic Hyphomycetes
are adapted. However unpublished work on leaf processing in the
summer!when-stream temperatures are more favourable to bacterial growth,
shows that fungi still dominate these early stages.

Differences in microbial biomass associated with oak and hickory
are likely to be due to leaf chemistry. Probably the complexing of
proteins with phenolic compounds in the oak makes them less available
to microbai decomposers. This would explain the slower processing rate
observed in oak leaves (see 3.2.3).

To conclude: this careful and comprehensive paper combines
extensive laboratory and field work on the occurence and capabilities
of the fungi and bacteria found on autumn-shed leaves. Not‘only is
the role of aquatic Hyphomycetes in leaf decomposition further confirméd
and explained but the authors make a valuable contribution to fungal
ecology in their use and discussion of environmentally appropriate

laboratory conditions.
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- 3 . 3 N - *
3.4 Hyphomycetes as.intermediaries of energy flow in streams.

3.4.1 Introduction

Several ecological observations have led to the current interest in
the ability of aquatic Hyphomycetes to increase the attractiveness and
food value of leaves to stream inve;tebratesf

Most streams are heterotrophic with a food chain based mainly on
autumn shed leaves. These are "known to serve as food for many members
of almost all gréups of benthic [or bottom dwellingl organisms'. How-
ever, although these leaves are such an important food "only a small
fraction of the energy represented by the leaf material can be directly
exploited by animals". For instance, no animal, except with the symbiotic
assistance of gut microflora, is capable of breaking down cellulose "and
lignin for their contained energy.

Bacteria have long been known to 'intervene' in aquatic and terrest-
rial detrital food chains. For instance: the fine organic particles
consumed by filter feeders as they sort through estuarine silt deposits
are entiched with nitrogen by colonizing bacteria. The nitrogen is
assimilated along with some of the carbohydrate but much of the material is
passed out as faeces where its nitrogen content is again raised by re-
colonization by bacteria.

However, fungi are also important in the colonization and break- -
down of plant material in both aquatic and terrestrial habitats. Aquatic
Hyphomycetes are particularly conspicuous as colonists of submerged autumn-
shed leaves. ''The ecological significance of fungi in the food chain in
aquatic environments, especially streams, has been ignored until recently.
This neglect is all the more suprising when one reflects that fungi are
superior to bacteria in tﬁeir ability to degrade cellulose and lignin...

substances which although they account for 34-65% of the dry weight of

* Many of the quotes in this section, unless otherwise indicated derive
from the useful Barlocher & Kendrick review of the same name.
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leaves cannot be digested by most invertebrates'". Much of the material

is passed through undigested, the assumption being that the animal has
assimilated a small, easily digested fraction of the food, probably mainly
microbial m&terial.' The energy rich faeces that remain pass on to another
stage of decomposition, with colbni;ation by a different range of fungal

and bacterial species and consumption by the 'collector' invertebrates
(see Figure 3.4) The cycles repeats itself until the nutrients in the
leaf material have been exploited by the combined activities of micro-—

organisms and invertebrates.

3.4.2. 'Conditioning' of leaves by aquatic Hyphomycetes.

Several recent studies have attempted to find out whether coloni-
zation by fungi, in particular by aquatic Hyphomycetes, contributes to the
acceptability of autﬁmn-shed leaves as invertehbrate food.

Kaushik anq Hynes (1968, 1971) and Triska (1970) appear to have
stimulated much of the recent work. Kaushik and Hynes observed increases
in protein content of leaves in streams as they decomposed. Such
increases were significantly depressed by the use of antifungal antibiotics
and were thus attributed to fungal activity (see Figure 3.0). Experiments
by both Kaushik and Hynes, and Triska indicated that the fungal contribu-
tion to leaf degradation was much greater than the bacterial contribution.
They also carried out 'preference experiments' in which invertebrates
could choose between different species of leaf with.or without colonizing
fungi and bacteria. The results showed that several stream detrivores
preferred to eat partly decomposed leaves with a rich microbial population
rather than sterile or freshly fallen leaves. In Triska's experiments
this population was largely aquatic Hyphomycetes.

How can aqu;tic Hyphomycetes affect the value and acceptability of

the leaf as invertebrate food? There appear to be three main ways: the
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conversion of existing leaf material to fungal biomass; the 'trapping'
of soluble nutrients from the surrounding water to augment the leaf's
resources; and the breakdown of cell structure and molecules without
assimilation into fungal biomass.

The evidence is that aquatic Hyphomycetes are particularly versatile
in their enzymic capabilities and can convert both simple and complex
carbohydrates to fungal biomass. Their dominant presence on leaves through-
out much of the year also suggests that they have the opportunity to use
these abilities.

Bar locher and Kendrick (1974) have demonstrated an increase in the
nitrogen content of aquatic Hyphomycete colonized leaf discs, without a
parallel decrease in leaf weight, which they attribute to nitrogen trapping
from the surrounding water. The fungi appear to augment the already
severely depleted and decreasing nitrogen supply of the 1e5ves themgelées,
making the C:N ratio more favourable to decomposition.

Fungal degradation of substrates inveolves the excretion of exo-
enzymes and then the absorption of the breakdown product, perhaps the
simple carbohydrates produced by the hydrolysis of more-complex molecules
such as cellulose,. Not all of the breakdown product will necessarily be
absorbed. Suberkropp and Klug (1976) suggest tha; all aquatic Hyphomy-
cetes "are capable of elaborating pectinase" and enzyme which will
disrupt the cell structure Sy dissolving the middle lamellae.

The 'conditioned' leaf preferred by aquatic and terrestrial
invertebrates is thus an aggregate of unchanged leaf material, partly broken
down leaf material, microbial cells (in this case principally aquatic

Hyphomycete hyphae) and microbial excretions and secretions.

3.4.3 Consumption, assimilation and preference experiments,

A number of experiments have been done on the consumption,

assimilation and attractiveness of diets consisting of leaves without
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colonizing fungi, pure cultures of fungi, and leaves with their
compliment of fungi.
Barlocher and Kendrick, in their 1973 papers, assessed the

efficiency with which a freshwater shrimp Gammarus psuedolimmeaus

converted leaf and fungal material into its own biomass. Increase in
body weight énd daily food consumption were measured.. ..The diets provided
and the resulté gained are shown in Figure 3.11.The highest weight increases
were shown by shrimps feeding on four fungal diets - three of these being
aquatic Hyphomycetes. Also much larger quantities of leaf material as
opposed to fungal material had to be consumed to produce the same weight
increase. The fungi thus provide a much more concentrated food. These
experiments indicate thaf certain aquatic Hyphomycetes are a good food
source in themselves, whilst " more significantly, we can confidently
assert that good fungal growth on the leaves will substant{ally imp?ové
their food value to the invertebrate stream fauna",

In 1975 Barlocher and Kendrick followed up these experiments with
a study on the actual assimilation, rather than just consumption,of the
same range of diéts. The results lead the authors to substanti;lly
the same conclusion.

The significance of these results may be different for scrapers,
which remove the top layer of colonizing micro-organisms and leaf material
from the surface of the leaf; and for shredders which consume 'chunks'
of the leaf.. (Gammarus are shredders).

The value of an enriched food source is obviously enhanced if tﬁe
consumers prefer it to less valuable sources. Many workers have carried
out more or less sophisticated preference experiments using leaves with
and without their microflora as well as pure cultures of fungi and
bacteria. Barlocher and Kendrick in their 1976 review report a food
selection e#periment in which shrimps were offered a choice between various

combinations of three leaf species and pure cultures of the fungi listed

in Figure 3.11 (5 of them aquatic Hyphomycetes). The results show a
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difference in preference between the fungi, all of whichwere more
attractive than maple leaves. Offered leaf material only, the shrimps
preferred ash > maple > oak. They add a caution at this point "such
strict segregation of leaf and fungus is unlikely in nature and we must
emphasize that the normal feeding mechanism of Gammarus involves
ingestion of the leaf together with the fungal population it bears."

They went on to study how individual species of fungi influence
the palatibility of the leaves they colonize. Discs of each leaf species
were inocuiated with pure cultures of the different fungi and then
offered to the shrimps in various combinations. The results showed that
the normal order of preference ash > maple > oak can be altered. In
essence, the most palatable fungus colonizing the least attractive leaf
can make this leaf the first choice of a shrimp also offered the most
attractive leaf with the least palatable fungus - and all the variations

in between. Particularly interesting was the fact that Anguillispora,

the aquatic Hyphomycete which produced the greater weight increase in
the consumption experiments was amongst those fungi wh?ch made the leaves
most attractive.

Barlocher and Kendrick assess these results in the light of the
ecological role of fungi anq invertebrates in the processing of leaf
material. "[These results] clearly demonstrate the decisive influence
which the fungal population can have on food selection by Gammarus, and
presumably other stream invertebrates, C[andl] suggests that the various
leaf-fungus substrates fall along a graduate scale, from those which are
cagerly eaten as soon as they become available, to those which are
tardily and reluctantly consumed. This suggests a natural rationing
or regulatory process which may help the large winter populations of
benthic invertebrates to survive by spreading out éheir consumption of

available food over a longer period than would be dictated by their
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natural appetites if all food materials were equally palatable".
Since aquatic Hyphomycetes aré the dominant mycoflora on submerged
autumn-shed leaves they will be the ones to provide the "decisive
influence" on food selection in streams.

Willoughby and Sutcliffe (1976) and Marcus and Willoughby (1978)
assessed the food value of a variety of natural and artifical diets to

the shrimp Gammarus pulex and the water hog-louse Asellus aquaticus.

They found that naturally decaying deciduous tree leaves - with their
compliment of organisms, including aquatic Hyphomycetes - provided the
best diet in terms of growth and survival. Thus aquatic Hyphomycetes
are important to invertebrates and the combined activities of both are
important in the ultimate retrieval of the energy and nutrients locked
in leaves. Conversely, the importance of autumn-shed leaves to both
aquatic Hyphomycetes and invertebrates is illustrated by the adaptation
of aquatic Hyphomycetes to vigorous growth and sporulation in the cool
stream temperatures which prevail when leaf material is most plentiful
(Barlocher and Kendrick 1974): and by the fact that "A large portion
of the aquatic insect community has become synchronized to the autumnal
input of leaf material". (Peterson and Cummins 1974). The concluding
remarks of Barlocher and Kendricks review provide a succint summary of,
and final comment on, this interesting area of study: '"our own
experiments and other reports have clearly demonstrated that the fungi, .
especially the typical freshwater hyphomycetes, are invaluable members
of the stream community and can no longer be neglected in any
comprehensive account of life in running waters. They play a key role
in unlocking and distributing a major source of energy in streams.

This is a very new and wide open fie}d; we look forward to an extremely
productive period, and we ‘hope that this summary of current research
will encourage more ecologically oriented mycologists to 'get their feet

wet'."
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4, METHODS IN THE STUDY OF AQUATIC HYPHOMYCETES

4,1 Techniques used in the study of aquatic Hyphomyceﬁe biology
and ecology

In cﬁnsidering the various techniques used in the study of aquatic
Hyphomycetes it is useful to consider the following questions:

What different aspects of the biology and ecology of aquatic
Hyphomycetes interest the laboratory and field investigator?

What particular problems occur in the collection and manipulation
of field agd laboratory material: how do these influence the methods
chosen?

What are the limitation of these methods and how cautious need one
be in interpreting the results?

Some of the problems encountered are specific to the study of
aquatic Hyphomycetes whilst others are more general problems associated
with the study of fungal ecology (see 1.1).

A summary pattern - Figure 4.1 - sets out some of these field and
laboratory techniques, indicating where special problems arise.

The use and interpretation of aquatic Hyphomyceée sporas has been
discussed in detail in Section 2.3.6.2. Both collection of foam and
filtration of water for suspended spores are quick and easy ways of
surveying the spora of a river or stream. Filtration was specially
developed by Igbal and Webster (1973a) to get over Special Problem S,
the biased samplé of spores trapped by foam.

The study of the physiology of aquatic Hyphomycetes provides
useful information on the potential of these fungi, which may help in
the elucidation of their ecological role. In determining ﬁutritional
requirements or investigating envirommental tolerances the usual practice
is to manipulate pure cultures of the fungus to be studied (raised in the
laboratory under optimum conditions as raw material for experimentation);

'Special culture conditions' are used: most of the conditions for growth

are kept constant whilst others are varied to determine their effect in
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isolation. For instance, growing the fungus at different temperatures,
or providing it with different energy sources.

There are two main problems associated with this type of experiment:
one concerns the design gf the experiment — the choice of special conditions;
the other involves the extrapolation of the results of such experiments to
what happens under natural circumstances.

Physiological investigations use simplified and controlled environ—
ments — a pure culture of a fungus, on a defined medium at a particular
temperature, for instance. These conditions have to be carefully chosen
to provide the best and most appropriate 'background' environment.

For instance, Thornton was careful to investigate the best ‘temper-
ature, pH and aeration condtions for experiments on the growth of aquatic
Hyphomycetes on different energy substrates. He wanted to make suré that
observed differences in growth were due to changes in these substrates:-—
not to limiting effects of the fungal environment.

The exploitation of a particular food source cannot be measured
accurately if the 'background' medium contains a more easily exploited
food source. A fungus growing on a cellulose containing medium containing
sugars may exploit the sugars first and not get down to breakdown of the
cellulose (Park 1973).

The behaviour éf aquatic Hyphomycetes, even under well thought out
experimental conditions, cannot accurately reflect their performance under
field conditions. Here they occur aé part of a varied microflora competing
and co-operating with each other (in contrast to the pure culture in the
laboratory) and all the environmental influences are acting together. For
instance, laboratory experiments have shown that many fungi-can use simple
sugars as an energy source. However, they are unlikely to be able to-use
this potential in the field where they face competition from fast growing
fungi which specialise in.exploiting such sugars.

The results of physiological experiments seem to be much more useful

in helping explain observed phenomena than in predicting behaviour.
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Examination and manipulation of autumn-shed leaves, the principal
natural substrate colonised and decomposed by aquatic Hyphomycetes, has
provided much of the information we have on the occurreﬁce and ecology
of these fungi. This includes information on the species present,
their abundance, their seasonal and successional patterns of occurrence,
their activity and their decomposing ability; as well as their relative
abundance, activity and decomposing ability compared with other members
of the microflora.

Naturally occurring 1e§ves may be taken from streams and examined
for aquatic Hyphomycetes. However, many long term field programmes use
'introduced' leaves. This practice is particularly useful in the study
of fungal colonisation and leaf processing since it is possible to follow
the development of and seasonal and successional changes in the mycoflora,
whilst monitpring the parallel progressive changes in the physical and’
chemical condition of the substrate.

Collecting leaves as they are shed, before immersing them in a
stream means that the chemical composition and resident terrestrial
mycoflora can be recorded before aquatic decomposition begins. The
leaves can then be immersed in the water in such a way that they can be
easily retrieved for sampling. There seem to be two main ways of doing
this: Leaf discs or whole leaves, enclosed in mesh bags; or unprotected
leaf-packs of whole leaves tethered together and anchored to some natural
or artificial structure in the stream (e.g. Triska 1970 and Petersen and
Cummirns 1974).

Such a use of introduced leaves is more controlled than sampling
the naturally occurring leaves and yet is not necessarily artificial.
'Natufal' conditions are imitated best when whole, senescent leaves are
introduced at leaf fall to an area in the stream where leaves
naturally accumulate.

It is also possible to manipulate the situation: perhaps by
sterilising the leaves before submerging them (Barlocher & Kendrick

1974); or protecting them from consumption by invertebrates; or by
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anchoring them in an area of the stream where leaves are not usually
found. Such manipulations give extra information on decomposition by
aquatic Hyphomycetes and other members of the microflora.

Environment simulating experiments.carr‘ed out in laboratory, and
often run in parallel with field investigations, allow further manipuls-
tions to be carried out in an artificial environment which yet mirrors
stream conditions. Such experiments represent a compromise between
observing what actually happens in the stream (which is not an easy task -
see below) and observing what happens under the totally controlled environ—
ment of a convention of physiological investigation.

Kaushik & Hynes used enviromment simulating experiments, submerging
leaves with their natural compliment of micro-organisms in stream water
containing various antibiotics to see what effect this had on the decom-
position of the leaf (see Figure 3.10).Birlocher & Kendricks parallel
studies (see 3.3.2) involved the incubation of sterile leaf discs with
various fungal species foliowed by incubation of the leaf discs in stream
water at tempeéaturés experienced at different times of the year.

To understand more about the fungi colonising submerged leaves the
fungal ecologist will want to be ablé to see the fungli growing on the
leaf, identify the species present, and get some idea of their activity
and abundance. None of these. tasks 1is straightforward and many of the
problems involved have been discussed in 1.1 and 3.3. The main difficulties
are shown as 'Specigl Problems' in Figure 4.1.

The first, 'special problem A', is the difficulty of seeing aquatic
Hyphomycetes growing in or on their natural leaf substrates - since these
are microfungi, intimately associated with an opaque substrate.

Vegetative growth of aquatic Hyphomycetes occurs within the leaf
whilst the conidiophores project from the surface. Fruiting fungi may
therefore be seen if the surface of the leaf 1is scanned using a binocular
light microscope or an electron microscope. The hyphae within the leaf
and the conidiophores on it will also be shown up if the leaf material

is cleared and the fungi stained before microscopical examination.
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Bandoni (1972) & Park (19745 also 'observed' fungi on the leaves by
floating off aquatic Hyphomycete -spores and identifying these. These
are 'direct observation' techniques. They have the advantage of
revealing what is actually bappening in and on the leaf when it is
retrieved from the stream (see 3.3.3).

This intimate association between fungal hyphae and the leaf also
makes the measurement of fungal biomass within the leaf difficult, if
not impossible. '"Indirect' methods are therefore used to estimate
this ecologically important indication of fuﬁgal exploitation., for
instance, the measurement of hyphal length per unit area. Or metabolism,
rather than biomass, has to be measured - via respiration, or ATP content
for instance.

'Special problem B' is one of identification. Aquatic Hyphomycetes
in common with most other fungi, need to be fruiting before they can be
identified. Direct observation reveals some sporulating fungi but not
all the fungi growing actively on the leaf will neceséarily be sporulating,
as explained in 3.3. They may be induced to in the laboratory by
incubating the leaf material.

This is'where 'special problem C' occur. In examining the leaf
substrate for aquatic Hyphomycetes or other fungi the ecologist is likely
to have two main aims. To identify the fungi, and to get some idea of
what the fungi are doing on the leaf - whe ther they are actively colonising
and exploiting the substrate. Incubating the leaf material may solve
'special problem B' by stimulating the sporulation of active fungi and
allowing them to be identified. However, unless the incubation conditions
are carefully chosen such incubation may also stimulate the growth and
sporulation of fungi inactive on the leaf substrate - inactive, perhaps,
because the chemical compgsition of the leaf or the stream environment
are unfavourable to growth., These fungi are not involved in the

decomposition of the leaf. These problems are summarised in Table 4.1.
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THE ECOLOGICAL MYCOLOGIST'S DILEMMA OR THE "FUNGAL UNCERTAINTY PRINCIPLE"

What are they?

identification

Sporulation usually
required:

therefore

incubation often
necessary

this leads to

MICROFUNGI

What do they do?

ecological role

Direct observation
preferred:

but

sporulation may not
have occurred

this leads to

difficulties in assessing difficulties in IDENTIFICATION

ECOLOGICAL ROLE

Possible Solution

Direct observation

Combination of Environmentally appropriate

culturing techniques
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The solution Fo.'special problem C' appears to be judicious choice
of 'envirommentally appropriate' culture conditions, preferably combined
with a direct observation technique, as in Suberkropp and Klug's study
(1976) . Their laboratory programme also included the use of a rich
medium incubated at higher temperatures far longer periods. This
addition to the range of techniques used allowed the total or potential .
mycoflora, active and inactive, to be revealed.

'Special problem C' makes the study of stream mycofloras particularly
difficult because of the large numbers of terrestrial fungi 'present' in
the stream and on the leaves. Some of these fungi are introduced with
the leaf when it falls into the stream, whilst the spores of terrestrial
fungi are washed into.the stream from the soil to impact on the leaves.
Many of these fungi grow faster and more vigorously under conventional
laboratory incubation conditions than do aquatic Hyphomycetes.  Theéy
become 'weed' fungi overgrowing the slow growing aquatic fungi. Once the
fungi growing on a substrate have been identified and their activity
established the fungal ecologist may wish to find out how vigorously
each species is exploiting the substrate. Unfortunately there is not
necessarily a straightforward relationship between the number of times a
fungus is. isolated and identified and the extent to which it is exploiting
the leaf.

A rampaging fungus growing extensively and sparsely may be very
frequently isolated, whilst a slow growing fungus - for instance an
aquatic Hyphomycete'— exploiting the substrate to the same or a greater
extent, may not be isolated as frequently.

Comparisons between aquatic Hyphomycetes may be reasonably valid
because they all have a relatively slow, compact growth habit and take
about the same time to sporulate. Comparisons between aquatic
Hyphomycetes and other fungi with different growth habits may be more

difficult.
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Thus the study of fungal ecology in general, and aquatic
Hyphomycete ecology in particular, has all the problems that accompany
the ecological study of any group of organisms and additional difficulties
created by our inability to '"see' what is happening, when it happens.
Each method designed and employed to help us discern the true situation
reveals some important feature whilst obscuring or distorting others.
A judicious combination of weli thought out methods is therefore essential,

the limitations of each being borne in mind when the data they provide is

being assessed.
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4.2 A Summary of the Field Study Programme: Aims, Scope and Construction

This section explains the aims and scope of the field study programme,
giving a summary of the field and laboratory proéedures used, and explaining why
the various methods were chosen and how the programme was constructed.

The general aim of the field study was to investigate an ecologically
interesting topic; hopefully gaining insight into that topic and in the process
developing expertise in the planning, execution and assessment of a programme
of field and laboratory investigation.

My specific aim was to investigate the biology and ecology of a group
of sapfophytic aquatic fungi -~ the aquatic Hyphomycetes. There were several
advantages to the study of Fhis particular ecological group of fungi. Although
interest in aquatic Hyphomycetes has greatly increased .in recent years, the
volume of literature was not too daunting. The distinctive spore morphologies
meant that even an inéxperienced mycologist could identify them after a short
period of familiarization. Also there were several potential sites on rivers
and streams within easy reach of the laboratories.

There were various limitations which restricted the aims and scope of
the study. First was my lack of experience in mycological procedures in
particular, and in field work in general. Fortunately the techniques chosen
were relatively easy to perform; and the type of laboratory and field work
envisaged required little iﬁ the way of specialized, expensive equipment.

The study had to fit the time available. Because of seasonal patterns
in aquatic Hyphomycete occurrence I decided to start my investigations at the
end of July. The bulk of the sampling would then be in August when the
abundance and variety of spores found in flowing waters was likely to be on
the increase (Igbal and Webster 1973 b). |

The study had to be carried out within rather a restricted area; the
sites chosen so that they were easily aund rapidly accessible (by car), and so
that material could be returned without delay to the laboratory.

The choice of a 'compact' programme was therefore implied; taking
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into account each of these restrictions.

A preliminary look at easily accessible sites in and around Durham
City, and a first acquaintance with the more important papers (see Chapters
2 and 3) led me to adopt the programme of work summarized below.

I had several potential comparisons in mind when planning the scope
of the study - involving both ecologically significant parameters as well as
comparative methodology.

First, it would be possible to compare my data and observations with
those of other investigators. Then interesting comparisons might be made
between the data gathered from samples collected on different dates, or from
different sites. Comparisons might also be possible between the species and

abundance of aquatic Hyphomycetes revealed by the various 'detection' methods.

Table 4.2. shows the seven sample sites chosen. The aim was to choose
several running water sites with a certain amount in common, but also with
differences which wight affect the aquatic Hyphomycete spora and flora
observed.

All the sitgs - except Site G, the woodland stream - were part of the
River Wear system. A look at the ordnance survey map of the environs of
Durham City revealed various sites easy to reach by road and within a few miles
of the laboratory. Most of these were also found to be River Authority
sampling points where measurements of such ecologically interesting parameters
as pH, hardness, concentration of nitrate and phosphate, and oxygen demand
are made several times a year.

At all the sites the banks were wooded or the river or stream flowed

through more developed woodland. Sycamore trees (Acer pseudoplatanus) overhung

each site; and summer-shed leaves of sycamore could be seen in the water,
especially where tumbled stones, ér twigs- intercepted debris.

The water at each site.was fairly swift flowing and even turbuient.
Only Site A showed any obvious signs of pollution and was included because

of this difference.



TABLE 4.2

Sample sites

Sites — see Map 4.2

Croxdale Beck

small, shallow heavily wooded tributary of the
River Wear; 2-5m wide; very cloudy water.

River Wear at

Sunderland Bridge

main river; wooded banks; ¢.20m wide.

River Browney

at Al Bridge

small, shallow river, tributary of the River
Wear; 8m wide; wooded banks upstream of
sampling point.

River Deerness

at the A690
Road Bridge

small shallow river, tributary of the River
Browney; 3-6m wide; wooded banks.

River Browney

at Stonebridge

upstream of Sites C and D; shallow; wooded
banks; 4m wide.

River Wear at
Shincliffe-

main river, upstream of A-E; wooded banks;
15m wide.

Woodland Stream

in Little High

Wood

self-contained, small woodland beck; narrow
(0.25-0.5m) and shallow.

Chemical

'during study
Data

Temperature
measured
during study
pH

measured
River
Authority

~

€81
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Two of the seven sites were on the main river. The idea here was to
sample the aquatic Hyphomycete spora only; in fact collection of leaves and
foam would have been difficult or impossible without a boat o£ other gpecial
equipment. Nilsson (N64) had suggested that the spora in such large flowing
waters was likely to consist mainly of imporfed spores from upstream
tributaries and not be the result of a well developed indigenous flora.

The tributaries themselves were sampled. At sites A and C, this was
fairly close to the main river; at sites D and E, further upstream. The
volume of the tributaries and other features which distinguished them from
the main river and each other are given in table 4.2 and in 4.3.1.

A further contrast was expected between these relatively large
flowing waters, part of a large drainage system, and the small woodland
stream sampled at Site G. This stream, overhung and overshadowed by large
trees, has no tributaries to import spores, but does have steep banks covered

-with leaf litter. 'The voiume of runoff to the volume of stream is likely to
be high.

The main programme consisted of five sanpling dates in August and
early September, preceded by some preliminary sampling (See Table 4.3).

On each occasion the water temperature was measured at site., Water
was collected to determine its pH, and also to filter it for suspended aquatic
Hyphomycete spores. Foam was collected when and where found to examine it
for entrapped spores. Only at Sites D and G was foam available; though
turbulent water occurred near .each sample site, foam was either not produced
(A, C, E, F) or could not be got at (B).

On two sample dates, leaf samples were also collected to examine them
for their growing aquatic Hyphomycete floras and impacted spores. The time
involved in proces;ing such leaves meant that only the two samples were

possible. Naturally occuring summer-shed sycamore leaves were collected.



Field Sample Programme - see 4.3.2.

TABLE 4.3

WATER FOAM LEAVES
TEMPERATURE .'pH for filtration sites as sites as
Date all §ites all sites all sites marked marked
28. 7.1977 - - (NG ("6 -
3. 8.1977 v v () - -
10. 8.1977 v v / /D, G ()
18. 8.1977 vV / v e -
24. 8,1977 vV / v/ VY D v ACDEG
1. 9.1977 v/ v/ v/ /D -
8. 9.1977 | Y v Y Yy D, G Y ACDEG

(/) = preliminary sample

Y = main sample programme

S81



186

The investigation used a combination of methods in the detection of
aquatic Hyphomycetes. This was to allow a composite picture of the flora and
spora of each site to be built up by pooling the data from the various
techniques. The different pictures revealed bv each method could also be
compared. See Table 4.4.

The spora of each site was surveyed quantitatively by filtration of
the water for suspended spores (Igbal and Webster 1973 b), and qualitatively
by examination of foam (e.g. Ingold 1974). Naturally occurring leaves from
sites A, C, D, E and G were examined before and after incubation for the
diversigy and abundance of aquatic Hyphomycetes growing on their typical
substrate, aslwell as for impacted spores.

The combination of leaf observation techniques was a modest version of
Suberkropp and Klugs' comparative programme (1976), being chosen for the same
sound ecological and mycological reasons (see 3.3.3 and 4.1).

Leaf discs werd cut from the collected leaves. Some were fixed
immediately so that subsequent microscopic examination would show what species
had been sporulating in situ. Water incubation of leaf discs in filter-
sterilized stream water and on the ISA solid plates were bolth carried out at
12°C. The range of water temperatures measured on 3,8.1977 was 11.5°C to
13.5°C. To make the "environmental simulation" more precise the leaf discs
had to be incubated at an appropriate stream temperature. Of the constant
temperature rooms available, 12°C was the most suitable, falling within the
measured range. The water temperatures did drop during the sampling period
but all incubations were carried out at the same temperature.

After 3 days incubation leaf discs were removed from the water or
medium and examined (after fixing and staining) for aquatic Hyphomycetes.

The aim was to compare the species revealed at day O (direct observation)
and after 3 days; and combine the data féom these two to get a picture of

the active flora. (See 3.3.3. and 4.1).



TABLE 4.4

'Laboratorz;?rogfamme - see 4.3.3. and 4.3.4.

MATERIALS PREPARATION OBSERVATION
FOAM allowed to settle to drop under coverslip
qualitative produce "foam liquid" fixed and stained scanned at x 150 iunder

spore samples

binocular microscope

FILTER
quantitative
spore samples

water filtered
through '"Millipore"
filter disc

fixed and stained

disc debris — side up
under coverslip;
scanned at x 150 under
binocular microscope

LEAVES
impacted
spores and
growing fungi

Direct observation

leaves washed;
discs cut

leaf discs
immediately fixed
and stained

Both sides of each disc
scanned at x 150 using

Water incubation

leaves washed;
discs cut

l2af discs incubated
in filter sterilized
stream water, at 12°¢
for 3,7 and 10 days

leaf discs removed
from water, fixed
and stained

special microscope
>slide (Fig. 4.10)

ISA (solid medium)

incubation
leaves washed;
discs cut

leaf discs incubated
on ISA at 12°C for 3,
7 and 10 days

leaf discs removed ./
from surface of
medium, fixed and
stained

plates also scanned
(unstained) for growing
fungi and spores

L8T
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Incubations were also extended to 7 and 10 days. This allowed inactive
fungi to start growing and show themselves and I was interesred to see how much
of a contrast there would be between those longer incubations.and the flora
revealed at day O and day 3. A difference was also possible between the water
and ISA incubations.

Suberkropp and Klugs' density score was used (see table 4.5) to give
more information on the fungi observed on each leaf disc,

A more detailed description of the procedures involved in the field
and the laboratory is given in the next section.

Looking back at my original plans and aims when the field study had
been completed I realised that I had constructed é programme that could have
adequately provided a three-year doctorate study.

In other words, the experience of carrying out the programme made it
clear that.the scope was a little too wide. Since the study proposed so hany

-possible comparisons the data obtained was rather spread out. The effect of
this on interpretation of the results is discussed in 5.2.2 -. .

When I started to carry out the field sample programme I was not aware
just how much thought and effort was required to co-ordinate a large number
of relatively uncomplicated laboratory and field procedures — to prevent
unnecéssary waste of time, and damage to material.

Preliminary surQeys of the site had been made and I had also spent a
great deal of time familia?izing myself with the rich spofa that could be
collected in foam from Site G — conveniently close to the laboratory.

Various practical difficulties arose during the first attempt ﬁt a
complete sample and the data from these had to be abandoned and modifications
made to the subsequent sampling procedure,

Not all the difficulties could be eliminated. Such a short term study
is equivalent to the preliminary survey which precedes a long term study. In
such a preliminary survey most of the potential difficulties and drawbacks,

~binlogical and practical, are discovered and either ironed-out or catered for.
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TABLE 4.5

DENSITY SCORES FOR AQUATIC HYPHOMYCETES (after Suberkropp & Klug, 1976)

An indication of the density of each fungus on each leaf disc (direct

observation, water incubation, ISA incubation).

0 only loose spores present

1 low density: observed on only one portion of the disc

2 medium to high density: observed in several areas of
the disc

3 very high density, observed on the entire surface of

the disc
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In a study such as this there is no moving-on to a more sophisticated
and informed programme of work; the data obtained have to be interpreted
with any impediments firmly in mind.

This need not detract from the value of the work, however, at least
to the student carrying out the investigation - since the experience gained
in choosing, using and interpreting various techniques is invaluable, and
gives additional insight into the comprehensive and flexible outlook that
must be developed in dealing with the biological and practical aspects of an

ecological study.
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4.3 Methods and Materials

4.3.1 Sample Sites

Seven sample sites were chosen: A; B, C, D, E, F and G. These
are marked on Maps 4.1 and 4.2, All these sites except the woodland
stream, site G, are also River- Authority sample points: they vere easy
to get to from main roads and certain chemical data were available for
them.

All these sites were within easy reach of both the centre of
Durham city and each other. This made it péssible to sample all sites
in a single morning, return the samples to the laboratory within omne or
two hours of coilectién, and start laboratory procedures at once.

All the streams and rivers on which sites were chosen were
bordered with trees or woodland. They differed considerably at the
sample sites, in volume - width and depth - and also in details of
clarity, flow, bed and bank. Sites B and F were on the main river
itself, Site A was on a small, shallow heavily wooded tributary. Site C
was on a large tributary close to where it joined the main river; whilst
sites D and E were on main tributaries of the Wear some distance from the
main river and both upstream of C. Site G was on a small stream in a

steep, wooded area bordering the University science site.
The following descriptions of the seven sites were appropriate
at the time of sampling. However, width, depth, flow and clarity of

the water probably alter with rainfall and time of year.

SITE A: Croxdale Beck (The Rookery) NZ 272 378

Croxdale Beck is a tributary of the River Wear, joining the main
river about 3 km from the sample site. Its banks above and below the

site are bordering with grazed parkland and woodland.



192

30 Km

Scale

K> North Sea e

EWcU 2 uponMune

cgoath T - Y———*
RS




+
+ < 125
,—\P
\..\\
+
42 e

L\wQ \-\ls

Bite Fl O
Shi nd'\ﬁ"z / 4
Bridge ]

L

I>>

&,
46+
¥t
2+
—~/ Sunderiand
Brdge
<
N4 - Kcm? Ty N
% N S Map 4-2,
t '.
%(“ (6] Samp\z a:1tes
. — .
— Bmdgz
1 ek ) 5 Main Rivers
A 4+ Grid
| AG90 Mgjor Roads
+ t?m\
-;‘;5 24; \‘ 27 28 29



194

In the vicinity of the sample site the Beck is 2 to 5 metres
wide and 5 to 20 cm. deep. The bank, 0.5 to 1.5m. high, is mostly
earth, reinforced artificially with stone near "The Rookery's'" access
bridge. Cattle, which frequently visit the water to drink have caused
much erosion of the earth banks. The bed is stony: gravel with large
blocks of stone which interrupt the flow in this shallow brisk area
(see fig. 4.3).

The water appears grey-brown from suspended, visible particles
which cloud the water. These are probably stirred up by the cattle.
The stones, and the leaves and other debris caught against them, are
coated in slime where these particles have impacted.

Predominant trées are wych elm (Ulmusglabra), ash (Fraxinus) and

sycamore (Acer pseudoplatanus), with shrubs of rose and hawthorn -(Crataegus).

SITE B:The River Wear at Sunderland Bridge NZ 265 377

The sample site is a reinforced part of the bank right next to,
and upstream of, Sunderland Bridge.

At this point the river is at least 20m wide; it is 40 cm. deep
at the bank but apparently much deeper further out. The banks are
wooded, or grassed with scattered trees and shrubs on a long slope leading
down to the water's edge. The bed near the bank is silt, sand and small
stones; . larger stones, with attached 'streamers' of algae, occur further
out (see Figs 4.4 and 4.5).

The water is clear with a slow, smooth flow near the bank.

Predominant trees are Scots pine, (Pinus sylvestris), ash (Fraxinus),

sycamore (Acer Psuedoplatanus), willow (salix sp.) and beech (Fagus),

with hawthorn shrubs (Crataegus).
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Fig 4.2

CROXDALE BECK

SITE A

Showing the shallow,
rapid flow over stones
at the sampling point.

Fig.4.3

CROXDALE BECK

Upstream of Site A

Showing overhanging sycamore
trees, drinking cattle, and
the cloudy water.






Fig 4.4

RIVER WEAR AT SUNDERLAND BRIDGE

Just downstream of the Sunderland
Bridge and Site B; showing algae
and wooded banks.

Fig 4.5

RIVER WEAR AT SUNDERLAND BRIDGE

Just upstream of Site B; showing
wooded banks, some marginal vegetation
and algae.
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SITE C:The River Browney at the A.l. Bridge NZ 267 382

The River Browney is a small river which joins the Wear about
1.5 km. downstream from the bridge.

At the sample site the river is about 8m. wide and 5 to 30 cm deep.
The banks, which are about 2m. high, are completely covered wifh a tall
species of Iggatiens known locally as 'Policemans' Helmets'. This
grows up to 2m. high (see Fig. 4.6). Just upstream the banks are steep
and wooded.

The bed is very level — fine gravel and silt with algal 'streamers'.
Large stones occur in groups under the bridge, trapping leaves and other
debris. The flow is smooth and fast, and the water usually clear.

The predominant trees are ash (Fraxinus), and sycamore (Acer

pseudoplatanus) with hawthorn shrubs (Crataegus). These hang over the

river upstream from the site.

SITE D:River Deerness at Road Bridge, A690 NZ 255 409

The Decerness is a small river, a tributary of the Browney which it
joins some 100 m. downstream of the bridge.

The river is 3 to 6m wide at the sampling point. The depth is
extremely variable, anything from 5 to 60 cm., as is the flow as the water
flows amonst large stones 'tumbled' on the sandy bed causing miniature
rapids and whirlpools. The fast-flowing, clear water creates foam at
this point,and leaves and other debris accumulate against the upstream
side of the stones. Just downstream of the site the bed is smoother,'
with a sandy 'shore' on one side. The high earth bank on this side is
1 to 2m. high, opposite a herb covered steep bank with overhanging trees
(see Fig. 4.7).

The water is clear with encrgsting algae, algal streamers, and

Enteromorpha.

Predominant trees are horse chestnut (Aesculus hippocastanum),

willow (Salix) and sycamore (Acer psuedoplatanus).




Fig 4.5

THE RIVER BROWNEY AT THE A.1 BRIDGE

Just downstream of Site C; showing
dense stands of Impatiens sp.
obscuring the bank.

Fig 4.7

THE RIVER DEERNESS AT THE A690 ROAD BRIDGE

Just downstream of Site D; showing wooded
and herbaceous banks, stony 'shore' and
the varied turbulent and smooth flow of
the water.
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SITE E:River Browney at Stonebridge NZ 258 414

Here the River Browney 1s upstream of Site C and quite different
in character.

At the sampling point the river is about 4m wide. In flat areas
the depth is 10-12 cm. but there are also areas of large tumbled rocks
and stones which cause much variation in depth and interrupt the flow,
which is generally rather rapid. These large stones trap leaves and other
debris. The smooth part of the bed consists of almost horizontal flat
rocks with 'steps' at intervals of a few metres. The earth banks are
almost vertical and up to 4m. High with herbs and many overhanging shrubs
and trees (see fig. 4.8).

The water appears clear but sunlight reveals large suspended
particles which accumulate on the algal streamers attached to the flat
rocks.

Predominant trees are willow (Salix), sycamore (Acer pseudoplatanus),

ash (Fraxinus) and hawthorn (Crataegus).

SITE F:The River Wear at Shincliffe Nz 288 411

Site F is downstreamlof Site B and the confluence of the Browney.

At the sampling poiﬁt, just downstream of the Shincliffe Bridge,
the river is about 15m. wide and 50 cm. deep at the bank, although obviously
much deeper towards the middle. The flow is smooth and not particualrly
rapid near the bank but powerful further out.

The bed is silt, sand and pebbles. The water is clear but the
algal streamers present accumulate quantities of silt. .

Both banks slope steeply down to the water and are up to 4 metres
high. They are covered in shrubs and trees, or are grass backed by
trees and shrubs.

The predominant trees are ash (Fraxinus), beech éggggg), horse

chestnut (Aesculus), sycamore (Acer psuedoplatanus), and willow (Salix)

with hawthorn shrubs (Crataegus),
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Fig 4.8

THE RIVER BROWNEY AT STONEBRIDGE

Just downstream of Site E, viewed from
the bridge; showing overhanging
trees, steep banks, and stone 'steps'
in the bed.

Fig 4.9

THE RIVER WEAR AT SHINCLIFFE BRIDGE

Ac Site F; showing earth, wooded and
grassed banks., Upstream can be seen

a narrowing of the bank and rapids over
stones.
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SITE G:Woodland Stream in Little High Wood NZ 277 415

This site is on a narrow woodland brook which flows down a steep
wooded slope in the Little High Wood..

This.brook appears from beneath a Qense vegetation - including
bracken, Equisetum, and grass-~ flows down the slope for about a hundred
metres and then disappears underground at the wood margin, beneath the
science laboratories site.

The brook is narrow along the whole length of flow, being about
0.25 to 0.5 m. wide at the sampling point. The banks are very shallow
ané obscured by vegetation at the point where it emerges. However, at
the sampling point further down the slope, the banks are 3 to 4m high with
mature trees, shrubs and mixed herbaceous vegetation.

The bed is mud, lined with leaves. These were mainly beech at
. the time of sanpling. The course of the brook is rather irregular with
'steps' and small pools created by twigs and branches wedged across the
flow. The depth, therefore, is very irregular (2 to 10 cm. at the
sampling peint ; as is the flow which varies much more obviously with
the weather than at the other sites. Foam and scum acéumulate against
the obstructions, but the water is clear with no evidence of algal growth.

There is an abundance of overhanging trees which means.the water 1is
heavily shaded at all-times of day. Beech (Fagus), sweet chestnut

(Castanea), oak (Quercus) and sycamore (Acer pseudoplatanus) ..,

predominant; elder (Sambacus) and hazel (Corylus) also being present.

4.3,2 Field methods

Table 4.3 summarises the samples taken and measurement made at the
various sample sites on dates in August and September 1977. On each
occasion and at each of the sites the temperature of the water was measured;
water was collected to determine the pH and to filter for suspended fungal

spores; and foam was collected - whenever and wherever found - to examine
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it for trapped spores.

On two occasions, and from five of the seven sites, submerged
naturally occurring leaves were retrieved so that they could be observed -
with or without incubation - for trapped spores and growing fungi.

Sampling was always carried out at the same time of day (09.00
to 12,00) and the sit es were visited in the same order on each occasion.
Processing of samples was carried out in this same order to ensure that

the material from each site was in a similar condition when dealt with.

On reaching each sample point a thermometer was totally immersed
in the water for some minutes before the temperature of the water was

recorded.

Water needed for determination of pH and for filtration was

collected in clean, screw-top polythene bottles of 1 litre capacity.

ct

These were well rinsed out with the river or stream water to be sampled

before being filled. Care was taken not to scoop up hottom deposits..

Where foam occurred it was carefully scooped up with a spoon,
pouring off the excess water, and left to stand in a small watertight

polythene container.

Leaves were coilected from the upstream side of large stones and
twigs which trap leaves and other debris as they are carried downstream.
These leaves were put into new plastic bags.

Leaves were never abundant at any site except Site G where
large quantities of beech, a rather resistant leaf, line the bed of the

stream. However, summer-shed leaves of sycamore (Acer Psuedoplatanus)

could be found at all the sites and so these were collected in preference
to other species. Only on one occasion was this not possible, at Site C:

willow leaves were collected instead. Leaves showing obvious thinning
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and skeletonisation were chosen if available. It was thoughtthat these
might reveal a more diverse and abundant mycoflora than intact, recently
shed leaves. Certainly thin and skeletonised material is far easier

to scan under the microscope; more light passes through and the projecting
sporophores of aquatic hyphomycetes are easier to see. However, since

few leaves were available, not all of those collected were in this 'ideal'

condition.

4.3.3 Laboratory methods: preparation of materials.

-

During sampling all materials were kept as cool as possible and
on return to the laboratory were placed in a 9°C cold room until they

could be processed.

Water samples: pH measurements were made immediately on return to the

laboratory. The water collection bottles were thoroughly shaken before
about 200 ml. was withdrawn and the reading taken.

Filtration of the water was then carried out to remove all suspended
spores from a known volume of water. The equipment available was a
2.5 cm. diameter "Millipore" filter apparatus with a 15 ml. funnel.
This was clamped to a one litre capacity Buchner flask; the suction being
created by a fast running tap. The filter discs used were also
"Millipore" with an 8 um pore size (Type SC). This large pore size
allowed a fairly rapid filtration of the water sample whilst retaining
particles of the appropriate size range on the surface of the filter disc.
(Ingold & Webster 197 b).

Usually two filter discs, sometimes three, were prepared from
each site. Because of the variable amounts of suspended material present
in the water samples - particles of dirt and algal cells for instance -

the volume that could be filtered through a simple disc varied from site to
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site and on different dates. The retention of too thick a layer of fine
debris slowed down filtering considerably and made observation of the
stained disc very difficult.

For instance: the cloudy water collected from Site A very
rapidly clogged the pores of the filter and built up to a thick dark
brown layer én the surface. The volume that could be passed through
filter without totally obscuring it was therefore very low, only 25 or
50 ml., and an extra filter was taken.

At Site B on the River Wear the density of algal cells was
consistently high: large numbers of these cells built up as a green
layer on the filter surface, obscuring any spores present and restricting
the amount of light tﬁat could pass through the stained filter. Low
volumes of water were therefore passed through each disc, usually 50 ml.

Conversely, at Site C the amount of suspended material was rather
low; the number of spores retrieved was also low therefore a relatively
large volume was passed through each filter, usually 200 ml.

At Site G the density of spores was often rather high and the volume
filtered per disc had to be reduced so that the spores could be seen and
counted easily.

After filtration was complete, the filter discs were carefully
removed from the apparatus so that no harm was done to the surface layer
of material. They were placed in glass petri-dishes and carefully
flooded with a dilute solution of lactophenol cotton blue - a dual purpose
preservative and stain colution. Care was taken not to dislodge any of
the material embedded in the surface of the disc. The lactophenol cotton
blue not only fixed the t;apped spores but made them easier to see by
staining them blue, and by rendering the background filter disc more
transparent. After 24 hours staining was sufficient, but the discs could

be kept moist in the petri-dishes for some time without deterioration.

~
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However, dried out discs were almost impossible to see through, so the
liquid in the petri dishes was never allowed to evaporate completely.
The easiest disc observations were made with damp discs, neither dried
out nor flooded with staining solution. Lactophenol cotton blue
stained.all the living material caught on the filters as well as some
of the non-living particles. Aquatic hyphomycetes spores are of such
distinctive shape that they were easy to pick out amongst a mass of
algal cells or other debris,as long as these did not actually obscure

them. g

Foam samples: these were left to stand until all the bubbles had

subsided (one to several hours). The resulting liquid, usually about
10 ml., was poured into a snap~top specimen tube where it was fixed with
an equal volume of formo—-acetic alcohol. A few drops of lacto-phenol
cotton blue were added to stain the spores; this staining was adequate
after about 8 hours. - Foam had to be looked at within 36 hours, because
if it was kept longer than this the spores shrank and became deformed,

making identification difficult,.

Leaf Samples: Leaves from a single site were rinsed gently but thoroughly

under running tap water to remove dirt, debris and animals.

Semi-sterile conditions were preserved throughout the leaf disc
preparation - mainly to prevent cross contamination of samples. Each
leaf was laid on a pad of clean tissue overlying a new heavy plastic bag:
this stopped the leaf from slipping. Several discs were then cut from
each leaf available, using a flamed cork-borer of 0.5 cm., diameter.

Since suitable material was far from abundant it was not possible
to select the position cof discs within the leaves randomly.. Not .all the
leaves from the same site were of a similar condition. Usually between

3 and 10 leaves were retrieved from each site. Both green and brown leaves
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were found. All were obviously summer=-shed but some of these were

almost wholly skeletonised whilst others had only small areas of thin

or skeletonised tissue. Where the whole leaf was thin and/or skeletonised,
leaf discs were cut from several areas of the leaf. However, when leaves
had only small areés of suitably decayed tissue, leaf discs were cut from
these. If ﬁore discs were required some of the thicker, less decayed tissue
was sampled.

All the discs cut from the leaf sample from a particular site were
temporarily placed in a sterile petri dish - using flamed forceps - and
then sorted out so that 'mixed' samples of leaf tissue were used in various
techniques. This was to help prevent apparent differences in the mycoflora
revealed by the diffefenf techniques being due to a comparison of leaf
materials of different condition. In some cases the leaves were so
fragile that portions had to be cut from them with flamed scissors: these
pieces were then treated in the same way as discs.

The discs to be used for direct observation were placed immediately
in a dilute solution of lactophenol cotton blue contained in small snap-top
specimen tubes. At least five discs from each site were preserved on each
occasion.

Two types of incubation of leaf material were used to encourage the
sporulation of any aquatic hyphomycetes present and to allow them to be
identified.

This was the .procedure adoptéd for the leaf discs from each site;

In the water incubation five discs were placed in each of three'
sterile petri dishes half-filled with water. This was filtered stream
water from the appropriate site.. After the filtration of each water
sample for suspended spores this once-filtered water was re~filtered using

0.22yu pore size discs. The first filtration removed most of the larger

particles suspended in the water, whilst the second sterilised the water.
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These plates were then placed in a 12°C constant tempeature room:
one was removed after 3 days, another after 7 days and the last after 10
days. The leaf discs from each plate were transferred to specimen
tubes containing the combined preservative and staining lactophenol
cotton blue solution ('Full strength' stain diluted considerably with
lactophenol).

For incubation on the solid medium: five discs were placed (using
sterile forceps) on each of three sterile plates of ISA. These were
also incubated 2t 12°C for 3, 7 and 10 days. Each set of five discs was
removed to lactophenol cotton blue, whilst the plates were retained to
observe any fungi growing out across the surface of the agar.

Discs preservea in this way from the water and ISA incubations were
suitably stained for observation after about 24 hours. However, as long
as they were not agitated or disturbed, these samples could be kept for
some time before the discs were scanned without any damage or distortion.
This allowed the scanning of various materials to be spread out over time -
the foam being observed almost immediately, the filters within a couple of
days, and the preserved leaf samples after that.

Plates were scanned as soon as possible but were stored in a

domestic refrigerator at 4°C unless this could be done immediately.
4.3.4 Laboratory methods: observation and recording

Filter. discs: these were ready for observation after about 12 hours.

By this time the stain had penetrated the spores — and other living material -
sufficiently for them to be seen as bright blue objects against a pale
blue, semi-transparent background.

A whole filter disc, debris side up, was mounted on a conventional

microscope slide and covered with a large coverslip (22 x 64 mm),
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The whole area of the filter disc was scanned, using strong
transmitted light, at x 150 (a combination of x 10 objective, x 10 eye-
piece and a x 1.5 tube correction). Each spore found was recorded.
This gave data on both the numbers and species of fungal spores from a

known volume of water.

Foam samples: A drop of stained foamliquid was removed from the bottom

of the specimen tube, where debris and spores had settled out. This was
moun ted on'a microscope slide under a 22 x 22 mm coverslip. The whole
area under the coverslip was scanned using transmitted light and a x 10
objective, It was sometimes necessary to increase the power for more
detailed examination of the spores.

Each aquatic hyphomycete spore found was recorded. If few spores
were found in a single mounted drop, another was scanned.

These records are qualitative: they show what proportions of
different species of aquatic hyphomycete spore occur in foam, This is
a function of both the total spora of the site and the selective nature

of spore removal by bubbles.

Leaf discs and plates: After sufficient staining, leaf discs were

carefully removed from their preservative liquid, and placed on a 22 x 22 mm
coverslip. This coverslip was then inverted over 2 parallel glass strips
which had been glued about 2 cm. apart to an ordinary flat glass micro-
scope slide (See fig. 4.10). _ This allowed‘thick specimens to be viewed
without visual distortion, and without squashing the material.

The whole area of each disc was scanned at x 150, both for loose
spores and those attached to sporophores., Strong transmitted light was
used.

When the leaf discs were of well-skeletonised tissue, detection

and identification of spores was relatively easy. When the leaf material
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was thicker it was sometimes necessary to scan both sides of the disc,
and much stronger light had to be used. Some of Ehe leaf tissue was
still living and stained blue; this made detection especially difficult.
For all disc¢s quite a depth of field had to be scanned to make sure that
no spores or sporophores were missed. The preéervative liquid frcem each
pot was also examined to ensure that spores had not been dislodged.
Fortunately this was seldom a problem,

In recording the spores and sporophores observed on the surface of
each disc Suberkropp & Klug's density scale was used. These give 'a little
mre ipformation on the abundance of each species found than does a simple
record of presence or absence. The scale is given in Table 4.5.

The agar surface of each incubation plate was scanned at x 150,
after the 1eaf discs had been removed. No staining was necessary buﬁ Fhe
condenser iris was closed down consideraBly to create more interference

and improve observation.

The data obtained from these various techniques is set out and
discussed in the following chapter. . Comments are also made on the

limitations of the sampling programme and methods used and what effect

these have on the value and interpretation of such data.
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5. RESULTS, DISCUSSION AND CONCLUSIONS

5.1 Introduction

My aim in this presentation of the results and conclusions from
the sampling programme is not omnly to extract biological information
from the various data collected, but also to show what insight into
choice and use of various methods can be gained by devising and executing
a short term practical study such as this.

My initial aim in pursuing the field study and in inteépreting
the results was obviously to find ou; what I could about the biology
and ecology of aquatic Hyphomycetes in the Durham area. However, as
the study progressed and the data was assessed, I found that what I
could not do, and what I could not conclude - because of both practical
and blological constraints (see 4.1 and 4,2) - revealed as much to me
about the ecological investigation of a group of organisms, as the
‘useful ' data did about the aquatic Hyphomycetes that were my p;rticular

concern.

In the first main section of this chapter, 5.2., all the results
from the field study are presented and commented on. First (section
5.2.1), all relevant data is set out in full (Tables 5.1 to 5.6) and aliso
in summary (Tables 5.7, 5.8, 5.5) with general comments on what was
found, and on the various difficulties that made collection of data
troublesome or impossible.

Secondly, in section 5.2.2, the data is examined in more detail:
possible and actual comparisons between sites, dates and methods are
made (see 4.2). General comments are made in this section on the
u;efulness of the data. Obviously the way in which the programme was

constructed (4.2 and 5.3), the abundance and condition of the
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materials collected, and the expertise with the various techniques
were carried out, all have a bearing on the quality of the da?a they
helped to produce.

Section 5.2.2 is accompanied by a summary diagram, Fig. 5.2. This
sets out various factors that may influence both the actual and the
‘revealed' flora and spora of flowing waters. In the top half, various
features of a sample site's 'environment' are set out. Such features
help determine which species grow at tpat site, and with what success;
also what spores may be retrieved from that §i£e. The bottom half of
Fig.5.2. illustrates various features of the present programme, some
controllable, others not, which influence how accurately we perceive

the flora and spora sampled at a particular site.

In the second main section of the Chapter, 5.3., an attempt is
made to draw general conclusions about the biology and ecology of
aquatic Hyphomycetes in the Durham area. The various constraints
that affeét the planning, execution and interpretation of a practical
ecological investigation are briefly explored, with illustrations from
the present study. Suggestions are made for improvements to the

present programme.
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5.2, Results from the Field Study

5.2.1, General comments on data and methods.

5.2.1.1. Site Data:

During the course of the field sampling programme the water
temperature at each site dropped between 2 and 5°C as autumn approached
(Table 5.2). The main river sites, with their larger surface area exposed
to sky and sun, were almost invariably warmer than the other_siteé;
whilst the effect of shading was particularly noticeable in the lower

temperature recorded from Sites A and G.

The pH values obtained during the sampling programme (Table.S.l)
were higher than the 1976 averages given by the Northumbrian Water
Authority for Sites A to F, This may have been a seasonal effect or a
constant discrepancy in my recorded values (although the machine used
was calibrated before each set of readings). The relationship between
the sites reflected in both sets of pH data was the same, however, with
Site A being the most alkaline and Site B being the least alkaline of the
Authority sites. The alkalinity of Croxdale Beck was also reflected in
the larger amounts of calcium carbonate measured at that site (Table 5.3).
The pH at Site G was remarkably constant and less alkaline than at the
other sites: perhaps acid leached from the many beech leaves reduced the

pH of a naturally more alkaline water.

Abundant organic particles were found suspended in Croxdale Beck
water. This feature was reflected in three of the measurements given in
Table 5.3 (a selection of data from the more detailed information provided
by the Northumbrian Water Authority). Not only were the values for total
solids much higher than those from the other sites (about 3 times as

great, in fact) but the values for nitrate (nitric N) and phosphate were
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also higher because of the increased organic content of the water. This
site appears to be somewhat more eutrophic than the others.

A certain amount of pollution was-also indicated at Site C, where
nitrogen (as ammonia) and the biological oxygen demand (B.0.D.) were
higher than at the other sites, and the dissolved oxygen content a little
lower.

It was not possible to make comparable measurements to those given
in Table 5.3 on the water from Site G. The lower pH indicates water of

a rather different character.

The rainfall figures for the duration of the programme are given in
Table 5.4. The dates of each field sample are indicated. The first main
sample was preceded by a dry spell. All the others were preceded by a
certain amount of rain; the third sample on the 24th of August following
a particularly heavy fall. The effects of this heavy rain on the filters

taken varied considerably (see below).

5.2.1.2, Foam and Filter Data.

Detailed data of the foam and filter sporas is set out in Table 5.5,
whilst summarized data can be found in Tables 5.8 and 5.9.

Tables 5.5a » g (which can be found with the separate data and
results sheet at the back) have been set out to allow easy comparison of
species and numbers between dates, methods and sites.

Each site table has the same species list - the combined spora and
flora from all methods throughout the programme. Although the volume of
water filter and 'observed' for spores differed between sites and dates
the records for Sites A to F give the total number of épores per 400 mls,
Obviously this means that for sites where a small volume (50 or 100 mls)
was scanned the numbers are rather artificially bulked up. If indeed,

400 mls had been scanned each date and at each site the number of species



recorded might have been slightly higher for those sites with sparse
records. However the most common species recorded from such sites would
probably have been the same,

The fungi listed in Table 5.5 (and 5.8) are almost exclusively

aquatic Hyphomycetes. T. splendens to C. aquatica all have tetraradiate

spores; F. curvula te C. pellucidum are the more common filiforms;

H. lugdunensis, C. stellata and D. aquatica have less obvious projections;

whilst Entomophthora onwards is a miscellaneous group of rare, unknown or

non—-aquatic Hyphomycete species.

C. pellucidum is the only demiataceous (dark coloured) species

included. Entomophthora is included because of its distinctive tetra-
radiate shape. The unknowns A, B, C and D have been recorded préviously
whilst the K-shaped and H-shaped spores shown in Fig. 5.1 have not:
these cannot be identified as either algae, or of zoological origin.
They are withn the same size range as aquatic Hyphomycetes and their
simple branched structure suggests that-they may, in fact, be aquatic

Hyphomycetes.

Other spores were occasionally encountered in foam and on filters,

though not with any frequency. TFor instance, the disinctive spores of

curved spores of Fusarium. An unknown crescent—shaped ? propagule with
two regularly positioned septa was also observed in several samples.
These had a 3-dimensional twist to them (see Fig. 5.1). They could not
be identified as fungi, algae or of zoological origin.

Other objects similar in shape and size to certain aquatic Hyphomycetes
were found, and identified with the help of a algologist and a zoologist.
Most striking were the clusters of crescent shaped propagules characteristic

of the alga Ankistrodesmus falcatus; also the dark-staining chaetae shed

by species of Naididae (rather small aquatic worms) which are highly

reminiscent of the 'spurred' spores of Centrosporina acerina and
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Figure 5.1.

A Tetracladium marchalianum spores on filter disc: x 600

B Tetracladium setigerum spores on filter disc: x 600

c Articulospora tetracladia f. tetracladia on filter disc: x 600
D Articulospora tetracladia f. angulatum on filter disc: x 600

E Tricladium splendens spore on filter disc: x 150

F Flabellospora sp. growing on 18A plate: x 600

G 'H' spore on filter disc: x 600

H 'K' spore on filter disc: x 600

I Unknown crescent (showing septa) on filter disc: x 600
J Unknown crescent (showing 3-D shapef on filter disc: x 600
K Ankistrodesmus falcatus on filter disc: x 600

L Worm chaetae on filter disc: x 600

M Altenaria spore on filter disc: x 600

N Entomopthora spore on filter disc: x 600

0 Cladosporium sporulating on plate: x 150

P Mucor: collapsed sporophores on plate; x 150

Q Fusarium: group of spores on plate: x 150

R Aureobasidium: sporulating on plate: x 150
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Calcarispora hiemalis. (See Fig. 5.1)

Keeping filter volumes constant within each site was not always
possible and for ease of scanning it was necegsary to alter the volume
of water filtered per disc from site to site to accommodate individual
problems encountered.

At Site A the filter volume was small because of the huge number of
brown and black particles clogging the surface of the filter. Scanning
these disﬁs was extremely tedious because of the small number of épores
encountered. There were quite a few algal cells though nowhere near the
density encountered on the filters from the main river sites. Site A
filters were particularly dirty after the heavy rain (24.8.1977). Fﬁngi
were always scarce - only 3 of the 5 samples revealed any at all, though
the volumes filtered were perhaps a little low at this site,

The filter volume had to be reduced at Site B because of the heavy

density of algal cells trapped on the surface of the disc. The algae,

]

dominated by the regular pillbox shaped cells of the unicellular
.gzclotella, formed a complete mosaic over the filter. Any spores showed
up as slightly denser blue bodies, their branched forms contrasting
strongly with the round algal cells. These were few and far between,
however, and none were found in the first two samples.

The filter volume used for Site C was a compromise betwwen reducing
algal density - which was not quite as high as in B or F - and recording
low numbers of scattered spores. Again, one sample revealed no spcres
at all.

Density of all particles was much reduced at Site D; to make scanning
less tedious the filter volumes were increased. Algae were quite
abundant again; a variety of diacoms were interspersed within the

dominant Cyclotella. Foam sporas were also recorded at this site. Algae

did not occur in any numbers in the foam,and amorphous debris and fungal

spores made up the bulk of the particiles. The record for this site was
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complete, in contrast to A, B and C; a greater variety of spores was
revealed in the foam than on the filter.

A complete record was also obtained from Site E, the only "large
volume" site with a good variety of spores recorded. The filter volumes
were kept fairly low because of algae. Again the stacked piles of
Cyclotella were dominant.

Site F filter volumes also had to be kebt low bécause of heavy
densities of algal cells. Again fungal spores were very few and far between,
making scanning extremely tediousi No records were obtained for two of
the sample dates.

A complete and very full record was obtained for the woodland stream
Site G. Foam and scum were sampled and two extra filter samples were taken,
one in July before the main sampling programme got under way and one
between the official sampling dates of 18th and 24th August, straight
after the heaviest rain. The volume filter varied somewhat from sample
to sample. High volumes meant that far too many spores were 'piled' on
the disc, overlapping each other and becoming entangled. Algal cells
were frequent but fortunately never abundant., This would have led to
extremely crowded and diverse discs. This was the only site where algae
were not particularly dense and Cyclotella did not dominate the disc.

For the last sample (8.9.1977) the dominant species A-~tettacladia

was recorded according to its spore form. Thus A-tetracladia: f. angulatum

(associated mainly with semi-aquatic habitats) and A-tetracladia f£. -

tetr301adia_were recorded separately. The split was almost equal: out

of a total of 103 spores 50 were tetrahedral and 53 had the Tricladium-like
spore shape.

In Table 5.8 a complete species list is presented and records of
species from each method are set out clearly for each site, with the
total number of species revealed by each technique over the whole

sampling period being shown. No indication of abundance is given. Filter
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and foam data form the bulk of these records. '
In Table 5.9 the most common species recorded at each site for each
method is given. Additional information on maximum and minimum abundance
is given for both foam and filter. A glance at the spore and species
totals for all sites shown in Table 5.5 shows that the maxima and minima
for both spore abundance and species diversity (not used in the specialized
sense) coincide. That is, the date on which most spores were recorded
from Site A, for example, was also’'the date on which most spgcies-were
recorded. Conversely the date on which leéstSpores were found was also
the date on which least species were recorded. These dates are not the
same for each site, however. In fact the maxima for Site E, for example,

occur on the same day as the minima for Site G.

5.2.1.3. Leaf Disc Data.

Records of. growing and sporulating fungi and of impacted spores
observed on the surface of leaf discs preserved befeore and after lab.
incubation are presented in detail in Table 5.6 (at back). Leaf material
was collected on two occasions from each of five sites. A separate sub-
table is presented for each site éhowing the species observed on each
of the leaf discs subjected to water and ISA incubations, as well as on
those preserved immediately for direcf observation. Densities are
indicated on a scale O to 3 (see Table 4.5). Observations from the solid
ISA plates after the leaf material had been removed are aiso included.

In Table 5.7 this detailed information is condensed. A record of
all species observed growing and sporulating on tﬂe leaf discs ('loose
spore' records are not included) is given for each site, treatment and
‘'stage of treatment. No indication of abundance is given. This table
allows a rapid survey of differences in the floras revealed by collection
from different sites and by the use of different observation techniques.

Records from leaf disc observaticns are also included in the complete
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species list given in Table 5.8. Species found sporulating on discs or
on plates are indicated for -those sites where leaf collections were made.
No indication of abundance is given.

In Table 5.9 the most common species from each observation technique

is recorded for each site.

Several difficulties were encountered in obtaining fungal data from
the leaf discs. |

I had realised that shortage of .suitable material would lead to leaf
discs of rather mixed condition being scanned. For a particular site on
a particular date 'mixed' samples were prepared with discs of different
condition being distributed as evenly as possible between the various
treatments and treatment stages. The proportion of 'ideal' tissue (rather

thin or skeletonized) differed from site to site and on the two sampling

Much larger samples (collected and/or scanned) would have ironed
out some of these differences and made the records more representative
and a more rigorous type of comparison possible.

Ease of scanning varied greatly. This could be due to original leaf
condition, site condition_(esp. Site A) or incubation conditions.

For instance, the leaf discs from all sites were either thick and
blue staining - perhaps with patches of skeletonization; almost completely
skeletonized; or of thin yellow tissue. The blue staining spores and
spcrephores projected into the well illuminated spaces of the skeletonized
tissue and were easy to spot and identify. Blue staiued sporophores and
spores showed up sharply against the réasonably well illuminated thin
yellow tissue. However, these blue objects were rather difficult to see
against a blue staining background which did not allow much light to pass

through.
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The distinctive shapes of the aquatic Hyphomycete spores did help
somewhat in picking them out against a background of blue leaf cells but
it is likely that some were missed. The importance of this may be
diminished somewhat in that such material bore a very sparse flora (if
at all). It would only be a few scattered sporosphores and spores that
were missed. Dense groups ware rare and easy to pick out.

Site A leaf discs were extremely difficult to scan. In spite of
careful washing, as layer of fine debris remained on the surface, having
been trapped there from the dirty water. A larger proportion of the
leaves recovered were thick with very small areas of thinner or skeletonized
tissue,

There were also difficulties which arose during incubation.. No anti-
biotics were added to the solid ISA plates. This was not important in
those plates incubated for only three days, but occasionally bacteria
affected the discs and plates incubated for the longer periods. In some
cases parts of the discs and the plate were obviously overgrown by bacteria.
"In others the bacteria involved was capable of eroding the agar beneath
and around the disc. It was obvious that the bacteria had been introduced
with the leaf because of the very localized erosion in the immediate
vicinity of the disc which sank into the pit thus formed and was extremely
difficult to get out undaﬁaged. This happened to material from each of
the sites and is indicated on the tables.

Another problem, not appreciated until too late, was the proliferation
of algae on a few of the leaf discs incubated for the longer periods.

The constant temperature room was permanently illuminated and I had not
taken the precaution of covering the incubated plates.

This was a problem at Site A, with leaf discs from the 7 and 10 day
incubations having obvious surface algal growth, This may have obscured

or competed with the fungi to a certain extent.

Obtaining data from Site A was therefore a particularly daunting task
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with thick leaf tissue, embedded dirt and bacteria and algae either
obscuring the fungi or restricting their growth.

Some of the Site C discs (especially from the first sample) were
affected by bacteria. Unfortunately the direct observation discs scanned
from the second sample were all very thick and no spores were observed,
although the number to be observed was probably very low.

Site D leaf discs revealed z rather different .-flora to that of the
other sites. Many of the discs cut from the 24.8.1977 sample weré not
skeletonized but very thin and yellow. It was particularly obvious from

these easily scanned discs that T. marchalianum grew profusely on the

lamina of the leaf whilst the other species observed on discs from this
and other sites grew from the network of veins. It was also very obvious

from this sample which of the sporulating T. marchalianum observed were

part of 'established' colonies and which had developed from spores which
had germinated during incubation. The established colonies were compact
little clumps whilst the germinating spores produced scattered, solitary
sporophores, not aggregated into groups. This germination was observed
on the day 7 and 10 15A incubations.

Site E material differed from that of other sites; all of it was
very thin and skeletonized. In fact some was so delicate that it had to
be cut into pieces with flamed scissors; punching discs was not possible.
This meant that the disc and pieces were fairly easy to scan but extremely
difficult to handle. Bacterial erosion, especially on ISA day 10
incvbations made it almost impossible to remove the material from the plane.
Algae proved a problem, but only on water incubated discs from the second
sarple.

A much wider range of fungi were recorded from Site G. Although some
bacterial erosion affected day 1O ISA incubations, there was no obscuring
of discs by algae or debris. Quite a mixed sample of material was

obtained from both collections; this was either fairly thick and blue or
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well skeletonized but not too delicate. Some of the details of leaf
disc condition and the abundance of fungi recorded are noted below:
1st sample, 24.8.1977

Direct observation:

Dl, D2 - aquatic Hyphomycetes recorded, leaf material well skeletonized.
D.3, D4, D5 - aquatic Hyphomycetes not recorded, leaf material blue
staining and entire
Water incubation:
Day 3 D1, D2, D3, D4 - good aquatic Hyphomyéete recordé, leaf material well
skeletonized
Day 7 D1, D2 - aquatic Hyphomycetes recorded, leaf material well skeletonized.
D3, D4, D5 - no aquatic Hyphomycetes recorded leaf materiallthick and

blue staining
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5.2.2 A more detailed look at the field study data: potential and

actual comparisons.

5.2,2.1 Introduction

In 4,1 certain aspects of the practical study of fungal ecology
were discussed, along with special problems encountered in the study
of microfungi in general, and aquatic Hyphomycetes in particular. The
practical and theoretical consideratiions which influenced the construc-
tion of the present field and laboratory programmes were set out in
section 4.2, whilst various factors which affected céllection of both
materials and data during the ;ourse of the study were commented on in
5.2.1.

All of these fators and considerations affect the uéefulness of
the data collected (see Fig.5.2). They place limits on how rigorously
comparisons can be made, and what confidence (in both the statistical
and everyday sense) can be placed in any of the conclusions drawn.

One of the major factors limiting the usefulness of the data
emerged after I had compared the practical work and had had time to
consider both the data and the literature more fully.

Since too many comparisons had been envisaged, the data was
rather thinly spread out, with a small volume of information on sporas
and floras being available for several different sites on several
different dates. No statisticul framework had been built into the
programme. The inclusion of statistical considerations at the planning
stage might have produced a nore conci;e programme. As it was, decisions
on the number of sampling dates, the numher of sites sampled, the number
of leaves collected, etc., were based on a ccmbination of practical
expediency and a wish to carry out and present an interesting and
féirly varied study. Much more thought had been put into the collection
of the data than into how it was going to be uéed to arrive at any

significant conclusions.
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This lack of a statistical framework, combined with scattered
data drawn from highly variable sources over a short period of time,
means that the following comparisons are not statistically based.
Although certain differences and similarities emerge clearly they cannot
be rigorously upheld and the source of such similarities and differences
cannot be as easily identified as in a programme where the amount and
type of data collected is related to its ultimate analysis, and where
various known and unknown sources of variatiop are eliminated or taken

into account.
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5§.2.2.2 Comparisons between sites

Certain comparisons were envisaged when the present field investi-
gation was planned, influencing the way the programme was constructed
(4.2.). The most o?vious of these were the comparisons that might be
made between varjious lotic sites selected for study. It was thought that
differences in the character of the sites might be reflected in the
aquatic Hyphomycete floras and sporas tﬁey were found to support.

éeven lotic sites were chosen (4.2, 4.3). Two of these wére located
on the River Wear itself (Sites B and F), two on tributaries close to
their confluence with the Wear (Sites A and C), two on tributaries
further upstream from the Wear (Sites D and E),and one on thbe 'éelf—
contained' stream in Little High Wood. Certain differences in width,depth
and volume were obvious at the start of sampling, whilst other differences
in shading, availability and condition of leaves, and in the ¢quality and
chemigtry of the water, etc., were revealed during the course of the
study through observation, measurement and research (see 4.3 and 5.2.1).

All the sites had to be potentially favourable to the occurrence of
aquatic Hyphomycetes and they thus resembled each other in various ways.
At or near all the sites tumbled stones or obstructing branches created
turbulent flow. At or near each were wooded banks, with various species

of tree overhanging the water. Sycamore (Acer pseudoplatanus) was

always one of these species and provided the summer-shed leaves collected
at Sites A, C, D, E and G. All were situated rather close té each
other (see Map 4.2), and with the exception of the woodland stream all
sites were on runuing waters belonging to the same river system.

The data from the various sites on their aquatic Hyphomycete floras
and sporas is presented in Tables 5.5 to 5.9. This data can be con-
sidered in a variety of ways, as can the information accumulated on the

character of each site (see 4.3, 5.2.1 and Table 5.1, 5.2 and 5.3).
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Interesting and potentially important information on the overall
abundance of aquatic Hyphomycete spores and growing fungi,and on the
dominant members of the flora and spora, can be culled from the various
aquatic Hyphomycete records.

The composition and abundance recorded at each site were not those of
the actual flora and spora, but provided more or less accurate reflection
of the true situation. The accuracy of this picture depends on a combinatio:
of many factors, such as appropriate choice and range of observation
methods and availability of suitable material, etc. (see Fig. 5.2 and 5.2.1).
The composition of the actual aquatic Hyphomycete flora.and spora depends
on a complex of site characte?is£ics, some of which are set out in Fig.5.2
and some of which were observed and recorded in this study.

In searching for possible explanations for differences cbserved in
the aquatic Hyphomycete composition of the various sites, both the site
characteristics and 'experimental influences' must be taken into account
or at least kept in mind. For example, the dirt covered leaf material
retrieved from Site A was extremely difficult to observe. This may have
prevented some of the fungi present on the surface from being detected
In addition, the competition for substrate space experienced by aquatic
Hyphomycetes trying to colonize such dirt collecting surfaces may have

discouraged germination and growth.

In getting some idea of the general abundance of aquatic Hyphomycetes,
both as spores and as growing fungi, the most useful data are those
presented in Tables 5.5 and 5.6.

It is immediately obvious from the filter records (5.5) that spore
numbers (per unit volume of water) were far greater for the woodland
streamsite, Site G, than for any of the other sites. In spite of large
variations - from 24 to 824 spores per 100ml filtered- the densities
from this site were consistently higher than thoée recorded from any

of the other sites.
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Sites ﬁ and F and Sites A and C, never produced densities higher than
10 spores per 1000ml.(40 per 400ml.) less than half of the minimum
recorded for Site G. Also, none of these sites had complete records;
on one or two occasions no spores were recorded at all.

Spore numbers for Sites D and E were a little higher, and their
records were complete. Here the highest densities were 106 per 400ml.

(Site D), and 116 per 400ml., about the same as the minimum densities

recorded for Site G.

Looking at the leaf disc data it can be seen that tﬁe number of leaf
discs colonized by aquatic Hybhoﬁycetes, the.number of species found, and
the densities at which they were found, all combine to give an idea of
overall abundance,

Here growing fungi are being considered (although loose spores
obserxrved on the leaf surface are recorded, as '0'). The best picture
of the active flora is likely to be given by the records from direct
observatioﬁ and the 3 day incubations. '

Differences between sites, in terms of abundance alone, are much less
pronounced than in the spore data, Site A, however does appear Lo have
a particularly meagre record,whilst Site G boasts better records for the

direct observation and 3 day incubated material than do the other sites.

In considering the species composition of the floras and sporas of
the various sites, information on the number and identity of the species
found is given in Table 5.8, whilst information on the relative importance
of the various species can be gleaned from the detailed records presented
in Table 5.5 and 5.6.

Only the sporas of Sites B and F are available for assessment and

comparison. Seven species were retrieved from B, and six from F, five
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of these being in common. Only Tetracladium marchalianum was recorded

on each of the dates that species were found.

Although seven species of spore were also retrieved from Site A,
numbers were very low and only one, "unknown A" (Fig. 5.3) was recorded
on more than one occasion. Only two species were recorded growing on

leaf material, T.marchalianum and A.longissima. It is interesting to note

that two of the species observed as loose spores on the surface of Site A
leaf material were not picked up on the filter discs, Presumably the
density of these species was too low to show up in the volumes filtered.
Site C's spora was not only sparse'in numbers but also in species,
only four being found. However growth and sporulation of aquatic
Hyphomycetes was much more vigorous at this site than at Site A,and three

species were recorded, T.marchalianum, Anguillospora sp. and C.aquatica.

The data from Site D are a little more interesting. Here the filter
records of the spora are augmented by observations from foam. Seven species
were detected on the filter discs during the course of the study, whilst
nine species were concentrated in the foam. Of these only three épecies
were in common, the other six were not picked up by filter sampling,

presumably because 0ot their low concentration. T.marchalianum was again

rather common, being present in all but one of the filter and foam
samples, and being the most abundant in the majority of these.

T.marchalianum was also found growing on the leaf discs. Table 5.6d

shows that four species were observed on Site D leaf material, T.marchalia-

num and Tricladium angulatum being rather more common than the others.

Table 5.8 reveals quite a large species list for the Site E spors,

for _
muck larger than any of the other tributary sites. However, T.marchalianum,

the only species recorded on each of the 5 sampiing occasions, was also
the only one whose spores were found in any great number. Site E leaf
disé incubations suffered more than the material from other sites from
algae and bacteria. Four species of aquatic Hyphomycete were recorded

growing on the leaf material; T.marchalianum, again, had the largest number

of records.
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Not only was the abundance of spores revealed by both filter and
foam sampling much greater for Site G, but the number of specges making
up the sporawas much higher at this site than at any of the others.
In all, 21 species were found on filter discs whilst 12 were recorded
from "Qew') foam; 11 of these were-in common .,
Another difference in the spora of Site G and apparent from examination
of Table 5.5g, is that several species make up the bulk of the numbers

found. Heliscus lugdunensis, Tricladium splendens, Clavatospora stellata

and Articulospora tetracladia were particularly important. Not only did

these appear in large numbers, but apart from one occasion on which no

H.lugdunensis was found, all four of these aquatic Hyphomycetes appeared

in every single foam and filter sample taken.

The abundance ;f sporulating fungi observed on Site G leaf discswas not
very different from that at other sites. However, it is interesting to
observe the rather more prolific growth of both aquatic Hyphomycetes
and terrestrial fungi on the 18A incubated leaf discs for 9:9:77. This
was presum;bly partly due to less interference from bacteria and algae.

The range of species found at Site G was much wider, nine aquatic
Hyphomycete species and six species of terrestrial imperfect fungi being

recorded. Tricladium splendens was the species which appears to have been

the most successful on unincubated and water incubated material, whilst

Tricladium terrestre was the 'aquatic' Hyphomycete to show the most

growth on the 1SA incubated material.
Certain common features of the floras and sporas of the various sites
can be picked out from the data summarized in Tables 5.8 and 5.9.

T.marchalianum, for example, occurred in every single flora and spora

and its importance is further emphasized by its being recorded 16 out
of a possible 24 times in Table 5.9, noting its absence from the Site G
entries. No other species was recorded more that twice. Anguillospora
also had a fairly consistent record, being found-in all but one of the

sporas (Site D) and all but one of the floras (Site G). Heliscus lugdunensis
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appeared in the spora from all sites but was never recorded sporulating

on leaf material.

What features of the sites can be used to help explain the apparent
differences and similarities set out above? Not forgetting that some of
these.may have been exaggerated or diminished by sampling and observation
techniques and difficulties,and that some important parameter influencing
the composition and abundance of aquatig Hyphomycete floras and sporas
may not have been measured or observed. Table'é.G (at the back of the
thesis, and abbreviated to 2.6) will be useful in this discussion.

The waters sampled at Site G supported the most varied flora and
contained the most abundant amd varied spora. There are_severgl features
of this stream which might help explain this richness.

A low volume, self-contained woodland stream with no tributaries, it
was completely overhung with trees and the water was relatively clear.
Algae and dirt, therefore,did not compete overmuch with fungi for substrate
space. Shading also kept the temperature rather lower at this site,
which may have favoured aguatic Hyphomycetes, as may the locwer pH of the
water. The supply of leaves relative to the volume cf water was much
greater thanat any of the other sites; the whole bed and bank being
covered with various species of leaf. Runoff was from steep grass and
leaf litter covered banks. All of these features may have contributed to
the success of aquatic Hyphomycetes at this site. Certainly a combination
of fictors has produced a rather different flora and spora from that
supported by the other, less rich sites.

The spora is very large. Not only that, but some of the largest
contributors arc not members of the revealed flora of the sycamore leaves;

H.lugdunensis and C.stellata, for instance . There are two possible

explanations, which are nct mutually exclusive. Either the spores have
been washed in from the wooded banks which border the stiream or they
have becen released from the flora of othexr species of leaf submerged

in the stream.
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There is no way that the relative contribution to the spora of the
floras of 'stream and bank can be assessed from the present data . If

Nilsson's (N64) contention - that the spores of A.tetracladia f.tetracladia

are produced submerged whilst the spores of A.tetracladia f. angulatum

are produced aerially - is true, then the 50:50 split between the two
observed on B:9:77 suggests a 50:50 contribution,at least on that date.

Heliscus lugdunensis is another 'versatile' species and some of its

spores may have been produced on land. Certainly the projectionson the
clove-shaped spores were not always equally well defined.
All four of the species found to be common in the Site G spora are

well known and common aquatic.Hyphomycetes, A, tetracladia and H.lugdunensis

are particularly successful,being versatile species found in a variety of
aquatic habitates a5 well as land. Nilsson and Triska (2.6)'mark

A.tetracladia down as a common and constant species, as do Koske and Duncan

in their list of woodland species. H.lugdupensis was one of the most

comionr and ‘'ever present' species in the presumably rather similar self-
contained Qoodland stream in the Lake District studied by Archer and
Willoughby (2.6), whilst BHrlocher and Kendrick found it to be one of the
most important species in their study.

C.stellata is a temperate species which w;s reported from summer-shed
leaves in Triska's study (2.6). T.splendens was one of the common species
in Willoughby and Archer's woodland stream, whilst Nilsson reports it
as one qf the most coummon species in Sweden, and Koske and Duncan list it
as a common and constant species in woodlands.

It is possihle that the large number of A.tetracladia spores found at

site G,in contrast to its virtual absence from the other sites, may be
die to the lower pH at Site G. 1Igbal (1972) reports that tiie optimum pH
for sporulation in this species is 6.5-7.5. The pH at Site G was always

found to be 7.5, whilst the values for the other sites were always higher,

ranging from 7.8 (S5ite B) to 8.9 (Site E).
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The contrast between the waters sampled at Site G and those sampled
at the rest of the sites is reasonably obvious. However there are certain
smaller differences between the remaining (river system) sites.

The tributaries sampled at Sites D and E appear to have supported a
rather richer flora and spora than the tributaries sampled at Sites
A and C, in spite of the fact that E and C are on the same river (see
Map 4.2).

Both these sites were well overhung with trees, and the turbulence
was much greater than at any of the other sites. The 'revealed' flora
of Site E might well have been richer if the leaf material had not been
so delicate,and incubation sé affected by contamination. The actual
flora at this site was probably reduced somewhat by the very obvious and
rapid consumption of leaves by invertebrates. This was the.site at which
most animals had to be removed from the leaf material, which was, as
mentioned above, beautifully skeletonized.

The two less rich sites, A (on Croxdale Beck) and C (on the River
Browney) were situated on tributaries much nearer to their confluence with
the Wear (Map 4.2.). The volume at these sites did not appear to be
that much greater than that at the upstream sites, and this does not
appeaxr to be the cause of the difference. Certainly at Site A, the fine
particulate matter blanketing the leaves is likely to have severely
reduced the possibility of aquatic Hyphomycetes germinating and growing
on the leaf surface (NG4). It is much more difficult to put forward
an explanation for the reduced spora at Site C. The only obvious
difference between this and other sites was a slight reduction in the
availability of oxygen (and that was the mean over the year, not
measured at the time of sawpling).. Also the fact that the banks at the
site itself were clothed with dense stands of Impa tiens (see Fig.4 ),
_the overhagging trees and grassed banks being just upstream of the site
itself. Not quite as many lecaves were ever fouﬁd at this site as at the

others.
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The two sites, B and F, located on the River Wear itself show very
low numbers of both spores and species. Here the cause is likely to be
the ;elatively hugh volune of water receiving and 'diluting' spores
washed in from banks aﬂd swept in from tributaries. No leaves were
collected and observed so no assessment of the flora at these sites is

available.

The three most common species from the River Wear system sites were

T.marchalianum, Anguillospora sp.and H.lugdunensis} T.marchalianum was

important in the combined flora and spora of these siteé, Anguillospora

was important in the flora, ﬁhiét H.lugdunensis was a consistent member

of the spora only. The importance of this latter species has been

discussed. The obvious success of T.marchalianum in this particular

investigation may well have been slightly over emphasized due to its
presence on the leaf discs and medium of the 1SA incubations. It may
be that this species sporulates more readily than certain others under
these conditons.

In 2.6 it is recorded as a common species in nine out of the ten temper-
ate aquatic lists, where it is listed as a constant species, being
particularly common in summer. This fits in with its presence in these
late summer records. Probably all the Anguillospora recorded were

A.longissima but it is difficult to be sure from treated material and

without detailed measurement and comparison, certainly A.longissima is

also a well known and common species;being recorded in 5 of the 10 lists
in Table 6.

Igbal (1972) suggests that these two flora species,A.longissima and

T.marchalianum,are capable of colonizing new leaves using their simple

carbohydrates, + moving on to an exploitation of the more resistant
components as decomposition proceeds. This would help explain their

presence on the fairly recently shed summerleaves retrieved in this study.
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5.2.2.3 Comparisons between dates.

Since this was a rather short term study (10:8:77 — 8:9:77) it
was unlikely that any seasonal trends would be apparent in the fungal
records, despite the approach of autumn. In fact, practical work was
completed before the major autumn leaf fall had really started. The
leaves trapped and collected at each site could all be described as
summer-shed and the number of leaves available for collection did no§
noticeably increase as the study progressed.

However, examination of the data presen£cd in Table 5.5. shows that
quite large fluctuations occurred in-both the number of species and the
number of spores recorded for 5 particular site on the different
sampling dates. For instance, a look at the filter records for site G
(Table 5.5g) shows that the number of species recorded ranged from 7 to
18,.whilst the number of spores retriéved (pcr 1C0 mls.) ranged from 24
to 828,

These maxima and minima in both numbers and diversity are set out in
Table 5.9. On the whole each site appears to have reached these
independently. Of course more detailed records from larger volumes of
water might have refined the picture. Some of the variation may well
have been exaggerated by the relatively small samples taken.

One factor which might have been expected to influence variation in
both species and numbers at all sites, was the amount 6f rainfall. All
sites were close to each other and to the University Observatory
where rainfall was recorded. They all therefore experienced the same
amounts, or lack, of rain,

Rain can augment the aquatic Hyphomycete spora of a river or stream
in two main ways (already discussed in 2.2 and 2.3). Turbulence can
be caused or increased by rain falling directly in the water or by
increase in flow, and may stimulate spore production. Rain can also
increase both the number of spores and the numbe} of species entering

a stream in the run-off from adjacent terrestrial habitats. This
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contribution would obviously be greater from the leaf litter layer of a
wood than from grass or a cultivated field.

The actual effect of rain on the spora of a river or stream
would depend very much on the balance between the increase in volume
of water due to the rain, and the increased spore load due to run-off and
turbulence.

In a river such as that sampled at sites B and F there may be a
large increase in the absolute number of spores washed in from the
various tributaries, but the extra volume of water may be such that the
effect is one of dilution; the number of spores per unit volume being, in
fact, decreased.

However, in a small woodland stream (such as that sampled at site
G) where the increase in volume is from runoff alone, the increase in the
number of spores and species due to turbulence and runoff iay be balanced
against a relatively small increase in volume, and the number per unit
volume may increase.

The filter records from each site are not equally reliable.or en-
lightening. The most interesting figures to compare are those for
1B:8:77 and 24:8:77. Nearly 20 mm of rain fell between these two dates,
after quite a long period without prolonged rain.

Site A appears to show a dilution effect,whilst sites B andC show
an apparent increase in numbers per unit volume. Site D shows a
very marked decrease in numbers, its maxima occurring before the rainy
period, Site E shows a marked increase, its maxima occurring after the
rainy period. Site F shows an apparent increasc,as does Site G
immediately after the heaviest rain (in the extra sample taken on
21:8:77); by the regular sampling date (24:8:77) these numbers have

declined quite sharply.
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Although the numbers of both species and spores increased after rain
at Site G, the maxima were recorded on 16:8:77, after the dry spell.

The 'rain' increase could be explained by an increase due to both runofif
and turbulence. Perhaps the 'dry' increase was due to a concentration
of spores such as the volume of water decreased. Such a small stream is
extremely sensitive to changes in weather. The volume and rate of flow
fluctuated rapidly and widely with the amount of rainfall,

The above is a plausible explanation for variation between and
within sites but cannot be proved. A long term study, which
compared rainfall with spore load might reveal a patte?n for a particular
river or stream site. Howeer; other influences - particularly seasonal
ones - might swamp the effects due to rain.

It is interesting to note that although fluctuations in the numbers
of species and spores did not coincide at the various sites, there was &
synchronized effect on the density of algal cells observed on the filter
discs (Sites A to F).On 1:9:77 after a fortnight of rain, there was a
marked reduction in the density of algae. This wags probably due to
dilution, though grey skies may have contributed. Site A'g filters
also showed an increased density of dirt particles, presumably due

to the increase in turbulence observed after this rainy period.
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5.2.2.4 Comparisons between methods.

No single method of sampling and observation can provide a compre-
hensive aﬁd unambiguous survey of the aquatic Hyphomycete species to
be found at a particular river or stream site. It was for this
reason that a combination of methods was chosen when the sampling
programme was designed. The combination was intended to be complimen-
tary with some of the information being confirmed by more than one
method and some being exclusive to the particular method used:

The filter and foam sampling.methods were intended to reveal the
spora of the site. The combination of direct observation and short-
term incubation of leaf material was expected to reveal those fungi
actively growing on the leaf at the time of collection whilst,the
longer incubations were expected to give additional information on
inactive fungi present in and on the leaf.

Differences hetween the specieg lists revealed by each of these
methods was therefore to be expected, and it is interesting to observe
such differences in the data from the present study. Although the
volume of data from most sites is not large, certain differences do
stand out. The summarized information preéented in Tables 5.7, 5.8 and
5.9 is particularly useful in picking thege differences out.

For instance, looking at the complete species record in Table 5.8,
it is obvious that a far larger species list is provided by the 'spora'
methods of foam and filter sampling.

This is hardly surprising. Sampling the spora is much more likely
to reveal a larger number of species than sampling the leaf flora.

The spora is an aggregate of material imported from the surrounding area
as well as from aquatic Hyphomycetes growing in the immediate vicinity.

It includes species washed in from the adjacent terrestrial habitat and
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from any tributaries. This difference is particularly marked in the
records from Site G. Here 21 different species were picked up as
spores by the filter method, whilst only 9 were found growing on the
leaves.

A strict comparison between the filter and foam data is not possible.
Differences in the proportion of filiform and tetraradiate spores are
to be expected with the foam selecting in favour of the branched forms,
whilst the filter indiscriminately picks up all the spores suspended
in the volume of water collected. 7o make a proper comparisoh between
these two, however, records of the same order of magnitude should have
been made. If the filter had trapped 200 spores then the appropriate
volume of foam should have been scanned until 200 spores had been
identified. This would also have made comparisons hetween d;tes and
sites much more revealing.

It is interesting to note that whereas the foam spora for Site G
was much less rich than the filter spora, the reverse was true for
Site D. Fewer spores were suspended in the water of Site D; the foam
concentrated those present, giving a more detailed record. At Site G
thg spore load was much heavier. Foam accumulates more and more spores
the longer it persists. However the foam collected from Site G was
always a week old, or less, quite 'nmew'. The selection of spores trapped
by this relatively 'new' foam was much less varied and less representative
than the spore load revealed by £he filter method.

Although the filter method may miss the less frequent species it
seems to have much more to recommend it than the collection of foam,
particularly when the interest is in the ecology of the fungi sampled,
rather than in the compilation of a species list only. Foam cannot
always be found whilst filtration can always be done. Filtration also
provides a quantitative,unbiased survey of the spore load allowing

better comparisons between sites and dates (see 2.3.6.2).
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Examination of the summarized records
;n Table 5.7,and the more detailed data set out in Table 5.6 reveals
certain differences in the floras (and'sporas') recorded for each of
these different procedures. Again, the larger volume of diverse data
available for the richer Site G provides the most interesting material
for comparison.

Although it is easy to see that dififerences do occur it is not as
easy to attribute them to particular causes. It was pointed qut in
4.3 and 5.2,1 that the material retrieyed from each site was far from
uniform. As far as possible the leaf discs cut were sorted out so that
no one treatment would receive all skeletonized leaf discs, for instance,
whilst another received 21l thick, green disecs. It is not impossible,
“however, that in spite of this sorting, the leaf material varied enough
to produce quite large differences, sometimes obscuring or compounding
variation from other sources.

Table 5.7 shows that the number of species recorded for directly
examined leaf material from Sites A, C, E and G was smaller than that
for leaf discs incubated in water for three days. For Site D, a
greater density of fungi was recorded for the incubated material. This
short term incubation was indeed intended to augment the observations
made from unprocessed leaf material, by encouraging active fungi to
sporulate and be identified. The increases may be due to this
expectation being fulfilled.

Although the records for the short and long term water incubations
differ they do not do so in a consistent manner. Observations made
by Nilsson (N64) and several others suggest a decline in sporulation
after a few days incubation in small volumes of Water. Some evidence
for a decline can be seen in the data for Sites C, E and G but it is

impossible to confirm the cause.
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There is evidence that some species of aquatic Hyphomycete wili
not sporulate unless submerged in water, though other work suggests
that this may be due to the medium on which the fungil are grown(2.2.2.4). It
is interesting to note that although the number of aquatic Hyphomycete
species recorded from leaf discs incubated on the solid 1SA medium
was lower than from water incubated material, several species were
observed growing and sporulating on the medium itself, after the leaf
disc had been removed.
A particularly interesting feature of the flora recorded from Site G

was the appearance of Tricladium terrestre on both leaf discs and

the solid plate. This species is associated mainly with a terrestrial
existence, and was not recorded from water incubated material. (2.3.6.1).
More interesting still was the strange appearance of a species of

Flabellospora on a solid plate from Site C. This attractive fungus

was observed growing and sporulating at a very high density on the 1S8A
plate itself, but was not observed on any of the discs.

The most obvious differences between the species of fungi recorded
from the two types of incubation, was the presence of growing and
sporulating terrestrial imperfect fungi both on 1SA incubated leaf
material, and more especially on the solid medium itself. There were
no records of such terrestrial fungi sporulating on any of the leaf
material incubated in water.

The obvious inference is that these terrestrial species were present
in an inactive form either as hyphae, or more likely as spores, on the
submerged leaf material. All the species recorded ure very common
phylloplane and litter species and could have either been introduced
with the leaf as it fell into the water or washcd in as spores and
subsequently impacted on the leaf. Incubation oﬁ the solid medium then
encouraged their rapid germination, growth and sporulation. (3.3.2).

All the methods used to build up the picture of a particular site's

flora and spora concur over certain features. This is particularly



evident in Table 5.9 where the most common species recorded by each
method for each site is set out. Almost every record for the Sites

A to F is of the successful aquatic Hyphomycete Tetracladium

marchalianum, whilst the importance of Tricladium splendens in the

flora . . of Site G is confirmed by 2 of the 3 methods employed.

245
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5.3 Conclusions from the Field Study

5.3.1 Biological conclusions

This is a brief summary of the more detailed discussion of the data
presented in section 5.2.2,, vhere comparisons were made between the aquatic
Hyphomycete floras and sporas revealed at each site, on each sampling date,
and by each sampling method. Biological and practical explanations were
sought for the various differences and similarities observed,and any
conclusions drawn are subject to the cautions expressed in 5.2.1.

Seven lotic sites were studied. Differences were expected between the
three main 'categories' of flowgng ;ater: main river , tributary and
woodland stream., Becuwuse each had certain features associated with the
presence of aquatic Hyphomycetes, some similarities were also ekpected to
emerge.

The expectations were, on the whole, borne out by the data collected,
The self contained woodland stream (Site G) differed rather markedly from
the other sites in the relative richness and abundance of the aquatic
Hyphomycetes found in its waters. Its spora was dominated by four species,

A.tetracladia, H.lugdunensis, 7T.splendens and C.stellata; whilst T,splendens

and A,longissima were important in its flora. The relatively large supply

of the
of leaf substrate was probably one main factorsinfluencing the success of

aquatic Hyphomycetes at this site.

At sites A to F,the overall abundance of aquatic Hyphomycetes,and the
number of species found,was much reduced compared to the stream site. The
contrast was particularly marked between the sporas revealed by filtration.

Probably the most important factor influencing the number of &aquatic
Hyphomycetes found at the tributary siteswas the relatively small amount
of leaf material enfering a relatively large volume of water.

The flora and spora of Site A was also affected by dirt covered leaves.

The relatively huge volume of water receiving iﬁporteﬂ spores from
tributaries and via runoff provides the most likely explanation for the

sparsce sporas found at the main river sites,



Three important species were recorded from all six of the river sites
and can perhaps be regarded as characteristic of this part of the River

Wear 'system'. These were T.marchalianum (flora and spora), A.longissima

(flora) and H.lugdunensis (spora).

In comparing the variation in abundance and species of aquatic Hyphomycete
between sampling dates, no simple pattern emerged either within or between
the sites studied.

Certainly no seasonal pattern was expected, or‘emerged. A plausible
explanation for the variations, based on increase in both fiow and spore
production due to rain,was put férwérd. The balance hetween these two,
resulting in a certain density of spores per unit volume could not be
predicted, however,&the relationship proposed between amount and rainfall

and observed differences may be entirely spurious.

Certain differences were expected between the sporas and floras revealed
by the various.methods, and although differences did occur, they were not
always particularly clear cut.

QObvicusly the species and abundance of spores revealed by the filter and
foam methods differed greatly from the floras revealed by leaf disc observa-
tion methods, since a completely different aggregate of species was being
sampled,

In respect of the species found, foam appeared to the more informative for
a site with a low concentration of spores; whilst the filter sample appeared
to be more representative for sites with a higher concentration.

The shorter water incubations did appear to back up observations made on
unincubated material. However the 1SA incubations were rather different.
Smaller numbers of aquatic Hyphomycete species were recorded, even on leaf
material from the 3 day 1SA incubation. The ability of the longer incuba-
tions to reveal the inactive and largely terrestriai 'flora' of the leaves

was demonstrated quite well, however,
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5.3.2 Practical and Theoretical conclusions

5.3.2.1 Constraints on ecological investigations

Carrying out the present field study has led me to certain conclusions
about the pursuit of ecological research; some of the ideas explored are
discussed briefly below.

It appears that various constraints are experienced in the planning
and execution of an ecological investigation. There are two ma;n types
of constraint: those you can do little or nothing about, and those you may
be able to do something about. ' Both these types of constraint have been
discussed in Chapters 4 and 5, in the introduction to énd discussion of
the field study programme.

Good examples of the first type of constraint are: the time and money
available (general to research); the necessitiy for sporulation in the
identification of fungi; (general to mycological research); the necessity of
simulating environmental conditiens(in fungal ecology); and the availability
of suitable leaf material (this study).

Overcoming the second type of constraint depends on the use of good
ecological understanding and technique, that is,a combination of technical
expertise and a gopd background in both the theoretical and practical
aspects of aproposed study. Obviously knowledge without expertise and
expertise without knowledge are not as powerful as the combination, The
first is inevitable in a student new to ecological investigation; the second
should be avoided at all costs,

Ecological understanding is useful in appbreciating the 'true' or
'actual' situation,as illustrated in Fig. ©5.%,whilst practical knowledge
and expertise is useful in appreciating those facfors which influence the
'revealed' or 'perceived' situation, also illustrated in Fig.5.2,

Variation is the hall mark of things biological. Some variations are

of intercest to the ecological researcher, and are selected for investigation:
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for example the differences in aquatic Hyphomycete spora displayed by lotic
sites of different character. However unwanted variation due to a variety
of sources, both known and unknown,will also occur.

These variations are good examples of the second type of constraint.

To release the constraint 'unwanted' variation must, as far as possible,
either be removed or taken intocaccount. Thus in the present investigation
only one species of leaf was collected in order to study the aquatic
Hyphomycete flora of a particular site, and some unnecessary variation was
avoided. On the other hand the leaf material coilected was not-of uniform
condition, and since a comparison. between thick and skelefonized tissue, .
for example, was not envisaged,.thé variation it produced in the flora
recorded was unwanted.

In a laboratory study some of the variation can be controlled. For
instanée, the temperature of incubation can be kept constant. In a field
study this is not possible.

Statistics appears to be a powerful tool in overcoming.this second type
of constraint. Used (in a co-ordinated fashion) at each of the three
'stages' of an ecological investigation~field sampling, lab. processing and
data analysis - it can overcome unwanted variation.

For example, if more lcecaves had been available at each site, a random
sub-sample could have been taken from a larger sample of leaves, and the
material then available for observation and incubation would have been
more represenative. At the analysis stage of the investigation the use of
an appropriate statistical method of comparison would have distinguished

between real and apparent differences in the data being assessed.
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5.3.2.2 Alternatives to the present programme

The experience of carrying out the present programme revealed numerous
possible 'improvements' that could be incorporated at every stage of
planning, sampling and prscessing.

For instance, larger volumes of water filtered would give a better
picture of the aquatic Hyphomycete spora of a particular site, whilst a
larger number of randomly selected leaf discs observed would provide a more
accurate picture of the flora. More rigorous comparisons between fl;ras
and sporas would be possible with the more detaiied data thus obtained,

All these improvements, however, would make it impossible for the present
study to be carried out on the.samé time scale. However, several "condensed"
programmes arise naturally from the original investigation, with its three
main areas of comparison.

It would be possibléd, using improved methods of sampling, processing
and assessment, to produce an interesting three-month study on one of the
following:

A comparison of the flora and spora at a single site; a comparison of
the flora of different species of leaf at a single site; a comparison of the
flora of conc species of leaf from a number of sites; a comparison of the
sporas of a number of sites, etc, etc.

It would also be possible, with such a tailored study, to fit in a
certain amount of preliminary work, allowing some of the sources of practical
difficulty and biological variation to be identified and taken into account.

Although all of these small studies would provide interesting conclusions
on aguatic Hyphomycetes in the Durham area they would not advance consider-
ably the understanding of the ecology of this group of fungi as a whole.
There is obviously great scope for laboratory work on the nutritional
capabilities of the more common and well known species of aquatic Hyphomycete,
The conclusions from such a study would be most helpful in increasing our
understanding of the significance of aquatic Hyphoﬁycetes as decomposers in

the aquatic ecosystenm,
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TABLE 5.9

Most common species; maximum and minimum abundance

Site A Site B Site C Site D Site E Site F Site G
FILTER
Most common nknown 'A' Tetracladium Tetracladium | Tetracladium Tetracladium | Tetracladium Articulospora
species unkn -marchalianum marchalianum | marchalianum marchalianum | marchalianum tetracladia
Maximum A & D 10:8:77 24.8.77 10:8:77 18:8:77 24:8:77 1:9:77 10:8:77
Minimum A & D |{1&8:9:77 N.R. 10&18:8:77 N.R. | 18:8:77 N.R. 8:9:77 10:8:77 10&18:8:77 N.R. 24:8:77
FOAM (Entomopthora)
Most common Tetracladium C.stellata
species marchalianum splendens
Maximum A & D _ 24:8:77 _ 21:8:77
Minimum A & D 8:9:77 8:9:77
DIRECT Tetracladium Tetracladium | Tetracladium |Tetracladium . Tricladium
OBSERVATION marchalianum marchalianum | marchalianum marchalianum splendens
WATER Tetracladium .An willospora {?.angulatum Anguillospora Tricladium
INCUBATION marchalianum g po T.marchalianum |“"8 P splendens
ISA Tetracladium Alternaria Tetrocladium Tetracladium T.terrestre
INCUBATION marchal ianum * marchalianum marchalianum -
PLATE Fusarium TFusarium T.set1ger?m Fusarium : T.terFestre

T.marchalianum Fusarium

A = abundance D = diversity N.R. = no spores recorded



TABLE 5.8

Aquatic Hyphomycete Species Recorded by all Methods

Tricladium splendens
Tricladium angulatum
Tricladium terrestre
Articulospora tetracladia
Lemmoniera aquatica
Lemmoniera terrestris
Alatospora acuminata
Tetrachaetum elegans
Tetracladium marchalianum
Tetracladium setigerum
Clavariopsis aquatica
Flagellospora curvula
Anguillospora longissima
Centrospora acerina
Camposporium pellucidum
Heliscus lugdunensis
Clavatospora stellata
Dactylella aquatica
(Entomopthora sp.)
Tripospermum myrti
Volucrispora sp.
Flabellospora sp.
Anguillospora crassa

Unknown A
Unknown B
Unknown C
Unknown D
("K' spore)
("H' spore)

*

W ¥ % % N OF N N % ¥ N ¥ X X ¥ % ¥ % %

%

TOTALS

31

332 3 6

21129 2

KEY

Filter : spores
Foam : spores
Leaf discs
Plate (ISA)

O QO + *

Details of records from leaf discs can be found

Details

Extra Notes

Unknown A
Unknown B
Unknown C
Unknown D

'K' spore
'H' spore

unknown
unknown
unknown
unknown

A
no.5

no.2
no.ll1l

see photographs

pg 525
pg 91
pg 91
pg 91

attached spore only

of foam and filter in Table 5.5

Ingold
Ingold
Ingold
- Ingold

. 5.7 (summdry)
in Tables 5 ¢ (a1l data)

1975¢
1975a
1975a
1975a




TABLE 5.7

Swmmary of Leaf Disc Data

*for attached spores only*

A species name underlined
A species name ticked

observed growing on plate only
observed on plate and disc

Me thod Site A Site C Site D Site E Site G
Direct T.marchalianum T.marchalianum T.marchalianum T.marchalianum T.splendens
Observation C.aquatica T.setigerum C.aquatica A.tetracladia

T.angulatum F.curvula
Water T.marchalianum Anguillospora sp. T.marchalianum T.marchalianum T.marchalianum
Incubation A.longissima T.setigerum A.longissima C.aquatica
: T.angulatum C.aquatica T.splendens
3 days A.-longissima A.tetracladia
F.curvula
D.aquatica
7 & 10 days A.longissima T.marchalianum T.marchalianum T.marchalianum T.splendens
Anguillospora T.setigerum T.angulatum F.curvula
T.angulatum C.aquatica A.acuminata
1sA T.marchalianum Alternaria v T.marchalianum T.marchalianum T.splendens
Incubation T.setigerum T.terrestre v
3 days Fusarium T.marghalianum . ' A.tetrac}adia
Fusarium Cladosporium Fusarium C.pellucidum
Aureobasidium Cladosporium Fusarium_/
Cladosporium Alternaria
Aureobasidium
Cladosporium
7 & 10 days A.longissima Fusarium T.marchalianum v T.marchalianum T.splendens v
Alternaria T.setigerum v T.terrestre v
Fusarium Cladosporium Fusarium v
Elabellospora T.angulatum Fusarium Alternaria v
. Fusarium Aureobasidium Cladosporium v
Alternaria Aureobasidium
Cladosporium " Geotrichum
Mucor Penicillium




KEY

c(w)
c(s)

W/s
Ww/A

TABLE 2.5

Aquatic Hyphomycete

Floras and Sporas:

dominant species;
seasonal and successional records;

methods used.

constant species

constant: particularly common in winter
constant: particularly common in summer

winter species: more common in spring
winter specles: more common in autumn

summer species

species particularly associated with
the troepics

on intreduced leaf material {oid)
on naturally occurring leaves (new)



TABLE 2.6

+——————— Tamperate Rivers and Streams ———————

AUTHOR ] Nilsson 1964 - Conway 1970 Triska 1970 Ingold 1973
LOCATION Various streams Streams Woodland stream Various streams in
in Sweden New York State (Pictsburgh) U,S.A. Britain
Flora: Flora: Spora:
METHODS various leaves taken from Introduced leaves Toam and scum
stream and naturally
occurring leaves
dominant "ever-present" *
Swedish species: species: A.acuminata’ C(W) |extremely common:
A.acuminata A.acuminata c A.tetra?ladla c(s) C.aquatica
. . . . L.aquatica%* c r
A.longissima A.longissima c L.aquatica
. . T.elegans So .
A.tetracladia C.aquatica c . T.marchalianum
. . T.marchalianum So
C.aquatica L.aquatica C
. T.monosporus +So
F.curvula T.marchalianum C . .
. C.longibrachiata Sn
L.aquatica C.stellata Sn
T.splendens B
T.marchalianum #particularly
V.elodeae .
dominant

Continued...




TABLE 2.6 (Continued)

+————— Temperate Rivers and Streams —————

Willoughby & Archer 1973

Igbal & Webster 1973

Suberkropp & Klug 1974

Barlocher & Kendrick 1974

Wooded stream
Lake District, UK.

River system:
River Exe, Devon

Woodland stream
Michigan U.S.A.

Wooded stream
Ontario, Canada

Spora:
Foam and scum

Flora: from twigs

Spora:

Quantitative
filtration method

Flora:

in situ: scanning
electron microscopy

Flora:

Introduced sterile and
non-sterile leaves

Most common:

H. lugdunensis C
L.aquatica c
T.marchalianum C
T.splendens c

Most common:

(A. acuminata) C
A.longissima c

(A.tetracladia) C
T.marchalianum
C.aquatica W/s
C.longibrachiata W/S
F.curvula W/A
L.curvula +S

( ) slightly less
common

The dominant winter
and summer species:

A.acuminata W
L.curvula +S

Most common:

A.acuminata
A.longissima
H.lugdunensis
L.aquatica
T.angulatum
T.marchalianum’

Continued...




TABLE 2.6 (Continued)

Temperate Rivers and Streams

Tropical Stream

Terrestrial Records

Linsey & Glover 1975

Suberkropp & Klug 1976 .

Padgett 1977

Koske & Duncan 1974

Wooded stream
Lincolnshire, UK.

Wooded stream
Michigan, USA

Rain forest stream
Puerto Rico

Wood1land
British Columbia

Spora:

Foam and impaction
trap

Flora:

Introduced leaves

Spora: foam

Flora: introduced
and naturally
occurring leaves

Flora:

Litter leaves

Most common:

C.aquatica c(w)
F.curvula C
T.marchalianum C(S)
A.acuminata W/A
L.aquatica W

Dominant species:

A.acuminata
Anguillospora
C.aquatica
F.curvula
T.marchalianum

Dominant species:

Campylospora
chaetocladia +
Pyrimidospora
casuarina +
L.curvula -+
T.monosporus +

Common species:

A.tetracladia C(W)
T.splendens Cc(W)

V.elodeaz c(wW)
A.acuminata W
G.craginiformis W
T.setigerum W

V.graminae W




pH of water:

TABLE 5.1

measured c.

2 hours after collection

Site:
Date A B c D E F G
3:8:77 | 8.5 7.8 8.5 8.5 8.4 8.5 7.5
10:8:77 8.4 7.8 8.5 8.4 8.5 8.7 7.5
18:8:77 8.6 8.1 8.2 8.4 8.4 8.4 7.5
24:8:77 8.7 8.0 8.5 8.6 8.4 8.4 7.5
1:9:77 8.7 8.1 8.6 8.7 8.4 8.3 7.5
8:9:77 8.8 8.7 8.7 8.9 8.8 8.5 7.5
Mean 8.6 8.0 8.5 8.5 8.5 8.5 7.5
TABLE 5.2
Temperature of water (°C) measured between 09.30-11.30
Site:

Date A B C D E F G
3:8:77 11.5 13.0 13.0 12.0 '13.0 13.5 -
10:8:77 9.0 11.0 10.5 10.0 11.0 12.0 9.0
18:8:77 10.0 11.0 11.0 10.0 11.0 12.0 9.0
24:8:77 9.0 10.5 10.0 9.0 10.5 12.0 8.0
1:9:77 9.0 9,5 9.5 9,5 10.5 10.0 8.0
8:9:77 6.5 8.5 8.0 7.5 8.5 9.0 7.0




TABLE 5.3

River Authority Data for Sites A-F

(12 month averages for 19276)

Sample Sites: pﬁ S’lc‘aoltiadls AmmniacjicrOE(::rizsN Nitric gzrgzggz ggagg gizzz}xzzgigﬁ PhOaSsPhPate '
(total) at 20°C
Croxdale Beck (R.A.38) |8.3 | 1520 0.20 0.12 8.10 447 3.0 91 1.26
River Wear (R.A.34) | 7.6 415 0.13 0.04 2.10 219 2.1 95 0.32
River Browney (R.A.37) |7.9 478 1.14 0.67 4.69 255 3.8 89 0.73
River Deerness (R.A.35) | 7.8 631 0.19 0.04 3.30 397 2.1 102 0.27
River Browney (R.A.36) {7.9 425 0.16 0.05 4,83 216 2.4 94 - 0.55
River Wear (R.A.39) | 7.9 463 0.17 0.04 2.60 230 2.5 99 0.32
ppm PPm pPpm ppm ppm mg/] A PPm
(R.A.38) = River Authority sampling point number: see Map 4.1




TABLE 5.4

Rainfall Data

Readings at Durham University Observatory

Date Rainfall Sampling Days
Aug. 1 0.1 mm
2 Tr - :
3 - - (Preliminary samples)
4 0.2 mm
5 -
6 -
7 -
8 -
. 9 -
10 - - 1st main sample
11 -
12 Tr
13 0.8 mm
14 0.3 mm
15 Tr
16 -
17 4,5 mm
18 2.2 mm - 2nd main sample
19 10.2 mm
20 0.3 mm
21 1.7 mm ~ Extra sample: Site G
22 -
23 Tr
24 6.2 mm - 3rd main sample
25 2.2 mm
26 6.1 mm
27 Tr
28 -
29 2.1 mm
30 0.9 mm
31 Tr
Sept. 1 0.3 mm - 4th main sample
2 -
3 -
4 -
5 2.5 mm
6 2.0 mm
7 - .
8 - - 5th main sample



TABLE 5.5

(5.5a + 5.5g)

FILTER AND FOAM DATA

SITES A » G

DATES: 10:8:77 » 8:9:77

(extra collection 28:7:77, site G)

Abbreviations
T.march, Tetracladium marchalianum
H. lugd. Heliscus lugdunensis
C.stell. Clavatospora stellata
A.tetra. Articulospora tetracladia
T.splend. Tricladium Splendens
A.long. Anguillospora longissima
F.curv. Flagellospora curvula
A. acum. Alatospora acuminata
Ent. Entomophthora sp.
Unk. A, Unknown A
Unk.B. Unknown B

*Filter spore totals¥

Totals are given as spores/400 ml
Except site G where they are

/100 ml. The actual volume of
water filtered to produce each
site's spore records is given in
brackets above each column.

For further details

see text, Table 5.8 and Table 5.9.




TABLE 5.5a

SITE A:

CROXDALE BECK

Tricladium splendens
Tricladium angulatum
Tricladium terrestre
Articulospora tetracladia
Lemmoniera aquatica

" Lemmoniera terrestris
Alatospora acuminata
Tetrachaetum elegans
Tetracladium marchalianum
Tetracladium setigerum
Clavariopsis aquatica
Flagellospora curvula
Anguillospora longissima
Centrospora acerina
Camposporium pellucidum
Heliscus lugdunensis
Clavatospora stellata
Dactylella aquatica
(Entomopthora sp.)
Tripospermum myrti
Volucrispora sp.
Flabellospora sp.
Anguillospora crassa
Unknown A

Unknown B

Unknown C

Unknown D

("K' spore)

('H' spore)

10.8.77
Filter
(50)

18.8.77 .
Filter
(2x25)

24.8.77
Filter
(2x%25)

1.9.77
Filter
(2x25)

8.9.77
Filter
(2x25)

16

o

24

sample taken but no spores found
abundant non-living particles

sample taken but no spores found
abundant non-living particles

Total spore numbers

40

40

Number of species

Common species

H.Lugd.

Unk.A.

Unk.B.




TABLE 5.5b

SITE B:

RIVER WEAR

Tricladium splendens
Tricladium angulatum
Tricladium terrestre
Articulospora tetracladia
Lemmoniera aquatica
Lemmoniera terrestris
Alatospora acuminata
Tetrachaetum elegans
Tetracladium marchalianum
Tetracladium setigerum
Clavariopsis aquatica
Flagellospora curvula
Anguillospora longissima
Centrospora acerina
Camposporium pellucidum
Heliscus lugdunensis
Clavatospora stellata
Dactylella aquatica
(Entomopthora sp.)
Tripospermum myrti
Volucrispora sp.
Flabellospora sp.
Anguillospora crassa
Unknown A
Unknown B
Unknown C
Unknown D

1!t

i $hore]

10.8.77
Filter
(100)

18.8.77
Filter
(2x50)

24.8.77
Filter
(2x50)

1.9.77
Filter
(2x50)

8.9.77
Filter
(2x50)

Sample taken but no spores found

Abundant algae

Sample taken but no spores found

Abundant algae

12

12

12

Total spore numbers

40

12

24

Number of species

5

3

Common species

I\T .march.

'H'

T.march.

T.march.
C.aquat.
F.curv.




TABLE 5.5c

SITE C:

RIVER BROWNEY

Tricladium splendens
Tricladium angulatum
Tricladium terrestre
Articulospora tetracladia
Lemmoniera aquatica
Lemmoniera terrestris
Alatospora acuminata
Tetrachaetum elegans
Tetracladium marchalianum
Tetracladium setigerum
Clavariopsis aquatica
Flagellospora curvula
Anguillospora longissima
Centrospora acerina
Camposporium pellucidum
Heliscus lugdunensis
Clavatospora stellata
Dactylella aquatica
(Entomopthora sp.)
Tripospermum myrti
Volucrispora sp.
Flabellospora sp.
Anguillospora crassa
Unknown A

Unknown B

Unknown C

Unknown D

('K' spore)

('H' spore)

10.8.77
Filter
(2x100)

18.8.77
Filter
(2x100)

24,8.77
Filter
(2x100)

1.9.77
Filter
(100)

8.9.77
Filter
(100)

12

Sample taken but no spores found

Abundant algae

28

16

00

Total spore numbers

18

12

28

28

Number of species

4

3

1

Common species

T.march.

T.march.,

T.march.

T.march




SITE D:

fAbBLL J.04
RIVER DEERNESS

Tricladium splendens
Tricladium angulatum
Tricladium terrestre
Articulospora tetracladia
Lemmoniera aquatica
Lemmoniera terrestris
Alatospora acuminata
Tetrachaetum elegans
Tetracladium marchalianum
Tetracladium setigerum
Clavariopsis aquatica
Flagellospora curvula
Anguillospora longissima
Centrospora acerina
Camposporium pellucidum
Heliscus lugdunensis
Clavatospora stellata
Dactylella aquatica
(Entomopthora sp.)
Tripospermum myrti
Volucrispora sp.
Flabellospora sp.
Anguillospora crassa
Unknown A

Unknown B

Unknown C

Unknown D

('K' spore)

('H' spore)

10.
ilte
(2x200)

77
oam

18.8.77
Filter
(200)

77

TSN
iltetr

(200)

Foam

1.9.77

FilteT
(200)

Foam

8.9.77

Filter
(200)

Foam

12

13

2

16

10

12

Total spore numbers

12

106

10

28

Number of species

3

5

1

Common species

T.march.

T.march.

T.march,

R R B

T.march.

H.lugd.

H.lugd.

T.march




TABLE 5.5e

SITE E: RIVER BROWNEY

Tricladium splendens
Tricladium angulatum
Tricladium terrestre
Articulospora tetracladia
Lemmoniera aquatica
Lemmoniera terrestris
Alatospora acuminata
Tetrachaetum elegans
Tetracladium marchalianum
Tetracladium setigerum
Clavariopsis aquatica
Flagellospora curvula
Anguillospora longissima
Centrospora acerina
Camposporium pellucidum
Heliscus lugdunensis
Clavatospora stellata
Dactylella aquatica
(Entomopthora sp.)
Tripospermum myrti
Volucrispora sp.
Flabellospora sp.
Anguillospora crassa
Unknown A

Unknown B

Unknown C

Unknown D

('K' spore)

('H' spore)

10.8.77 18.8.77 24.8.77 1.9.77
Filter Filter Filter Filter
(100) (50) (2x50) (2x50)

8.9.77
Filter
(50)

o & o
o]

24

<o

16

Total spore numbers

16 56 112 116

50

Number of species

3 3 7 6

4

Common species

A.long T.march. | T.march, | T.march.

T.march




TABLE 5.5f

SITE F:

RIVER F

10.8.77
Filter
(100)

18.8.77
Filter
(100)

24,8.77
Filter
(100)

1.9.77
Filter
(50)

8.9.77
Filter
(2x50)

Tricladium splendens
Tricladium angulatum
Tricladium terrestre
Articulospora tetracladia
Lemmoniera aquatica
Lemmoniera terrestris
Alatospora acuminata
Tetrachaetum elegans
Tetracladium marchalianum
Tetracladium setigerum
Clavariopsis aquatica
Flagellospora curvula
Anguillospora longissima
Centrospora acerina
Camposporium pellucidum
Heliscus lugdunensis
Clavatospora stellata
Dactylella aquatica
(Entomopthora sp.)
Tripospermum myrti
Volucrispora sp.
Flabellospora sp.
Anguillospora crassa
Unknown A

Unknown B

Unknown C

Unknown D

("K' spore)

('H' spore)

Sample taken but no spores found

Abundant

Sample taken but no spores found

16

ow &~

Total spore numbers

16

40

16

Number of species

4

Common species

T.march.

T.march.

F.curv.




TABLE 5.5g
SITE G: WOODLAND STREAM

,§7~£§;Z‘77 4—T-19)&LZZI“- 1§.8.77 . 21.877 2%.8.77 1:9.77 ) 8.9,77
ilter oam Filter Scum Filter Filter Foam Filter Filter | Filter Scum
(100) ( 50) (2x50) (100) (100) (100) (100)
Tricladium splendens 64 13 158 102 2 27 11 2 9 42 23
Tricladium angulatum 1 6 1 1
Tricladium terrestre 5 40 2 2 1 5 1
Articulospora tetracladia 45 7 218 17 5 45 14 5 15 " 103% 17
Lemmoniera aquatica 18 4 6 1 16 1 1
Lemmoniera terrestris 1 1 6 3 2 2
Alatospora acuminata 16 13 40 1 11 59 1 17 13
Tetrachaetum elegans 5 6 1 2 1 4 1 1
Tetracladium marchalianum 5 10 1 3 1
Tetracladium setigerum 2 22 1
Clavariopsis aquatica 1 2 1 1 1
Flagellospora curvula 16 3 56 6 18 20 9 7 9 65 5
Anguillospora longissima 1 16 9 1 3 2
Centrospora acerina 2 1 4 3 2
Camposporium pellucidum 2 2 46 20 1
Heliscus lugdunensis 91 19 70 8 1 23 - 39 3 3 3 1
Clavatospora stellata 44 20 104 5 34 63 5 3 2 5
Dactylella aquatica _ 3 1 : 20 20 1 1 1
(Entomopthora sp.) : 8 - 1 2 24
Tripospermum myrti '
Volucrispora sp. _ 1
Flabellospora sp.
Anguillospora crassa 2
Unknown A ' 8 3
Unknown B
Unknown C
Unknown D
('K' spore)
('H' spore)
Total spore numbers 326 84 828 179 30 208 219 24 47 275 72
Number of species 18 11 18 13 7 15 17 7 10 17 12
Common species H.lugd. C.stell. A.tetra. T.splend. F.curv. A.tetra. C.stell. F.curv. A.tetra *A.tetra. T.splend
T.splend.H.lug. T.splend. C.stell A.acum.
C.stell. C.stell. : ) «B-tetra f£. tetra 50
A.tetra : - A.tetra f£. ang. 53



D.0.
H,0
ISA
P
(3),(7),(10)
D1,D2...

0,1,2,3

TABLE 5.6

(5.6a, c, d, e, g)

LEAF DISC DATA

SITES: A, C, D, E, G

DATES: 24 : 8 : 77
9 :9 :77.

Abbreviations:

records from Direct Observation of leaf discs
records from water incubated leaf discs
records from ISA incubated leaf discs

records from surface of medium (plate)

3, 7 or 10 days incubation

1st, 2nd ... leaf disc scanned

density scale see Table 4.5



TABLE 5.6a SITE A:

Croxdale Beck

Date o

f sample

28:8:77 9:9:77
Species
Density Scores
D1 D2 D3 D4 D5 D1 D2 D3 D4 DS
D.O. T.marchalianum 1
Fusarium 0 0 Nothing observed
HZO T.marchalianum 0 0 1 o 0 1 O
(3) A.longissima 1 0
Fusarium 0
(7 T.marchalianum 0 0 0
A.longissima 1
(10) T.marchalianum 0
Lermoniera sp.
T.angulatum
- Fusarium O 0 o0 O
ISA T.marchalianum 0 0 0 1 1
(3) Fusarium
(7) T.marchalianum 0 O o 0 O
A.longissima
(10) Nothing observed
P
(3) T.marchalianum 0 0
A.longissima 0
Fusarium 2 1
(7) T.marchalianum much much
A.longissima bacterial 0 bacterial
Fusarium 2 growth growth
much
(10) T.marchalianum Erosion 0 bacterial

growth

.




TABLE 5.6¢

SITE C:

River Browney (Al)

Species

Date o}
28:8:77

f sam ple
9:9:77

Density Scores

D1 D2 D3 D4 D5

D1 D2 D3 D4 D5

D.O.

T.marchalianum
L.aquatica
C.aquatica

Nothing observed

H,0

(3

T.marchalianum
Anguillospora sp.
Lemmoniera sp.
C.aquatica
T.angul atum

= 00N

(N

T.marchalianum
Anguillospora sp.
Lemmoniera sp.

p—
[

(10)

Lemmoniera sp.

Nothing observed

bacteria

ISA
(3)

T.marchalianum
Lemmoniera sp.

Alternaria

(N

T.marchalianum
H.lugdunensis
Flabellospora sp.

Alternaria

0

(10)

Nothing observed

Nothing observed

(3

T.marchalianum
Fusarium

Aureobasidum

Alternaria

Cladosporium

0
2

=N NDN

(7

T.marchalianum

Flabellospora sp. '

Fusarium

Alternaria
Cladosporium

= N O

(10)

T.marchalianum
Fusarium

Aureobasidium

Cladosporium

bacterial
erosion

=N O




TABLE 5.6d SITE D:

River Deerness -

Species

D a te of
28:8:77

sample

9:9:77

Density Scores
Dl D2 D3 D4 D5

DI D2 D3 D4 D5

D'o.

T.marchalianum

Anguillospora sp.

T.setigerum
T.angulatum

—

H,0
3

T.marchalianum

Anguillospora sp.

T.setigerum
T.angulatum

(7)

T.marchalianum
T.angulatum

(10)

T.marchalianum
T.setigerum
T,angulatum

ISA
(3)

T.marchalianum
T.setigerum
T.angulatum

(7)

T.marchalianum
T.setigerum
T.angulatum

[eNeNe]
oQCo
(@]

(10)

T.marchalianum
T.setigerum
T.angulatum

(3)

T.marchalianum
T.angulatum

Cladosporum

)

T.marchalianum
T.setigerum
T.angulatum
Fusarium

Aureobasidium

Alternaria

W+ W=

(10)

T.marchalianum
T.setigerum
Cladosporium

Mucor

1 .
o erosion




TABLE 5.6e

SITE E:

River Browmey

Date of sample
28:8:77 9:9:77
Species
Density Scores
DL D2 D3 D4 D5 D1 D2 D3 D4 DS
D.O. T.marchalianum 3 2 1 0
Lemmoniera o
C.aquatica 0 1 0
H20 T.marchal ianum 1 1 0 0
(3) Anguillospora 1 2 1
C.aquatica 1 2 0 0O o
Botrytis 1
@) T.angulatum 1 0
C.aquatica 1 algae
(10) T.marchal 1anum 1 0 0 Nothing
algae
observed
ISA T.marchalianum 1 1 1 1 .
(3) 2 2 Nothing algae
observed
(7) T.marchalianum 3 3 0 0
Fusarium 0 O 0 0O O 0
(10) | T.marchalianum 0 . 2 Nothing .
. bacteria
Fusarium 0 observed
P T.marchalianum 0 0
(3) Fusarium 2 1
Cladosporium 1
) T.marchalianum 0 0
T.angulatum 0
Fusarium 1 1
Aureobasidium 2
Geotrichum 1
(10) T.marchalianum | 1 0
Fusarium _i 1 erosion ercsion




TABLE 5.6g SIIE G:

Woo

dland stream

Species

Dat
28:8:77

e of sample

9:9:77

D1 D2 D3

D4 D5

Density Scores
D1 D2 D3 D4 D5

D.O.

T.splendens
A.tetracladia
F.curvula

=N

[y
- N
-

Hp0
(3)

T.marchalianum
T.splendens
A.tetracladia
F.curvula
C.aquatica
D.aquatica

[\
[
w

[N )

=N
p—d
=N

)

T.splendens
A.tetracladia
F.curvula
C.aquatica
A.acuminata
L.terrestris

[

(10)

T.splendens
A.tetracladia
F.curvula

Nothing observed

ISA
(3)

T.splendens
A.tetracladia
T.terrestre
C.pellucidum
Fusarium

Alternaria

P

o
=N O

)]

T.splendens
T.terrestre
Fusarium

- Alternaria
Cladosporium

Nothing obse

rved

N O
—

ol V3 ]
o= NN

(10)

T.splendens
T.terrestre
Fusarium

Alternaria
Cladosporium

N =
NN
=

Continued...




-2 -

TABLE 5.6g (Continued)

D1 D2 D3 D4 D5 DI D2 D3 D4 D5

P T.splendens 0
(3) T.terrestre
Fusarium 2
Aureobasidium
Cladosporium
Geotrichum 2

-
NN

7N T.splendens 0
T.terrestre
C.pellucidum
Fusarium
Alternaria
Aureobasidium 1
Geotrichum
Penicillium

erosion

HEEERNONS

(10) | T.terrestre

C.pellucidum
Fusarium erosion
Cladosporium

erosion

=N O N
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