


ABSTRACT

A STUDY OF THE AQUATIC "PHYCOMYCETES" FROM THE
GULL LAKE AREA IN MICHIGAN
by

Adauto Ivo Milanez

The purpose of this research was a taxonomic study and dis-
tribution of the aquatic '""Phycomycetes' in Gull Lake, Wintergreen
Lake and Lawrence Lake and surrounding drainage areas. Different
collections were taken periodically over a period of more than two
years in the same areas to study the periodicity of the aquatic myco-
flora.

These samples were baited with hemp seeds, corn leaves,

pine pollen grains (Pinus sylvestris L. ), cellophane paper and snake

skin. At the same time traps made of wire cloth containing apples
were submerged for isolation and baiting of some members of Mono-
blepharidales, Blastocladiales and Leptomitales.

The total number of isolates was 694, representing 64
species. The most common fungi isolated belonged to the family
Saprolegniaceae, comprising 51.1% of the total number of isolates.

Of the 64 species isolated 24 are new records for the state

]

of Michigan, 'including a new species of the genus Pythium.
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The new records from Michigan are: Rhizophydium vermico-

la Sparrow, Rozella allomycis Foust, Catenophlyctis variabilis

(Karling) Karling, Allomyces anomalus Emerson, Allomyces arbus-

cula E. J. Butler, Monoblepharis ovigera Lagerheim, Rhizidiomyces

apophysatus Zopf, Rhizidiomyces bivellatus Nabel, Achlya ambise~

xualis J. R. Raper, Achlya bisexualis Coker and A, Couch, Achlza

debaryana Humphrey, Achlya intricata Beneke, Achlya oligacantha

de Bary, Achlya recurva Cornu, Aphanomyces parasiticus Coker,

Brevilegnia unisperma (Coker and Braxton) Coker and Braxton, Geo-

legnia inflata Coker and Matthews, Saprolegnia torulosa de Bary,

Saprolegnia turfosa (Minden) Gaumann, Apodachlya pyrifera Zopf,

f. macrosporangia Sparrow, Lagenidium humanum Karling, Olpi-

diopsis fusiformis Cornu, Pythium monospermum Pringsheim, .and

the new species Pythium terrestris.

Achlya flagellata, Achlya intricata and Achlya recurva are

new hosts for Rhiziphydium carpophilum.

Rhizophydium sp. was found for the first time parasitizing

the alga Hydrodictyon sp.

Phlyctochytrium planicorne formed resting spores in oogonia
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and hyphae of Achlya oligacantha and Saprolegnia ferax, which are new

hosts. This is the second report of the resting spore stage of this
chytrid, but the first time in the Saprolegniaceae.

Achlya intricata is isolated for the second time since its

description in 1948.

Achlya prolifera is a new host for Olpidiopsis fusiformis and

Aphanomyces parasiticus.

The s0il communities include: Rhizophlyctis rosea, Saproleg-

nia sp., Allomyces anomalus, Nowakowskiella elegans, Saprolegnia

ferax, and l_’x!hium 8p.

The water communities include: Dictyuchus monosporus, Blas-

tocladia pringsheimii, Nowakowskiella elegans, Saprolegnia ferax,

Zoophagus insidians and Pythium sp.

The eccentric oospore group fo the Saprolegniaceae predomi-
nated all the year around, with a total of 57.5%. Spring isolates showed
55.5%. Summer isolates 58% and Fall isolates 58% of eccentric species.
There was a slight increase in the frequency of eccentric species
toward the warmer periods, the reverse occurring for the centric and
subcentric group. The periodicity was not as conspicuous as previously

described in the literature.
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INTRODUCTTION

Aquatic fungi occur in almost every class of fungi. The most
widely known ones have until recently been classified under one
class known as "Phycomycetes'. Many of these are commonly called
"water molds'. They hav‘e been collected from bodies of water or
moist soil since 1760, according to Beneke (1948c). The first genus
to be erected was Achlya by Nees von Esenbeck in 1823, Since that
time the biologists became interested in this group of fungi and exten-
sive literature is available today.

Currently the class '"Phycomycetes’ is being divided into
smaller, more homogeneous classes considered to be phylogenetically
more significant. The taxon Phycomycetes included a wide variety of
fungi, which according to Sparrow (1959) represented four different
lines of evolution. He recognizes these evolutionary lines: a) a single
posterior flagellum giving rise to Chytridiales, Blastocladiales and

-Monoblepharidales; b) single anterior flagellum: Hyphochytridiales;



c) plasmodial thallus and biflagellate: Plasmodiophorales and d)fila-
mentous and biflagellate: Saprolegniales, Leptomitales and
Peronosporales. He suggested the following classification for each one
of the four lines: Chytridiomycetes, Hyphochytridiomycetes,
Plasﬁodiophoromycetes and Phycomycetes.

Alexopoulos (1962) recognized this situation and presented a
complete classification of this group with six classes, including the
terrestrial forms. Each one of the groups proposed by Sparrow (1959)
was elevated to the rank of class with the following additions and modi-
fications: the word “Phycomycetes' was replaced by "Oomycetes*' to
avoid confusion and to be in more agreement with the characteristics
of the group:whilethe term Zygomycetes was used for Aplanatae(Sparrow,
1960), with three orders: Mucorales, Entomophthorales and Zoopagales;
and finally Trichomycetes was used for the sixth class.

Entomophthorales contains a genus, Ancylistes, that parasitizes
desmids. Zoopagales are parasitic on small animals such as amoebae,
nematodes and rhizopods and reproduce only by conidia.

Trichomycetes are fungi that live inside the digestive tract of
arthropods or attach on their external cuticle. It is a relatively unknown
group that has received special attention only recently.

Among the six classes of '""Phycomycetes'' the members of

Chytridiomycetes, Oomycetes and Hyphochytridiomycetes are the



better known than the three preceeding. Usually they are saprophytes
utilizing almost any kind of substratum available in the water. Some
are more particular being parasites on small invertebrates or even
vertebrates. Others are parasites of aquatic plants.

Recently a great deal of research has been done on terrestrial
isolates éf aquatic fungi. Many are the same as the ones living in  the
water but able to survive in the soil due to the formation of thick-walled
oospores and resistant sporangia.

The role of aquatic fungi in water is not well understood yet.
Although numerous papers have been published, they have dealt mainly
with taxonomical aspects. Weston (1941) gathered all the information
available about the hydrobiological aspects of aquatic fungi, Welch(1952)
recognizes the fact that they must exercise an important influence on
biological productivity. They may come into food chains by controlling
the population of certain algae in a fashion observed by Canter and Lund
(1948, 1951 and 1953) in England, or when they accelerate the degration
of cellulose, chitin and keratin or when they parasitize producers or
consumers.

More ecological work, mainly in periodicity, importance of the
aquatic fungi in the degradation proce-sses of the substances mentioned
above, and evaluation of environmm‘i.tal factors, will help us to understand

their activity in the aquatic ecosystem.



The purpose of this research was a taxonomic study and
distribution of certain groups of aquatic fungi in Gull Lake, Wintergreen
Lake and Lawrence Lake and surrounding drainage areas. Different
techniques of sampling as well as several kinds of baits were used.
Collections were taken periodically over a period of more than two
years in the same areas to study the periodicity of the aquatic

mycoflora.
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LITERATURE REVIEW

Although there are some reports of aquatic "Phycomycetes”
prior to 1823 these were not related at the time to organisms in-
cluded among the fungi. In 1823, Nees von Esenbeck furnished the
first taxonomic paper on aquatic "Phycomycetes'’ although he did
not segregate them from t}‘xe algae. He recognized two genera:

Achlya and Saprolegnia. This is the way he described them:

"Fila simplicia, articulata, sporas, per articulos sibi succedentes

simplices motu praeditas, spargentes -=-----= Saprolegnia’’,

""Fila simplicia vel sub apice evacuato prolifera, continua, sporas,

post emissionem motu indistincto in globulos concrescentes,

Saprble&nia was described before by Gruithuisen (1821)

under the name of Conferva ferax.

According to Johnson (1956) the family name Saprolegnia-

ceae was first proposed by Kutzing in 1843 but Pringsheim (1858)






wrote the concise description of the family which he classified as
algae. In the same paper he erected the genus Pythium which was
-included Hi tHE Same family. This is the first reference to a genus
later placed in the order Peronosporales.

The third genus of the Saprolegniaceae was erected by de
Bary (1860). In 1866 he recognized the true nature of these organisms
and transferred the family Saprolegn‘iaéeae from the algae into  his
classification of fungi,

De Bary (1888) published a single paper which treated all
the species known to Fhe family thus giving it consistency. He in-

cluded eight genera: Saprolegnia Nees, Leptolegnia de Bary,

Pythiopsis de Bary Achlya Nees, Aphanomyces de Bary, Dictyuchus

Leitgeb, Aplanes de Bary and Leptomitus Agardh.

The last one was removed from this family by Kanouse(1927)
to be included in a new order, Leptomitales.

Scott (.1961) gave the chronological order of the establishment
of the genera iﬁ the Saprolegniaceae to which we have to add the genus

Brevilegniella described by Dick (1961).

§

Cornu (1872)ipublished his monograph of Saprolegniaceae plus
Monoblepharidaceae in France followed by . Fischer(1892), which

divided the family into two subfamilies: S.aprolegnieae, with seven



genera and Apodyeae, with three genera: Apodya, Apodachlya and

Rhipidium. A second family was named Monoblepharidaceae with two

genera: Monoblepharis and Gonapodya.Later Schroeter (1893) and

Minden (1915) segvregated this family from the Saprolegniaceae
ei'ecting a new order: Monoblepharidales.

The first American paper in the Saprolegniaceae was pu.b-
lished by Humphrey (1893) followed by Coker (1923), Coker and
Matthews (1937), Wolf (1944) and Beneke (1948).

Recently monographic studies have been published on several
important genera in this family. Johnson (1956) monographed Achlya,

Scott (1961), Aphanomyces and Seymour (1966), Saprolegnia.

The genus Pythium created by Pringsheim (1858) was trans-
ferred by De Bary (1881) to the family Peronosporaceae. Berlese
and de Toni (1888) transferred the genus into the Saprolegniaceae but
Fischer (1892) again placed it into the Peronosporaceae. Later
Schriter (1897) placed the genus Pythium in a new family Pythiaceae
but in the order-Saprolegniales. Finallythe viewpoint maintained by
de Bary and Fischer prevailed and this transfer was abandoned. This
and other related genera received the first modern treatment by
Butler (1907), followed by Sideris (1930, 1931, 1932), Matthews
(1931), Middleton (1943) and most recently Sparro@ (1960).

The genus Monoblepharis erected by Cornu (1871) as a




member of the Saprolegniaceae, was separated by Fischer (1892)
into the family Monoblepharidaceae. It was later transferred to a new
order the Monoblepharidales by Schroeter (1893) and Minden (1915).
The knowledge about this group was greatly enhanced by cytological
studies of Laibach (1926,, 1927). More extensive taxonomic studies
were started with Woronin (1904) and followed by Sparrow (1933),
Beneke (1948b), Perrott (1955) and Sparrow (1960). Sparrow (1940)

added a new genus Monoblepharella, the only one that is essentially

terrestrial, to the order.
The order Blastocladiales was erected by Petersen (1909)

to include a genus Blastocladia, described by Reinsch in 1878, inves-

tigations by Thaxter (1896a) proved the distinctiveness of this genus.,
The order was expanded with the addition of Allomyces by Butler
(1911) and later five more genera were added. Recently Karling
(1965) transferred a polycentric chytrid to this order naming it

Catenophlyctis. Monographs of this order were published by Kanouse

(1927), Indoh (1940) and Sparrow (1943, 1960).

Hyphochytridiales were first segregated from the
Chytridiales for all organisms with a single anterior flagella, by
Karling (1943) under the name Anisochytridiales. Later Sparrow
(1960) suggested the use of the name Hyphochytridiales in order to

make use of the long existing family name.



The Leptomitales were erected by Kanouse (1927) to accomo-
date a group that has affinities with the Peronosporales and with the
Saprolegniales besides having morphological vegetative structures sim-
ilar to the Blastocladiales. Treatments of this order are available in
Indoh (1939), Sparrow (}943) who divided it into two families, Beneke
(1948c) and Sparrow (1960).

| According to Sparrow (1960) Braun was aware of the existence

of certain parasites of certain algae in 1846, and in 1851 he described

the first genus Chytridium 'wi.th one species, C. olla. Prior to the
publications of Braunthere were sofne early reports which today ‘are
interpreted as ?robably chytrids but were then mentioned as host
structures, such as the ""asterospheres' found in the vegetative cells of
the Conjugatae. The chytrids were established by the subsequent papers
published by Braun (1855, 1856). The Chytridiales received intensive
attention during the past and present centuries. De Bary and Woronin
(1865) recognized them as a family with three genera: Chytridium

Rhizidium and Synchytrium, Cohn (1879) made it an ordex. .Fischer

(1892) included them in Archimycetes with Lagenidiales. Sparrow (1935)
excluded the biflagellate forms and in 1943 removed the anteriorly flag-
ellated forms.

It will be impossible here to mention all the papers published by

the mycologists on chytrids, as well as, to mention all the authors. But



we must mention Braun (the first one to recognize chytrids as fungi),
Canter with a series of papers on chytrids of England; Couch, who
started the study of them in the United States, followed by Karling and
Sparrow. However we should not forget the early work of Dangeard
(from 1884 to 1937), Wildeman (1889 to 1931), Zopf (1878 to 1894) and
Scherifel (1902 to 1931). Sparrow (1943, 1960) has published a com-
plete review of the literature of the whole group.

The order Lagenidiales was segregated from the Chytridiales
by Karling (1939) to include biflagellate parasites. Today this order
includes thre families, one of them, Sirolpidiaceae, is marine.

Although Karling. published several papers on this order a ;:omplete
treatment appears in Sparrow (1943, 1960).

The order Plasmodiophorales, not represented in these studies
is treated by Spaffow (1943, 1960) because about 50% of the species men-
tioned by Karling (1942) and Ivemey-Cook (1933) are parasites of aquatic
plants (including algae) or aquatic fungi. ,'I‘he’ exact position of thié 'order
(and class) in the classification of fungi is still i_n doubt. It possesses
some charactéristics of the Myxomycetes and some of the Phycomycetes.
Bessey (1950) places them with '""Mycetozoa and related organisms'’,
Fitzpatrick (1930) and Sparrow (1943) classify them as '"Phycomycetes"
in the Biflagellate series. Later Sparrow (1959) recognized that the pos-

session of two unequal whiplash flagella would have to come from a dif-
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ferent line of evolution and suggested a new class, Plasmodiophoromy-
cetes, that was accepted by Alexopoulos (1962).

In the Zygomycetes, only Entomophthorales and Zoopagales
have aquatic forms. Entomophthorales have only one aquatic form:
Anéxlistes, that parasitizes desmids and has been treated by Berdan
(1938) and Sparrow (1960).

The Zoopagales are a group of aquatic fungi reproducing asex-
ually by forming conidia that are not forcibly discharged. They are p#r-
asites of certain protozoans and hematodes. It is a relatively new group
and according to Alexopoulos (1962) our knowledée of this order is due
primarily to the studies of Dr. Charles Drechsler.

The Trichomycetes are not of concern here as there are no

reported aquatic forms.

1. DISTRIBUTION

The study of the aquatic '""Phycomycetes’’ was restricted to
Central and Eastern Europe and United States up to the end of the last
century. With the publication of basic papers already mentioned local
mycofloras of aquatic fungi started to appear including: Petersen (1910)
and Lund (1934) in Denmark; Apinis (1930) in 'Latviag Massee (1891),

.Ramsbottom (1916), Cook and Morgan (1934), ;Forbee (1935a, 1935b),
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Sparrow (1936), Ingold (1940), Canter (1955), Sparrow (1957) and
recently Dick and Newby (1961) and Willoughby (1961, 1964)in England;
Rossy-Valderrama (1956) in Puerto Rico; Sparrow (1950; 1952a, 19520
and 1952c) in Cuba; Wolf (1939) and Shanor (1944) in Mexico; Karling
(1944a, 1944b, 1944c, 1944d, 1944e, 1944f, 1945a, 1945b, 1945c, 1945d,
1946a, 1946b, 1947b, Viegas and Teixeira (1943), and ]Seneke and
l.iogers (1962) in Brazil; Cejp (1959) in Chekoslovakia; and Crooks(1937),
Cookson (1937), Harder and Galwitz.Uebelmesser (1959), Jeffrey and
Willoughby (1964) and Vaartaja‘ (1.9.(;5) in Australia. Meanwhile Nagai
(1931) published the first paper on Saprolegniaceae in Japan followed by
Tokunaga (1932, 1933a, 1933b, 1934a and 1934b), S. Ito (1936) has the
first comprehensive treatise of the aquatic "Phycomycetes'. Indoh )
(1935, 1937, 1939, 1940, 1941, 1952, 1953) and recently Kobayashi and
Ookubo (1952a, 1952b, 1954a, 1954b), Ookubo (1952, 1954), Ookubo and
Kobayashi (1955) and Suzuki (1961) studied the aquatic fungi in Japan.
Butler (1907, 1911) started the studies of this group in India, followed
by Chaudhuri (1931, 1942), Chaudhuri and colaborators (1935, 1942,
1947), Hamid (1942), Balakrishnan (1948a, 1948b), Lacy (1949, 1955),
John (1955) and Das-Gupta and John (1953) and Rao (1963). Recently
Karling (1964a, 1964b, l964c, 1964d) published a series of papers on
Indian chytrids and ax.ﬁsochytrids describing new species as well as

the rediscovery of Woronina pythii.
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2. T ERRES STRTIAL ISOLATES O F

"PHYCOMYCETES?"

As early as 1925, Harvey remarked that typica}l'y; aquatic
genera could occur in soil samples. Using the same techniques used
by Butler (1907) he isolated 15 different species of water molds that
were known mainly from water. He described a new genus:CZ;eolegnia
which is essgntially terrestrial.

Coker (1927) described Achlya bisexualis, Achlya inflata,

Leptolegnia eccentrica, Dictyuchus achlyoides and two new genera:

Brevilégnia, with two species and Calyptralegnia. A total of fifty
different species from Saprolegniales and Blastocladiales were iso-

lated. Harvey (1927) added another species to the genus Brevilegnia:

B. diclina. Couch (1927) refined the techniques used by Harvey(1925,

1927) describing B. bispora, B. subclavata and 12 other species of

. Saprolegniaceae and Blastocladiaceae.

Cookson (1937) described a new species of Sag i‘olegnia, §_
terrestris as well as his observations on some other isolates. Gilman
(1957) in his book on soil fungi dedicated 92 pages to the aquatic
"Phycomycete.s" isolated from soil. Besides these we have scattered
reports by Wolf (1939;, Sparrow (1940, 1948), Meredith (1938),

Iemey-Cook and Morgan (1934), Harder and Gallwitz- Uebelmesser
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(1959) and Middleton (1943), Johnson (1956), Scott (1961) and Seymour
(1966) reported many isolates from soil samples. Sparrow (1960) con-
tains a complete list of references of the aquatic 'fPhycomycetes" iso-
lated from soil, mainly chytrids. Willoughby (in England) and Karling
(in the United States) published papers dealing with the taxonomy and
ecology of soil chytrids.
Sparrow (1960) pointed out that certain orders considered

aquatic have genera that are found only in soil. This is the case for

Monoblepharella in the Monoblepharidales.

Jeffrey and Willoughby (1964) referring to the genus Allomyces
considered by Emerson (1941) as being an aquatic genus said that it
should be considered as a valid soil genus rather than a truly aquatic

organism.

3. ECOLOG Y

Some of the earlier references to the ecology of the aquatic
fungi may not be correct according to Perrott (1960) due to the use of
inadequate baits or collecting techniques.

Petersen (1910) was probably the first to noticie periodicity
in the occurrence of the Saprolegniaceae. He remarked that in Denmark
the growth period of the group starts in the spring and closes in

NRovember.
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Coker (1923) also noted a growing season peak in occurrence
and in the first attempt to show this phenomenon he published a table

based on collections taken at North Carolina during the years of 1912

and 1913. Achlya flagellata and Achlya proliferoides were found

throughout the year but less frequent during the winter months.
Saprolegnia diclina increased its freiluency with increase in tempera-

ture and was more abundant in the summer and fall. Saprolegnia ferax

was more abundant during the cold period of the year: winter and

spring. Three species of Aphanomyces although present the year

around were more abundant during summer and fall. Achlya apiculata
was more frequent during winter and spring.
Lund (1934) working in Denmark observed that species of

Achlya thrive best in cold water and that Saprolegriia species were not

as dependent on temperature conditions as Achlya species. He was prob-
ably the first to mention the important4 role of the temperature for cer-
tain Saprolegniaceae.

Forbes (1935b) in England, remarked that there is a gradual
increase in abundance of Saprolegniaceae to a2 maximum sometime dur-
ing the winter and with an increase in temperature three is a corre;-
sponding decrease until an apparent disappearance during the summer.

She concluded that S. ferax and S. monoica should not be separated

fgom each other solely on the basis of antheridial abundance, sugges-~
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ting that this characteristic may be due to a seasonal factor. S.ferax

showed a peak in November and S. monoica showed a peak in March.
Seymour (1966) taxonomically confirmed the observations of Forbes
by placing S. monoica as a synonym of S, ferax.

Lund (1934) after extensive collections in Denmark, in bodies
of water with different p Hconcluded that pH is not the decisive factor
in their distribution,

West;an (1941) mentions that factors such as light, pH and
even chemical composition of the water have little effec"c on the dis-
tribution of the aquatic "Phycomycetes''.

| Chaudhuri et alt. )1947) gave two periods of growth of the
water molds in Punjab, India. The first period of growth starts in

October up to the middle of December. The second period starts in
the middle of February and ends in May. In the warmer months the
monsogns disturb their distribution, making collections difficult but
helpiﬁg them in migration, Achlia species were very common
throughout the year. |

Dayal and Tandon (1962) working at Allahabad, India confir-
med these findings and observed that isolates collected in October
and November showed vigorous growth and produced -gex organs in a
short time. On the other hand water molds is‘olated in March and

April produced good growth after several months. They suggested
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that oospores were dormant during the summer, and would germinate
with the decrease in temperature in August or September. This would
accourt for the infrequent or lack of isolates during this period. They
suggested also that most of the Saprolegniales isolated in their re-
search show a dormancy with the approach of high temperature in May
and June. They also agree with Perrot (1960) in England in saying

that the supposed rarity of many aquatic '""Phycomycetes' is 'd'ue to
lack of knowledge of suitable time for collections, habitat and substra=
tum used by the fungi as well as lack of knowledge of the techniques
for studies.

Dayal and Tandon (1963) working at Allahabad, India tried to
correlate distrib\;.tion of the aquatic '"Phycomycetes'' to chemical
composition of the water. According to them funggl production is fa.
vored by a fall in tempe:;'ature accompanied by an increase in nutri-
ents and dissolved oxygen content. Apparently there is a correlation
between phytoplankton and fungi but there is no further confirmation.
Ammonia, PH, nitrate, chlorides and dissolved oxygen were found to
be of significance in controlling fungal periodicity.

Recently Hughes (1962) based on collections made in Clinch
County, Georgia and Leon County, Florida, suggested that the
Saprolegniaceae of the sduth-eastern United States can be divided into

tyo groups with respect to seasonal periodicity: species with eccen-
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tric oospores and species with centric and sub~centric oospores. The
first group show no markable periodicity pattern, whereas the second
one show a marked seasonal periodicity. Based in his results and
examining previous records for the northern hemisphere he suggested
that the eccentric species group of the Saprolegniaceae is the major
water mold constituents in the southern areas of the northern hemi-~
sphere. On the other hand the centric and sub-centric group comprise
the major portion of water mold populations in the northern areas of
the ngrthern hemisphere, becoming less common as one moves south.
He points out that more research must be done in this direction in
the tropics and southern hemisphere to confirm his theory. A recent
paper‘ published by Beneke and Rogers (1962) and a personnal commu-.
nication by E. S. Beneke showed a 70-.80% of eccentric oospores
species isolated from Brazil during the ‘'cold months', In order to fit
these'r’ésults into Hughe's theory collections must be taken from'‘warm
months'' of the year.

Ziegler (1962) working in Florida cqnﬁrmed'the observations
of Hughes (1962) when he noticed that eccentric oospore species are
isolated all the year around but are much mo‘re common in warm weath-
er (20-30 C). Centric and subcentric oospores species are isolated
most frequently during the months of cooler weather (2-.22 C). He also

suggested that a more representative flora will be found if water and
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soil collections are made during cool weather,

Roberts (1963) in England, preferred to divide the Saproleg-
niaceae into "winter species', '"'summer species'' and '""constant
species'. He pointed out that habitat shovld be sampled 4 times e
year before a list of species is considered representative.

The distribution of terrestrial Saprolegniaceae received prob-
ably the most comprehensive treatment up tl:o the present time, Dick
and Newby (1961) using quadrat sampling (90 cm each side) with  each
one subdivided into 16 smaller ones were able to show for south-east
England: a) for a given site there is a constant Saprolegniaceae flora;
b) the seasonal fluctuation in abundance shows two maxima, one in the
spring and another in autumn; c) these fluctuations are independent of
the relative frequency <.>f the species for any given quadrat and ‘of the
identify os the species. Statistical analysis showed these fluctuations
of the frequenf:ies to be significant.

Further studies by Dick (1962) in soils of south-east England
presented evidence that well defined areas (quadrat size) the occur-
rence of the Saprolegniaceae is clumped. He was able to recognize
patterns of distribution which are relatively constant over periods of
many months, In a quadrat discussed by him, tl';e distribution of

Saprolegnia litoralis was homogeneous being both present and abundant

in each one of the sixteen subdivisions. Achlya racemosa and
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Saprolegnia turfosa occurred in about 75% of the subdivisions but it

was concentrated above a diagonal drawn trom the upper right-hand
corner to the lower lefi~-hand corner of the quadrat. All the patterns
arediscontinuousand he explained this phenomenon by the limitations
of the techniques used and by the possibility of many micro-habirtats
within an area of one square yard. Dick {(1963) remarked that the
absence of an essential combination of high water content and mod-
erately high hydrogen ion concentration may be responsible for the
restriction of most species to their localized habitats.

As early as 1935, Hohnk tried to correlate zoospore dis-
charge to habitat. For instance, organisms with 2 swimming stages

(Pythiopsis, Saprolegnia, Leptolegnia and Isoachlya are expected to

be most commonly isolated from very wet places. it the other ex.

treme he suggested that Aplanes and Geolegnia, both without swim-

ming stage spores are almost always isolated from soil habitats.
Although no doubt can be put into the habitat of Geolegnia, the inclu-
sion of Aplanes in this group is questionable once the swimming
stage of the zoospores of two different species of Aplanes was showrn
by Beneke (1948c) and Johnson (1956). In one instance Johnson{1956)
was able to show that the formation of zoospores was related to the
pH of the water.

A subject not well understood at the present time is the
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numbers of zoospores in a body of water and factors influencing this.
Suzuki (1960) working on Japanese waters estimated that the spore
content varied from 500 per liter in oligotrophic lakes to 300, 000 per
liter in the Arakawa River. Willoughby (1962) presented lower figures
for Windermere Lake and a fish hatchery in England. In the first in-
- grarice the total spores increased from the center of the lake (less than
100 spores per liter) to the margins (up to 5,200 per liter). In the
Wraymire Fish Hatchery the number of Aspores varied from 400 to
4, 600 per liter. Recently Suzuki (1962) gave smaller number for the
Japanese Matsubara Lake group, 2,300 to 42,000 spores per liter.
The techniques used by these authors were different.

Willoughby (1961) working with soil chytrids discovered that

some species are essentially terrestrial (Rhizophydium elyensis,

Rhizophlyctis rosea, Phlyctorhiza variabilis and Rhizophlyctis

ingoldii). Others like Asterophlyctis sarcoptoides and Chytriomyces

aureus occur in regions permanently submerged.
Willoughby (1962a) working in the English Lake District

observed that certain chytrids such as Rhizidium richmondense and

Rhizophblycrtis rosea will never invade lake muds, These two species

and Rhizophlyctis ingoldii and Rhizophydium elyensis constitute very

comrmon species in the soil.

Remy (1948) and Gaertner (1954) attempted to correlate soil
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chytrids and soil acidity without sucess. Willoughby (1964) was able to

demonstrate that Chytriomyces hyalinus, C. poculatus, C. subruces-

latus, Rhizidium richmondense, Rhizophydium stipitatum and Septosper-

ma rhizophydii constitute a characteristic entity of the microflora when

soil pH was between 4.0 and 5.0 irrespective of the higher plant cover.

Currently two different approaches are being used for taxono-
mical work: comprehensive and monographic treatments, Aquatic fungi
with exception of the Saprolegniales have been treated on a comprehen-
sive basis by Sparrow (1943, 1960). In the case of Saprolegniales the
better known genera have recently received monographic treatments by
Johnson (1956), Scott (1961) and Seymour (1966).

Problems of phylogenetic origin of the group received consid-
erable attention through physiological investigations of Cantino (1955).
His results were used by Sparrow (1959) in the development of his
theory of the origin and phylogenesis of the aquatic ""Phycomycetes'’.
Taxonomic position of certain groups have been confirmed or modi-
fied on the basis of flagellar structure by the investigations of Koch
(1956, 1958 and 1961), Cantino et al. (1963), Renaud and Swift (1964
and Fuller and Reichle (1965). Another recent development is the
cultivation of certain aquatic fungi in pure, chemically defined media.
Sparrow (1960) gives a excellent review of this problem up to 1960.In

the following year, Mullins (1961) reported the pure culture of
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Dictyomorpha, Willoughby (1962), Cladochytrium replicatumj Reisert

and Fuller (1961} Chytriomyces sp.; Fuller (1962), Rhizidiomyces sp.;

Scott and al. (1963), Saprolegnia spp.; Papavizas and Ayers (1964) with

Aphanomyces.

Hendrix (1964) discovered that sterol compounds of plants or
animal origin induced sexual reproduction in some species of the Pythia-
ceae and formulated a medium for them. Klemmer and Lenney (1965)
selected wheat germ oil as the best for stimulation of growth or sexual
reproduction in Pythiaceae.

Hendrix (1965) reported soybean oil as the best source of carbon.
Cholesterol induced reproduction qualitatively in Pythiaceae but not in
Saprolegniaceae or Mucorales.

Cook (1963) used parasitic aquatic fungi for study of taxonomy of
certain desmids. He based studies on resistance or susceptibility of.
algae to a specific strain of parasitic fungi.

Genetic studies on the life cycle of the Saprolegniaceae has recen-
tly shown by Mullins and Raper (1965) that there is the possibility that the
vegetative phase of the Saprolegniaceae is diploid, with the gametangium
being the only haploid phase. This is just the reverse of the usual life

cycle.
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4, AQUATIC "PHYCOMYCETES?®" IN

MICHIGAN

Before this research 230 species of Aquatic ""Phycomycetes
were already reported for this State. From this number, 127 species
or little over 55% were Chytridiales, mainly due to the work of Dr.
F. K. Sparrow and his colaborators.

The complete breakdown of the species is:

Chytridiales ' 127
Blastocladiales 9
Monoblepharidales 8
Hyphochyi:riale 8 3
Plasmodiophorales 4
Saprolegniales 50
Leptomitales 8
Lagenidiales 12
Peronosporales 6
Entomophthorales 3

This number includes a new species of Allomyces, A. catenoi-

des described recently by Sparrow (1964) from an isolate recovered
from a fish bowl and of unknown origin,

The first papers reporting aquatic '"Phycomycetes" fnom
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Michigan were not specific as they also reported higher fungi
(Kauffman, 1906, 1915). Pieters (1915) wrote the first paper on physi-
ology of aquatic "Phycomycetes' in this State. Kauffman (1921 des-
cribed the genus Isoachlya, which was recently placed under

Saprolegnia by Seymour (1966) . Kanouse (1925, 1927a, 1927b) studied

the ecology and taxonomy of Blastocladiales and Leptomitales.

The first survey of the watermolds was reported by Monsma
(1936).

The study of aquatic '""Phycomycetes’ has been most extensive-
ly investigated by Sparrow and his colaborators with more than 20 dif-
ferent papers, since 1938, dealing most of the time with chytrids.

A complete list of all the published references reporting or
describing material from Michigan would include:

Kauffman, C. W. (1906, 1915, 1921 and 1928)

Pieters, A.'J. (1915)

Kanouse, B.B. (1925a, 1925b, 1927a, 1927b and 1932)

Jones, F. R. and C. F. Drechsler (1925)

Couch, J. N. (1926)

Kanouse, B. B. and T. Humphrey (1927)

Drechsler, C. F. (1928)

Cotner, F, B. (1930)

Matthews, V. D. (1931)



- 26 -

Povah, A.H.W. (1934)

Monsma, E. Y. (1936)

Coker, W.C. and V.D. Matthews (1937)

Sparrow, F. K. (1938a, 1938b, 1939, 1943, 1946, 1947, 1950
1956, 1957, 1960, 1964, 1965 and 1966). |

Bessey, E. A, (1939)

Cutter, V. M., Jr. (1941)

Sparrow, F. K., Jr. and V. M. Cutter Jr. (1941)

Whiffen, A. J. (1945)

Roberts, J. M. (1948)

Sparrow, F, K., Jr. and B. Ellison (1949)

Johnson, T. W., Jr. (1950, 1951 and 1956)

Cook, M. T. (1951)

Sparrow, F. K., Jr. and M. E. Barr (1955)

Sparrow, F. K., Jr. and R. A, Paterson (1955)

Johns, R. M. (1956, 1957)

Koch, W. J. (1957)

Sparrow, F. K., Jr. and R. M. Johns (1959)

Paterson, R. A. (1956, 1958a, 1958b, 1958c, 1960 and 1963)

Sparrow, F. K., Jr. and W. J. Koch (1959)

Sparrow, F. K., Jr. and Y. Lingappa (1960)

Sparrow, F. K., and J. E. Griffin (1961)



- 27 -

Sparrow, F. K., Jr. and J. E. Griffin and R. M. Johns(1961)
Sparrow, F. K., Jr. and B. M. Morrison (1961)

Scott, W. W. (1961)

Goldstein, S. (1961)

Dick, M. W. (1961)

Scott, W. W. and A. H. O'Bier (1962)

Cook, P. W. (1963)

Escobar, C. (1965)

Sparrow, F.K., R. A. Paterson and R. M. Johns (1965)

Milanez, A. I. and E. S. Beneke (1966)

5. T ECHNIQUES AND BAITS

Many types of substrates and variations in isolation procedures
have been reported in the literature. Kanouse (1925), Lund (1934) and
Sparrow (1960) discussed the techniques for isolation of Blastocladiales
and Leptomitales. Sparrow (1933) mentioned the basic baits for the
Monoblepharidales and Perrot (1960) gave a more complete list of baits
and techniques used. Baiting techniques for Saprolegniaceae have been
discussed by Couch (1932), Beneke (1948c), Johnson (1956), Scott (1961),
Beneke and Rogers (1962) and Seymour (1966).

Chytridiales and Hyphochytriales grow in a wide variety of



- 28 -

substrata. Couch (1939), Karling (1944a, 1944b, 1945a, 1945b, 1946),
and Sparrow (1943, 1960) described the baiting techniques most com-
mon, as well as the better known baits.

Recently Willoughby (1961) introduced the use of termite wings
as a source of chitin for chytrids, replacing shrimp shells. Kar}ihg
(1964f) introduced the use of human fibrin film. Willoughby (1961,1962)
used three kinds of substrata for the study of soil chytrids: heratinic
(snake skin), chitinic (purified shrimp exo-skeleton and termite wings)
and cellulosic (water proof cellophane, grass leaves and epidermal
strippings from onion bulbs).

The handling of soil samples was discussed by Butler (1907),
Harvey (1925), Couch (1927), Scott (1961) and Dick and Newby (1961).

The storage and handling of cultures are discussed in Goldie-
Smith (1956), Emerson (1958) and Seymour (1966).

Recently Fuller and Poyton (1964) described a more sophisti-
cated technique for isolation of aquatic "Phycomycetes'' using continu-
ous flow centrifugation of large water samples with the concomitant

concentration of fungus reproductive units.

-0~-0-0-



MATERTIALS AND METHODS

Routine isolation procedures were used in this research in
order to give enough time to study the sample. .

A survey of the aé;atic "Phycomycetes'’ i.n any area requires
the use of a variety of substrata. Sparrow (1960) listet'i a large number
of substrata and hosts known for the aquatic ""Phycomycetes'. The va-
riety of the forrnér is enormous. Saprolegniaceae occur in seeds, dead
fish, insect eggs, insect exo-skeleton, leaves and in certain twigs and
fruits. Leptomitaceae and Blastocladiaceae occur mainly in fruits, twigs
or .in seeds from soil samples. Monoblepharidales occur in twigs,leaves
and fruits. Pythiaceae are usually baited with hemp seeds, but also
occur in roots, leaves, etc. Hyphochytridiomycetes, Plasmodiophoromy-
cetes and Ancylistales are parasitic on algae, fungi, and in roots of
higher plant.s.

In the sampling sites the water samples were taken in wide mouth

glass bottles (capacity from 75 ml to 150 ml) and filled three-fourths full
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with water, twigs, debris, algae and pieces of leaves. If large fruits
were present they were placed in plastic containers. Moist or dry
soil samples were collected in small plastic bags or in wide-mouth
bottles. Only the surface soil was collected for examination. Tempo-
rary puddles formed by rain water were handled in the same way as
the water samples.

In the laboratory each sample received a number. Soil sam-
ples numbers were preceded by an ''S" in order to distinguish from
the water samples numbers. The water samples were transferred to
sterile plastic Petri dishes. If enough water to fill a half of a plastic
dish was not available in the sample additional sterile glass distilled
water was added. In the case of soil samples a small amount of soil
was placed in the bottom of a sterile plastic Petri dish which was
then half filled with sterile glass distilled water. The soil was stir-
red to allow the water to come in contact with soil particles and
spores. After this step each soil and water sample was baited with

halves of hemp seeds (Cannabis sativa L. ), thin corn leaves} cello-

phane paper, pine pollen (Pinus.sylvestris L. ) and snake skin and

then covered. Additional hemp seeds were split at a right angle to
the lenght for the rest of the cultures and added. Corn leaves were
obtained close to the corn cobs where they are very delicate and thin.

4

Jhey were stored dry in plastic bags and introduced into the plastic
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Petri dishes as needed.

Once the baiting procedure was completed the water samples
were checked for growth of fungi on twigs, leaves, fruits and algae.
Otherwise the cultures were incubated at room temperature for 3 to 5
days. After this period the cultures were checked daily for observa-
tion of growth. By this time if spores were present in the sample a
visible growth is detected. Saprolegniaceae, Pythiaceae were isolated
by taking a piece of the hyphae or zoospores with a pipette and
streaking into a plate containing MP-5, a weak medium. See appendix
1 for composition of the medium.

After 24-48 hours a colony would overgrow any bacteria pres--
ent and a square from the edge of the colony was cut and placed into a
sterile Petri dish and sterile distilled water with a couple of halves ot
hemp seeds added. This culture was usually free of bacteria and after
3 to 5 days it was old enough to see the development of zoosporangia
and the sex organs. The descriptions of the saprophytic Saprolegnia-
ceae were based on this kind of culture.

If hete;othallic forms were present single spores cultures
were made for crosses.

Chytrids growing in pine pollen, snake skin or feathers were
separated from the dipsh and placed on ''caved slides'' and fresh sterile

drops of distilled water was added. The addition of distilled water
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usually induces the release of zoospores and then the study would con-
s
tinue.

Blastocladiales and Leptomitales were baited in a very differ-
ent way. Cylindrical cages made of hardware cloth, containing one to
three apples (crabapple or Mclntosh variety, inside a thin nylon net)
were submerged into the sampling sites for a period of 3 to 5 weeks.
After this period the cages were lifted from the sites and the apple
baits were transferred to quart capacity plastic containers and brought
to the laboratory. The next step was the washing of the apples under a
strong stream of tap water to lift off debris and most of the bacteria
and protozoans. Later the apples were placed in clean containers and
the colonies were examined.

The colonies of Blastocladiales, Leptomitaies and Gonapodya;
ceae usually appeared as white pustules protruding from the apple skin.
The pus-tules were examined under the dissecting microscope, a speci-
men was teased out of the pustule and studied under the light microscope.
Several specimens were studied for each different species present.

Special media were used in some cases. In the study of the
species of the genus Pythium two media reported by Hendrix (1964)and
Schmittehenner's medium furnished by J. L. Lockwood (personal commu-
nication) and containing sterol compoundé were used with partial success.

They were particularly effective for isolation of Pythium debaryanum
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Hesse.

The water used for isolates at the beginning was prepared
according to Johnson (1956) and later sterile, glass-distilled water was
used.

The drawings were made with the use of a Spencer camera lu-
cida with a Bausch and Lomb microscope.

Whenever possible the isolates were stored in 75 ml cork stop-
ped bottles (with two lateral grooves for air exchange) about two-fifths
full of sterile distilled water, containing a couple halves of hemp seeds.
Once the colony attained full growth they were placed into refrigerator
at a temperature of about 8 C.

The material studied was usually fixed with lactophenol plus

cotton-blue and kept for future reference.

=« 0 =Q=0-=



SITES OF COLLETCTTION

The sites chosen for this research were located in and
around the Kellogg Biological Station of Michigan State University in
the Kalama209 County, Michigan. A few sites are located in adjacent
Barry County. (See Table T.).

According to Martin (1958) the bedrock of Kalamazoo County
is the Coldwater Shale which is buried under a heavy mantle of
Pleistocene glacial drift. The ground moraines are Carey in age and
together with the outwash plains and broad glacio-fluvial gravel flats
produce altérnating gently und;;lating and broad gently sloping surfaces.

; The advance of the ice freigl;ted enormous masses of rocks
and rocks debris southward. Included in its mass, chunks of rock were
ground variously‘ into fin; cla);s, silts, sands, pebbles, boulders, etc.
These were cgprﬁed southward with the advance of the glacier. When it

retreated these sediments, some reworked in varying degrees by melt

waters were left behind. The valleys and depressions were filled with
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i.ce blocks and as the weather became warmer, the ice melted in these
depressions forming thousands of lakes.
The region studied is an outwash of the Lake Michigan Lobe

of the glacier. The top soil is not uniform in the area studied.

1.G ULL L AKE

An ice bloc lake as explained‘vabove, with a surface area of
2,030 acres. The major part of the lake is over 40 feet deep, “the
deepest point is about 110 feet. The bottom is of sand, gravel in the
margins and n%arl, muck or pulpy peat in the deepér areas.

The water is clear, hard and tested 118-160 parts per million
of calcipm carbonate in the methyl orange test in the summer. The pH
values range from 7.5 to 8.5 (Table II). The pH average for the summer
is usually-8. 0. The lake is'dee‘p enough to permit a thermal stratifica-
tion. The thermocline lies between 30-42 feet deep in the summer.

- The lake has an inlet at the north end, in a form of a cold
spring. The outlet is located in the south end of the lake connected .to
the Kalamazoo River. A dam controls the level of the water.

The shore line, artificially modified by the human populati on
contains a scant vegetation of 24 aquatic plants on the inventory list

for the lake preparea by the Michigan Conservation Department. In
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the shallow water Chara spp. is abundant on the bottom. In the north
end of the lake the soil is Bellefontaine loam and appearing up to mid
section in the east side. In the outlet the soil is Fox loam and in the
southwest side is either Ohstemo sandy loam or Bellefontaine sandy

loam.

Table I
Sites of Sampling
Township Range Section

Barry County

Lawrence Lake 1 N 9 W 27
Purdy Bog 1 N 9 W 36
Strewing Lake | 1 N 9 W 36
Mud Lake 1 N 9 W 8
Inlet of Gull Lake 1 N 10 W 36
Kalamazoo County
Porter Creek - 18 9 W 7
Duck Lake 1 S 9 W 5
Wintergreen Lake 1S 9 W 8
South Pond
North Pond

Pond No, 1



Outlet of Gull Lake
Biological Station
Lagoon

Hamilton Lake -
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Crum Park and Mill Ponds

Kellogg Forest
Augusta Creek

Three Lakes

10

19

12

31

21

10

25

Table II

PH Range of Sites Sampled (Lamotte Standards)

Gull Lake

Wintergreen Lake

Lagoon

Lawrence

Augusta Creek

Crum Park and Mill Ponds
Three Lakes

Purdy Bog

Outlet of Gull Lake

Strewing Lake (Bog) -

8.5

6.5

8.5

5.5
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Table III

Temperature of the Sites of Collection (degrees Celsius)

Site . Spring Summer Fall
Gull Lake 5-12 23.27 1222
Wintergreen Lake - 8-15 24-28 14-25
Lagoon 4-11 23.-27 17-.22
Lawrence Lake | 6-14 23-27 18-22
Augusta Creek ' 7-15 19-24 17-25
Mill Ponds and Crum Park 8-16 21-28 18-24
Three Lakes. 5-15 22-27 -
Purdy Bog 5-16 21-30 -
Outlet of Gull Lake 7-17 22-28 17-23
Strewing Lake (Bog) 5-15 17.27 -

2. OUTLET OF GULL L AKE

The site of sampling was located under the bridge near the
community of Yorkville. The outlet has a width of 5-10 meters and a
depth of up to 3 meters, at this particular point, The chemical charac-
teriqtics of the water are the same as described for the Gull Lake, but

Without the wave movement and with  plenty of submerged twigs and
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leaves, mostly from hickory (Carva sp.)
3. LAGOON

This is an artificial pond formed by carving the land into an
artificial island in the Kellogg Gull Lake Laboratoiry site. The pH is
slightly lower but still alkaline, the temperatures are a little higher
tan in the main body of Gull Lake. Although it is connected at both ends
with the lake the wave movements do not penetrate into the lagoon due
to the accumulation of silt, sand and debris at both ends. The wind
action is of little importance. The lagoon is a excellent place for
Blastocladiaceae, Leptomitaceae and Rhipidiaceae. Submerged vegeta-

tion is abundant consisting mainly of Myriophyllum and Ceratophyllum

Bpo .
At the beginning of this research some pollution was coming
from building in the location mostly as seepage from sewage disposal

systems, during summer time. This situation does not exist now.

4, MILL PONDS AND CRUM PARK

Both of them are connected to the outlet of Gull Lake. The
first one is a swampy shallow area, with the same kind of vegetation
found in the hard water lakes. The chemistry of the water is similar

to Gull Lake. Crum Park has collections from the outlet (riffle por-
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tion) and from the swampy area around it. These swampy areas are
connected to the outlet. There are no significant differences in the pH
and temperature of the water in these sites.

The soil present is either Oshtemo loam or muck.
5. W I NTERGRUEIEN L AKE

This is a small, shallow lake, up to 15 feet deep in the center,
with an area of 39 acres located approximately three-fourth of a mile
from the south-east end of Gull Lake, probably of ice block origin.

The littoral zone is well developed, vegetation consisting main-

ly of Nuphar advena, Nymphea odorata and Nymphea tuberosa. Towards

the lake center Myriophlyllum sp.and Ceratophyllum sp. Potamogeion

sp. and Chara sp. occur. In the margins Spirogyra sp. and

Hydrodictyon sp. are common. The pH is very high, up to 9.5; methyl

orange test for calcium carbonate always gave readings around 100 parts
per million in summer months. It is high in nitrogen and phosphorus,
calcium and magnesium. The high nitrogen and phosphorus come from
bird droppings largely contributed by high numbers of Canadian geese,
many of which are resident throughout the year in this refuge area.

This lake is surrounded by a series of artificial ponds and
pumping of water from them help to maintain the water level of the

lake. The soil around the lake is Bellefontaine sandy loam.
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6. LA WRENCE L A KE

This is another lake with ice block origin, 300 yards in length
and about 200 in width, 45 feet in the deepest point, probably stratified.

The main plants in the littoral zone are: Nuphar advena, Scirpus

subterminalis, Najas sp., Eleocharis and Chara sp. Several species of

Potamogeton and Chara are present in the deeper waters. The water is

clear, pH always alkaline, 7.5 to 8.5, methyl orange tests showed
160-200 parts per million of calcium carbonate in the summer months.
Twice in the last five years this lake was dragged to retire the excess
of marl d?posits. The soil in the vicinity is Carlisle muck composed of

marl and well decomposed organic soil, black in color.

7. P URDY B OG A ND STREWING

L AKE

Actually both are bogs now. The second has almost no open
water, during the dry phase of the Great Lakes moisture fluctuations.In
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