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ABSTRACT

Prim{tive aquatic fungi, both parasitic and saprophytic in
habit, are common {n samples taken from fresh water. The present
study was undertaken to form some estimate of the {mportance of para-
sitic aquatic fungi, mainly members of the order Chytridiales, to the
phytoplankton of the saline, eutrophic waters of the Dalta area in
Mzanftoba. This study was pursued along two main lines, a taxonamic
survey of the fungi growing omn phytoplankton species and a comparison
of the growth of the host population and that of the fungus parasite
exploiting the alga. Certain saprophytic fungi{ which occurred on
algal substrata were also studied.

The field work was conducted during the summer moaths of
1966, 1967 and July 1968 from the Delta Waterfow!l Research Station.
Intensive study was concentrated on Lake Manitoba, and two bays {n the
marsh, School Bay and Cadham Bay. These three bodies of water contained
very different algal floras and thus provided interesting comparisons.

Eighteen fungus species were reported growing on planktonic
algae and three specles of Spirogyra, a common f{lamentous alga. Most
of these fungi belonged to the order Chytridiales. Not all of these

fungli were parasites. One fungus, Rhizophydium couchii{, was showm in

culture to be able to grow only on dead Pediastrum duplex var. clath-

ratum, the substratum on which {t was observed growing {n Lake Manitoba.

A nev chytrid species, Chytridium deltanum was described on Oocystis spp.

.
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A nev fungus in Oocystis eremosphaeria, believed to be a species of

Lagenidium, was also described. Many other fungi were reported on new

host species. A fungus similar to Achlyogeton entophytum {n other res-

pects was observed to liberate secondary zsocospores with laterally at-
tached flagella. This is interesting since these z0ospores were pre-
viously described as posteriorly uniflagellate.

The importance of fungus parasites to the phytoplankton of
the bodies of water in the Delta area, was observed to be small, In
many bays chytrids were practically never observed. The algal spacies
vhich were heavily attacked often formed only a small part of the total
phytoplankton. Of the epidemics observed, tn no instance could a
chytrid be shown to cause the disappearance of the host. Nevertheless,
the study provided significant insights on factors (mportant in the
onset and course of chytrid blooms.

The interaction between parasitic chytrid populations and
the host populations revealed some interesting patterns. Phlyctidium
bumillerias attacked the 4-radiate form of Staurastrum pinque in pre-
ference to the J-radiate form irrespective of the relactive proportiocans
in which the two forms were present. An {ntermediate 3/4-radiate form
vas attacked in a manner similar to the 4-radiate form. Phlyctidium
scensdesmi{ attacked Pediastrum boryanum and Scenedesmus quadricauda to
a4 similar degree but the proporction of fungus thalli{ which existed as

Xoospore cysts was higher on S. quadricauda. Chytridium deltanum was

observed on several Oocystis spp. and probably Pectodictyon cubicum.

Simultaneous with the attack of this fungus on O. crassa and 0. lacust-
ris were the occurrences of two other chytrid species on both these

hosts. C. deltanum, however, was generally more successful in {cs



attack. The fact that C, deltanum was unable to exploit a rapidly d.-v
clining alga) population, and, i{n one instance at least, successfully
attacked a rapidly growing host population, led to the conclusion that
the fungus was a parasite.

The ecological data, a limtted series of culture expearimants
and statistical anaiysis al! confirmed that temperature was {mportant

in the attack of Chytridium deltanum on Oocystis crassa and O. lacust-

ris. The temperature optima for 0. crassa and 0. lacustris were 20 C
and 20-22 C respectively and most {nstances of attack by the fungus
occurred at or above these optima. Infection also was positively cor-
related with temperature for both host species. Saprophyte blooms {n
the phytoplankton also exhibited periodicity. Scatistical analysis

confirmed that the occurrence of Chytridium marylandicum was positively

correlated with temperature, conductivity and heavy concentrations of
algal substratum.

Data on Chytridi{ua deltanum and C. marylandicum revealed that

these populations develuped fatrly synchronously. A dramatic increase
in percentage of germinated zoospore cysts every few days suggested a
cyclical release of zoospores and by {mplication the asexual generation
time.

In 1966, Chytridium deltanum zoospores wece very successful

in their attack on Uocystis lacustris but not on O. crassa. This sug-

gests that host susceptibility and not availability of viable zoospores
may be {mportant in the failure of the fungus to attack certain hosts
in certain years. Data from the 1967 epidemic also suggested that a
period of two days favourable to chytrid encystment and germination

vas sufficient to produce a brief but devastating epidemic. The range
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of condit{ons favourable to chytrid parasites thus appears to be very

narrow and the evanescent nature of most epidemics a functlon of these

stringent requirements.
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CHAPTER 1
INTRODUCTTION
The aquatic ecosystem, because it {s more self-contained than
most terrestrial ecosystems, has long been recognized as an ideal area
to study circulation of matter and flow of energy, in short the dynsmics
wvhich keep the ecosystem functioning. Weston (1941) emphasized the
importance of aquatic fungi {n the maintenance of aquatic ecosystems.
He estimated that as saprophytes they were equally as important as
heterotrophic bacteria in the breakdown and mineraltization of organic
detritus. Patersonm, utl?g baits (1967), carried out a preliminary
study of the beathir fungi which occurred in two lakes during the sum-
mer months. He found that chytrids wvhich decomposed chitin were com-
mon {n the samples from one lake whereas oomycetes which attacked hemp
seed were found in another lake. Willoughby (1962) compared the chyt-
rid floras of soil and submerged mud fram the lake bottom. He found
quite different floras in the two habitats, but tnt;roltlnsly the
chitinophilic flora of the lake mud was well developed whereas that of
the soil was very sparse. Fungi{ which grev on cellulose substrata
were coammon in both habitats. Willoughdy's findings and those of
Paterson were interesting because of the heavy populations of crustacea
which occur in aquatic enviromments. Their findings suggest that pri-
mitive aquatic fungi are important in the decomposition of carapaces

of these organisms.



In another study, Wiiloughby (1965) sampled bottom muds from
the lake centre and margin, and the water immediately above them, in
an attempt to estimgte the activity of Saprolegniaceocus fungi in these
habitats. He found that there was little activity by cthese fungi in the
bottam mud. Concentrations of zoospores were quite high, however, in
the waters near the shore just after heavy rainfall. Ha postulated
that zoospores were lesched i{nto the water following rain and were
available to initiate growth on such solid organic matter as was cast
upon the shore.

Ulken and Sparrow (1968) used diluctions of water samples,
the NPN (most probable number) method, to show that the number of vi-
able chytrid propagules rose dramatically in the epilimnion following
a heavy depotit of conifer pollen {n the waters of Douglas Lake. The
pollen was an excellent substratum for chytrids and most pollen grains
bore several sporangia. Following the disappearance of the pollen,
the number of chytrid propagules fell to about 30 per litre. In the
hypolimnion chytrid propagules remsined low throughout the sampling
period. One sample, however, which included bottom mud, coantained a
heavy concentration of chytrid propagules, probably resting spores.

Techniques recently developed should greatly facilitate ecolo-
gical studies of saprophytic phycamycetes in lakes. Fuller and Poytom
(1964) found visble Chygridiue, Rhizophlyctis, Saprolegnia, Achlys,
Aphanomyces and Pychium propagules in lake water collected under a two
i{nch laysr of ice. They used continuous flow centrifugation of large
wvater samples. Miller (1967) simply filtered small volumes of water
through millipore filters, resuspended the residue and inoculated it

onto plates. Prom two litres of lake water 362 isolates of fungi were




obtained. These isolates included 170 Chycridiomycetes, probably
many from the same species, 31 filamentous Oomycetes and 161 other
fungal isolates. He did not state the time of year in which these re-
sults were obtained. The concentration of fungus propagules in open
vater appeared to be surprisingly high. Future studies on saprophytic
fungi will probably corroborate Weston's observation made almost 30
years ago.

Aquatic fung! play another role as well in the aquatic eco-
system. Parasitic attack on the primary producers, the algae, is one
of many factors which coantrol the succession of species in the algal
flora (Canter and Lund, 1951). Among the other factors which affect
the size and camposition of the algal flora are chemical and physical
characteristics of the water, the morphometry of the basin in which
the water is contained, exudates and shading effects of other species,
and grazing by aquatic animals.

It was decided to study the effect of aquatic fungi on plank-
tonic algase in a specific ecosystem, the highly productive waters of
Lake Manitoba and the Delta marsh. The choice of study area was for-
tunate in that several distinct phytoplankton floras occurvred within
a relatively small area. These offered opportunities for comparison
_ of the i{mportance of aquatic fungi to different assemblages of species.

The choice of the Delta marsh for a study area carried with
{t many advantages. This area had for thirty years been the site of
{ntensive studiés into the ecology of waterfowl (Hochbaum and Bossen-
maier, 1965) and of the enviromment which the waterfowl inhabit.

Marsh vegetation was described (L3ve and LSve, 1954) and its changes




with fluctuating water levels were studied (Walker, 1965). The be-
haviour and distributional pattern of certain mammals, particularly
those important in the predation of waterfowl nests, have been sub-
jected to close examination. Studies of the aquatic ecosystem have
been undertaken. Smith (1968) focused his attention on the crustacea
in the waters of the Delta area and Lowther (unpublinhcd) studied the
distribution and ecology of algae in the same area. 1In short, the
Delta marsh has been, and will continue to be a centre of intensive
studi{es on the ecology of an exceedingly productive but short-lived
caommunity, the marsh. Each project is tmportant, not only {n (ts own
right, but as (t coatributes to an understanding of the whole com-
aunity.

The choice of topic in the present investigation was am-
bitious. The aim was to study the impact of aquatic fungi, mainly
members of the Chytridiales, on the succession of phytoplankton species
{n the Delta waters. Such a project has not previously been under- ‘
taken. Two studies, Canter and Lund (1948, 1951) and Paterson (1960)
dealt with the effect of chytrids on specific plankton species but no
attempt was made to study the whole phytoplankton and all the instances
of fungus attack during the period of study. Unlike the twvo investi-
gatfions mentioned above, however, sampling in the present study was
carried out only during the susmer months. The coaclusions derived
from the study therefore apply only to that period of the year and
nothing is known about the occurrence of chytrids in the Delta area
under the ice. Some qualitative notes on the occurrence of chytrids

during the summer of 1965 were cellected when I was working as research



assistant for Dr. R.L. Lowther. Tha main body of data, however, was
collected from mid-May to the end of August i{n 1966 and 1967 and July,
1968.

1t was proposed to approach the problem from an ecological
point of view. A regular sampling schedule would reveal wvhat algae
were attacked, the severity and durat!on of the attack and the overall
effect of the fungus epiphytotic on the algal population. Scanning
of qualitative semples would reveal what algae and fungi were present
and counts from quantitative samples would reveal the relative pro-
portions of these organisms. Cultural studies of same of the organisms
fnvolved would hopefully shed some light on events observed in nature.
The central aim of the project was not only to describe what was found
but to explain, after consideration of biological and environmental

data, why these events occurred.



CHAPTER 2
MATERIALS AND METHODS

(2.1) Sampling Techaique

Because chytrid epidemics are generally short-lived in na-
ture, it wvas desirable to sample as often as possible. The decision
wvas made to sample selected sites at weekly intervals and to {ncrease
the number of sempling days for a particular site when an epidemic ap-
peared to be developing on an algal species. Several bays in the
marsh were selected because of diffarences {n water chemistry and
physical characteristics and differences in algal flora. Ease of ac-
cess was another {mportant consideration. The sampling points in-
cluded: Cadhem Bay at the wharf, Lake Manitoba at the shore, 22 Bay

shore and open water, Enteraomorpha Ditch and School Bay shore and

open water (Figure 1). In 1966, samples were collected weekly from
mid-May to August 25. Weekly sampling was coatinued by a local teen-
ager during September and part of October. Lake Manitoba was sampled
three times a week during July. In 1967 samples were collected weekly
from mid-May to the end of August and the lake was again sampled three
times a week during July. 1In 1968, samples were collected only during
July, weekly from Cadham Bay and three times a week from Lake Manitoba
and School Bay.

Shore samples were taken in approximately 24 inches of water.

Six 1 L aliquots were taken with a 1 L plastic water sampling boctle
[



No. 03SWAl4l (GM Smith Mfg. Co.). The aliquots were slowly poured
through a small dip net of silk bolting cloth, size 25 by Turtox
(similar to 105A47/105A476) with 200 meshes to the inch and apertures
of 65n before shrinkage. The sampling bottle was held horizontally
adbout six inches under the water when shore sites were being sampled.
The open water sites were specific points about 50 yards from shore
vhere the water depth was generally 2-] feet. The sampling bottle
vas again held in a horizontal position. Sometimes only three litres
were strained through a net (f the water wag very full of algae or
detritus. When all the water had passed through, the bottom of the
net was grasped and placed inside out in a small beaker contatining
15 ml of distilled water. The water, vith suspended algac was poured
{nto a 9 dram vial containing 15 ml of double strength Transereau pre-
servative.® The vial was rotated to ensure mixing and vas labelled.
These quantitative samples were stored in the dark to preserve thelr
colour. Fresh, qualitative samples were collected in a similar way
except that the sampler was a plastic bottle cut so that it held ap-
proximately a litre vhen full. The algae so collected were poured into
a vial with natural water so that the sample was alive. Part of a
fresh sample was preserved in Transereau for future examination and
part wvas examined under the microscope within the next day or two.
Transereau was found to be a very satisfactory fixative both
for the algae and the chytrids. There vas practically no plasmolysis
or shrinkage, flagella were preserved while they were still beating
and the endobiotic structures of the fungi were well preserved. Fixa-

tion was fast and colour, wvhen the samples were stored in the dark,

* Transereau - 300 ml ethanol (100%), 100 ml formalin, 600 ml diltizled
water.



was excellent.

The sampling procedure had to be as accurate as possidble and
yet practicable from the point of view of time and expense. Straining
algae through a silk net was not the most accurate method available
(Lund and Talling, 1957; Kutkuhn, 1958). The smallest algal species,
somet imes called the nannoplankton, passed through the net though some
individuals were caught in the larger species and thus retained. This
drawback was not, however, as significant in the eutrophic waters of
Delta as {t might be in more oligotrophic situations. Larger forms,
particularly during the summer months, have been found (Wetzel, 1961)tc be more
fmportant constituents of the phytoplankgon in eutrophic iakes.
S{nce. in this project, interest centred on specific algal species
wvhich were not sannoplankton size, possible loss of these smaller forms,
though regrettable, was not too serious. A more important consideration
was the fact that certain of the long, narrow species might pass through ‘
the meshas of the net if oriented correctly. Moreover, shrinkage of the
net might produce greater retention of small forms as the net became
older. An effort was made to use nets oaly so long as the water £ lowed
quickly and to shrink new nets overanight before using. Another possible
source of error was in tramsfer fram the net to the beaksr of water.
A statistical test, however, showed these primary samples to be com-
parable (Chapter 5), so that one could assume the loss from each sample
during transfer was similar in proportioca. The nets were rinsed
thoroughly after taking a sample and again before the next one. There
was no trouble with contamination from previous samples.

Samples and enviroonmental data vere collected simultaneously



each veek. This field work was performed during the early afternoon
because the maxima for such parameters as temperature, oxygen and pH
were known to occur {n that period. An effort was made to sample each
site at about the same time cach week so that the envirommental data
from wveek to week would be comparadle. Temperature was determined in
the field with a4 GCalvanic Cell Oxygen Analyser (Precision Sclentific
Company, Pat. No. 3,227,643). Hydrogen ton concentration was deter-
ained in the field with a Bacterie pH-meter E20BA Metrohm Herisau.*
Water sanples were collected in 32 of polyethylene bottles wvhich were
{mmediately placed in a plastic cooler with {ce packs to ensure as
l{ztle change as possidle during transporation dback to the laboratory.
As s00n as the samples had been brought into the laboratory, conducti-
vity ({n mill{ MHO's) was determined with a Conductivity Meter (Type
COM 2d ¥o. 94319 Radi{aometer Copenhagen). Water colour (in ppm) was
deternined by the cologrimetric method with the Hellige Aqua Tester.**
Tizrations for alkalintey (OR™, C0;. RCOS tn ppm CaC0y) were per formed
using phenolphthalein and methyl orange indicators. The hardness {ons
Ca* and Mg** were determined by the EDTA titrimetric method (APHA
Standard Methods, 1965; Rainwater and Thatcher, 1960) four times during
1967 and three times during 1968,
* pH, oxygen and conductivity meters courtesy of Canadian Wildltife
Service.
*w* oH, temperature, conductivity and colour determined in 1966, 1967

by student supported by N.R.C. grant to Dr. R.L. Lowther of Sir
George Williams University.
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Each week within a day or two of collection, the fresh samples

wvere scanned and lists were compiled of algae present. The notes in-
cluded a subjective estimate of the quantities in which each species
was present and other remarks such as presence of bacterfa around
colonies or unhealthy appearance of the cells. These lists were filed
by date according to sample point. Drawings were made of nev algae as
they were i{dentified and these drawings were filed according to classi-
fication. Notes were made of the chytrids as they occurred {n the live
material. More emphasis was placed, however, on photographing the
chytrids in fresh material. An Olympus PM-6 camera was used on an
Olympus trinocular research microscops. Most photographs were taken

on high power but some were taken under oil. The majority of photo-
graphs were taken with Kodachrame 11 colour film. Some black and white
pictures wero taken, however, using Adox KB 17 film.

Most of the counting of quatitative samples was carried out
duging the winter of 1967-1968. Thus the data from 1966 and 1967 were
collected within a few months thereby allowing less room for differ-
ences in technique over a period of time. Most of the 1968 samples
vere counted as they were collected. The details of the counting pro-
cedure are given in Chapter S. Once the algal populations had been
determined, counts had to be carried out on the occurrence of chytrids
on the algal hosts. The morphology and taxonomy of the chytrids were
also studled at length. Discussion of the pitfalls involved are given

in Chapter 4.

(2.2) Culture Technique

A true understanding of the ecology of organisms in nature



]
can only be derived from a combination of field and laboratory studies

on particular species. The findings of the one aspect of the study can
be used to check the findings of the other. It was with this high ideal
{n mind that considerable time was spent in attempts to {solate chytrids
and phytoplankton speciess.

The technique for fsolating both chytride and algae, wvas
basically the same. Class tudbing o.d. 6 mm was cut {nto lengths about
7 inches. Pipettes with very fine bore tips were pulled from these
pleces of tubing. The open end wes plugged with cotton and these
pipettes were sterilized. Class rods o.d. } mm were similarly cut into
6-7 inch lengths. New sharp points were constantly being pulled in a
flame from these rods. The rods were used to push the organism to be
isolated across sterile 2% water agar. The organism, once tsolated,
vas sucked into the tip of the sterile pipette prepared for this pur-
pose and in the case of algae, deposited into a flask of liquid medium,
or in the case of chytrids deposited onto a plate of 1/3 strength Emer-
son YpSs (Difco) agar containing 150 ppm streptomycin or neowycin sul-
fate. During {solating sessions pipettes were kapt ready for use by
suspending them over boiling water in a 500 ml erlemeyer flask. Each
pipette after cooling thus contained enough water in the tip to keep
the organism from sticking to {tc.

leolation of chytrids involved several special problems.
Chytrid sporangia died in the presence of bacteria. For this reason,
mature sporangla were pulled off cheir substrate when this wvas possible.
This was easy enough when the substratum was a pine pollen graim, but
was practically impossible when the host was an alga. In this case,

the alga with {ts attached sporangium was placed on the YpSs agar.



2
The plates with chytrid sporangia were maintained at 20 C and examined

after two days. By this time, it was obvious if bacteria were going
to overrun the plate. Within 2 - 5 days chytrid growth would be evi-
dent {f it was going to occur. Young chytrid colonies were moved at
this stage to a fresh YpSs agar plate camplete with 150 ppm antibiotic
{n the medium.

Water from which chytrids or algae were to be isolated was
placed in a sterile 1 L erlemmeyer flask. Penicillin was added to these
flasks to a concentration of 150 ppm. A drop of water was removed
from the flask and placed on sterile wvater agar. The contents of the
drop vere scanned for organisms suitable for isolation. Even at the
height of a chytrid epidemic it was usually very difficult to find ma-
ture sporangia suitable for i{solating. Even vhen mature sporangias were
successfully deposited on YpSs agar and even vhen bacteria did not de-
velop, the sporangia on algal cells either failed to discharge zoo-
spores, as in the case of Chytridium deltanum, or the zoospores, oace
encysted, failed to germinate, as in the case of Chytriddum marylandi-
cum. Various modifications of the method were tried in an attempt to
get the chytrids to grow. Addition of sterile distilled water to the
plate, a colder temperature (S C), Rothwell's medium A (Rothwell, 1956),
wvater agar, snd YpSs without antibiotics, were all tried without suc-
cess. A Botryococcus coenobium covered with mature Chytridium mary-
landicum sporangla was added to a culture of Botryococcus braunii
LB 572 from the Indiana University culture collection. The fungus

failed to grow on the substrate provided.



The chytrids successfully {solated are the following:
Rhizophydium ep. Schenk; a saprophyte {solated from pine
pollen bait - Cadham Bay water, November, 1965,
Rhizophydium sp. Schenk; a saprophyte {solated from pine

pollen baft - School Bay water, July 2, 1966.

Rhizophydium couchii Sparrow; a saprophyte isolated

from ssnescent Pediastrum duplex var. clathrgtum - Lake

Manitoba, July, 1966.

During the winter of 1965-1966, soil water tubes were used
to maintain algae and as a medium in vhich to deposit isolated coenobia.
Approximately one-half inch of garden soi{l was added to a few grains
of CaCO3 in 25 mm diameter test tubes. After about 33 ml delionized
water had been added to each tube, they were plugged and autoclaved.

Three species, Oocystis crassa, Oocystis lacustris and Sphaerocystis

schroeteri{, were successfully {solated using sofl water as the growth
medium. In an attempt to find other media which would support growth,
soil water extract (SWE) 2:10 ditlution (Barr, 1965), Tris-buffered
{inorganic medium (TBIM) (Smith and Wiedeman, 1964) and TBIM with 1 ml
SWE added per 99 m! inorganic medium, were tried with the three iso-

lates. Sphaerocystis grew well in 2:10 SWE but not in the other media

whereas the Oocystis spp. grew well in TBIM with SWE but not in SWE
or TBIM.

1t wvas believed that there would be less selection against
algal species with narrow tolerance limits {f natural waters were used
{n {solation attempts. These waterswere collected in 64 o= polyethylene
bottles and sterilized with millipore GSWPO4700 filters (O.ng pore

size) and a disto-pump (model 1399, The Welch Scientific Company), to

13
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provide suction. This method was soon discarded since the algae pre-

viously {solated from Delts water, rapidly died in this medium. Even
after addition of SWE to the millipore sterilized water, it failed to
maintain the Qocystis spp and Sphaerocyptigs. Microscopic examination
showed that the cells died by extruding their contents through a
bulging section of the cell wall. This phenomenon had previously
been observed vhen the Oocystis cultures were inoculated into com-

pletely inorganic culture media. Interestingly, Botrycoccus braunt

LB 572 grew well., This alga is known to grow in a coampletely inorganic
medium (Hutchinson, 1967). Filtration considerably reduced the colour
of the natural waters. Since the conductivity, which reflected the
amount of dissolved {ons, was not affected by filtration with 0.22}
pore size filter, it was concluded that organic matter vas being re-
moved from the water.

Thereafter, TBIM with SWE suppiement was the culture medium
used for isolation and maintenance of the algae. At Delta in lieu of
an {ncubator equipped with lights, six 15 watt fluorescent lights were
installed on shelves about ten inches abowe the 250 ml culture flasks.
The lights were connected to a timing mechaniem which was set to come
on at 6 A.M. and turn off at 10 P.M. (n imitation of the long days at
that latitude. With the air conditioner running all day the tempera-
ture on the shelf below the lights fluctuated between 21-23 C. The
steroclave (No. 25X Wisconsin Aluminun Foundry Company) was used only
at night to sterilize culture media so that the laboratory would not
heat up excessively during the day.

At Delta, double glass distilled water was bought from a

local company. At The University of Western Ontario, deionized water



was used in all culture media. Penicillin (150 ppm) was added to 100 ml
media {n 250 erlammsyer flasks vhen attempts were being made to {solate
algae. After the initial isolation, however, the algae were maintained
fn TBIM with SWE without antibiotic. At The University of Western
Ontario algal cultures wvere maintained, and experiments carried out in
an incubator with 12 hour day and night regime and 22.2-18.0 C tempera-

ture cycle,

The phytoplankton species successfully isolated are the fol-

lowing:
Oocystis crassa Wictrock Cadham Bay November, 1965
Qocystis crassa Wittrock lLakse Manitoba July, 1966
Qocystis lacustris Chodat Cadhan Bay November, 1965
QOocystis submarina lLagerheim Lake Manitoba June 23, 1967
Ped{astrum duplex (A .Braun)
var. clathratum lLagerheim Lake Manitoba July 11, 1967
Scenedesmus sp. Meyen Lake Manitoba June 15, 1967
Dictyosphaer iws Wood Lake Manitoba June, 1967
pulchellum
Botryococcus braunii Kuetzing School Bay June 14, 1967
Cosmarium sp. Corda Cravel Pir Pond 11 June 8, 1967
Sohaerocystis schroeter{ Chodat Cadham Bay November, 1965

(2.3) Cultural Studies

The cultural studies were very preliminary in nature and
were carried out with the hope of explaining some of the results ob-
talned from the ecological iavestigations. Three aspects of the growth
requirements of the algae and of the chytrids {n culture were studied.

The aim of these experiments was to find suitable culture media,
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optimum pH and optimum temperature.

Two chytrid specfes were studied, Rhizophydfum couchii, be-

cause it had been isolated off an algal substratum and Rhizophydium sp.

fsolated from a pollen grain, because it was adapted to the Delta
wvaters and provided a comparison with the former species. A qualita-
tive experiment on sixteen agar media showed that Emerson's YpSs
medium supported the best growth for both fungus species (Table 1).
0f the several pH levels tested (Table 2) growth of both fungi im-
proved with higher pH up to pH 7.7 but at pH 8.4 no growth vas evi-

dent. In another experiment testing the growth of Rhizophydium

couchii on dead Pediastrum duplex var. clathratum, best growth occurred
at pH 8, so this was probably near the cptimum for the fungus. Of the
teaperatures tested (Table 2), 25 C appeared to support the best growth
but higher temperatures were not tested.

Experiments of a similar preliminary nature were carried
out on five algal species. Of the treatments tried, with Oocystis
crassa and O. lacustris, best growth was obtained using 98 m]l TBIM and
2 m] SWE (Table 3). The pH of this medium was approximately 9.1.
The algae clearly needed an organic supplement but they failed to grow
{n SWE by itself which had a pH about 7.2. Good growth was obtained
also in 99 ml TBIM with ! ml SWE and this combination was selected
because it was more convenient to prepare. This medium proved satis-
factory for all nfial species isolated from the Delta waters except
Sphaerocystis schroeteri which grew only in SWE. Optimum pH was at
least pH 9 for all species tested and for QOocystis lacustris and

Oocystis submarina appeared to be nearer pH 9.5. Of the temperatures

tested (Table 3) the best growth for Oocystis crassa and 0. submarina



TABLE 1

COMPARISON OF CULTURE MEDIA SUITABLE FOR RHIZOPHYDIUM
COUCHII AND RHIZOPHYDIUM SP.

um Rhi zophydium sp.

agar medis  couchii

YpSs S S S S b S

6 1 3 ) § S 5 S

YpD S S S 3 3 3

Nutrient 4 4 4 3 3 3

Lima bean 2 2 2 - 2 2

Malt extract - - - - - -

YpG 4 2 3 5 S S

Lactose - - - - - -

mineral

Prune - - - - - -

Corn meal - - - - - -

PG - 4 ) § 2 2 2

PDA - - - - - -

Bean pod - - - - - -

Catmeal - - - 3 3 3

Czapek ) 3 3 2 2 2

Cantino PGY Y 4 4 2 2 3

qualitative estimation no growth -
very little growth 1
slight growth 2
sparse growth 3
fairly good growth &
good growth S

small block of viable growth imoculated onto each plate

7
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TABLE 2

a) EFFECT OF SEVERAL pH LEVELS OF EMERSON'S YpSs LIQUID
MEDIUM ON THE GROWTH OF RHIZOPHYDIUM COUCHI] AND
RHIZOPHYDIUM SP.

pH 7.25 pH 7.70
Rhizophydium couchii  .04342 .000037 .0502 2 .000033 s
Rhizophydium sp. .0375 £ .000043 .05252 000033 4.

pH adjusted with Na,CO,
nine replicates
dry weight analysis - glass fibre filter paper

pH 6.4 pH 6.8 pH 7.5 pH 8.4
Rhi i .0324 ¥ ,00012 .03637.000042 .04912 mno growth
couchii - 000052

Rhizophydium sp. .00822.000012 .0598¢2 .0880* no growth
. 000068 .000012
pH adjusted with Na,CO,
eight replicates
dry weight analysis - glass fibre filter paper

b) EFFECT OF TEMPERATURE OF EMERSON'S YpSs LIQUID MEDIUM
ON THE GROWTH OF RHIZOPHYDIUM COUCHII

s C 009 g.
10 C .0088 g.
1S ¢ .0221 g.
25 ¢ .0327 g.

two replicates
dry weight analysis - millipore filter 1.2, pore



TABLE 3 1?

a) COMPARISON OF QULTURE MEDIA FOR QOCYST]S CRASSA AND
QOCYSTIS LACUSTRIS =

Qocystis crassa

98.0 ml TBIM 2.0 ml SWE .0061 g dry weight/ 100 ml
99.0 ml TBIM 1.0 ml SWE .0046

99.9 ml TBIM O.1 ml SWE .0002 = mno growth
100.0 ml TBIM .0003 = no growth

Oocystis lacustris

98.0 ml TBIM 2.0 ml SWE .0l17 g dry weight/100 ml
99.9 ml TBIM 1.0 ml SWE .0076

99.9 ml TBIM O.1 ml SWE .0011

100.0 m1 TBIM .0003 = no growth

grown i{n 15 C growth chamber 12 hours dark/light regime

b) EFFERCT OF SEVERAL pH LEVELS OF CULTURE MEDIUM (TBIM
WITH SWE) ON THE GROWTH OF FIVE ALGAL SPECIES

0. crassa O. lacustris O. submarina P. duplex var. Botryo-

clathratun coccus
pH 7.0 .0024 .0022 .0047 .0056 .0041
pH 7.5 .0027 .0043 .0060 .0060 .0081
pH 8.0 .0050 .0083 .0110 .0082 .0063
pH 8.5 .0100 .0130 .0150 .0184 .0070
pH 9.0 .0140 01865 .0210 .0244 .0093
pH 9.5 .0130 .0210 .0240 .0073 .0084

c) EFFECT OT TEMPERATURE ON THE GROWTH OF SEVERAL ALGAL

SPECIES
0. crassa 0. lacustris O. submarina P. duplex var. Botryo-
clathratum coccus
15 C .0024 .0065 .0222 .0163 .0020
20 C .0082 ,0150 .0380 .0384 .0058
22 C .0048  .0140 .0340 .0379 .0054
25 C .0029 .0080 .0230 .0173 .0035
30C .0022 .0043 .0117 .0178 .0020

b) and c) data expressed as g dry weight/100 ml culture medium
one replicate in b) and two replicates in c)



was obtained at 20 C while Q. lacuptris, Pediastrum duplex var. clgth-

ratum and Botryococcus braunii grew best i{n the temperature range 20 -

22 C.

The sporadic appearance of Rhizophydium couchii in nature

and the moribund aspect of tha algal substratum had suggested that the
fungus was a saprophyte. Attempts to grow the fungus on living coe-
nobia at various pH levels failed but good growth wvas evident on steam
killed coenobia at pH 8 and sparse growth was evident at pH 7 and

pH 8.5 (Table &4). No growth was observed on steam killed coenobia at
PH 9.5. Attempts also were carried out to grow the fungus on living
and dead substrates at a variety of temperatures. Of those tested,

the best growth was observed at 22 C although good growth of the fungus

vas also noted at 30 C.
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TABLE 4

a) EFFECT OF pH ON THE GROWTH OF RHIZOPHYDIUM COUCHMII
ON LIVE AND STEAM-KILLED PEDIASTRUM DUPLEX VAR.

CLATHRATUM
steam-killed Pediastrum live Pediastrum
pH 7.0 a few sporangia none
pH 8.0 many sporangia none
pH 8.5 very few sporangia none
pH 9.5 nons
qualitative estimation of number of s porangia growing

on the substratum

b) EFFECT UF TEMPERATURE ON THE GROWTH OF RHIZOPHYDILM
COUCHII ON LIVE AND STEAM-KILLED PEDIASTRUM DUPLEX

VAR. CLATHRATUM

steam-killed Pediastrum live Pediastrum ‘
15 C none none
20 C very few sporangia none
22 C many sporangias none
25 C few sporangia none
30cC many sporangia none

qualitative estimation of number of sporangia growing
on the substratum



CHAPTER 3
THE ECOLOCY OF LAKE MANITOBA, SCHOOL BAY AND CADHAM BAY

(1.1) Physiography and Geology of the Delta Area

The physiography and geology of the Delta area has been
discussed by Walker (1965). She states that 10,000 years ago most
of Lake Manttoba lay under glaclal lake Agassiz. As the lake waters
retreated, resfdual lakes of vartous sizes vore formed. Lake Man{toba
vas one of several which have persisted. A succession of sand ridges
dammed up wvater in a shallow area at the southern end of Lake Mani-
toba and a large part of this ares s now called the Delta Marsh.

An Agassiz beach of gravel and coarse sand, of limestone
and granitic or{gin, separates the marsh from laxe Manitoba (Walker,
1965Y. 1t is a large shallow lake approximately 180 iaa long from

D

anorth o south and 52 w= wide at tts southern end. The northern part
is narrow and contains many islaade but the southern part is a broad
area of open water. The maximum depth 2f the laze (s five meters.
This is a closed lake with no drainage of the water in tts basin.

The surface deposits of the Delta Marsh are poorly drained,
undifferentiated muck and peat soils overlying glacial drifec (Walker,
1965). The marsh extends 3O km in an east west direction and at places
{s as much as B km deep. It is an i{ntricate system of large and small,
shallow bays, some covering several hundred hectares, others only a few.

Some of the larger bays are as much as three metres deep but most are

less than one. The bottom is covered with a thick layer of detritus.
E e
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Plate 1

Aerfal photograph of the marsh In the vicinity of Delta Water-
fowl Research Station. lLake Manitoba (s the body of water
the lower right corner, Cadham Bay is on the left side and
School Bay is the small bay {n the middle at the extreme top
of the pnlate (Tuly 20, 1967),

in

Plate 2

The Delta Marsh lsroking northeast towards Lake Manitoba.

The larze bay {n the frreground is Stmpson Bay (July 20,
1967y,
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Caps and winding creeks interconnect the various bays.

Two bays in the marsh were selected for more careful study
because the floras in thess bays differed from each other and from
Lake Manitoba. The flora in School Bay, part of the West Marsh, vas
similar to the more essterly bays while the flora in Cadham Bay was
characteristic of the large bays in the central part of the marsh.
School Bay is a long narrow body of water {n a marsh surrounded by
Scirpus and Typha latifolfa. It is just over 1.6 meters long in a
north-south direction and sabout 3.6 meters wide on the east-west axis.
The maximum depth {s 0.7 meters and i{ts average about 0.45 meters.®
Floating clumps of Spirogyry and Enteromorphg intestinalis are often
conspicuous {n the water. Cadham Bay is one of the larger bodies of
vater {n the marsh. Its maximum length i{s 3.7 w* in an east-west
direction and 3.2 km long in a north-south direction. It covers a
total of 1776 acres and boasts a maximum depch of 1.5 meters and an
average depth of approximately 1.2 meters. The dominant emergent is

Phragaites communis and large clumps of Cladophora are often seen in

the water.

Probably the most important characteristic common to all
bodies of water in the Delta area is their salinity. Rawson (1944)
in his paper on the saline lakes of Saskatchewan, suggests that totsl
dissolved solids (TDS) in parts per million, is a valid criterion for
distinguishing freshwater, moderately saline and saline lakes. He
maintaine that bodies of water cogt.lning up to 300 ppm TDS may be
considered freshwater, those from 300-700 ppm may be considered moder-
ately saline and those from 700 ppm up to such values as 30,000 ppm TDS
are saline. According to this criterion, the Delta waters are all

* Mid-July, 1965 figures - a year of low water levels.
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saline. Lake Manitoba, on July 17, 1967 contained 1334 Ppm TDS, and

School Bay and Cadham Bay coatained 1794 and 2143 ppm TDS respectively.»

In Saskatchewan, Rawson noted that bicarbonate was high in the
freshwater and moderately saline lakes but decressed as salinity increased,
vhile the opposite was true of the sulphate fon. He also found that
carbonate and chloride fons were present only {n small amounts. Mag-
nesium {ons generslly constttuted half of the positive fons while the
percentage of sod{um increased with incressing salinity and that of
calcium decreased.

In cthe Delta area the proportion of the various dissolved
fons was somewhat different from Saskatchewan. Bicarbomate was high
and there was probably s similar amount of sulphate. Considerable
concentrations of the metallic ifons were present but there was at least
three times as msuch sod{um as mzgnesium and not quite twice as much
magnesium as calcium.

Bajkov's paper (1930) on Manitoban lakes contains data on
lake Manitoba which provide an {nteresting contrast to the data col-
lected forty years later. The maximum depth was then 7 meters whereas
now it {8 5 meters. The salinity of the lake, too, has increased con-
siderably. The TDS from a sampling point between Ela Point and Long
Point on July 15, 1928, was 752 ppm. Alkalinity was 115.8 ppm, C1°
214.5 ppm, Ca** 33.6 ppm, Mg** 50.8 ppm and SO4" 115.6 ppm. Iron was
not found {n the water then nor has it been found in the 1960's. In

general, the lake has been filling in and at the same time its salinity

has almost doubled.

* Saskatchewan Research Council - Courtesy of Dr. U.T. Hammer



1
Mean values (Table $) for the five weekly samples taken each

year during July were considered to characterize each body of water
well enough to allow comparisons of the three areas during the three
years of the study. Neither pH nor temperature were found to vary
much between the three areas in any one year. Temperatures were simi-
lar during the three years but pH {ncreased slightly each year. The |
conductivity readings, a rather inexact method of comparing relative
amounts of dissolved matter, were consistencly higher from the marsh
than those from the lake. The value from School Bay was similar to
Cadham Bay i{n 1966, somewhat lower in 1967 and somewhat higher in 1968.
Total slkalinity was also wuch higher in the marsh water than in the
lake. Bicarbonate is an important source of inorganic carbon for algae
in hard waters so thsat alkalinity i{s another measure of fercilicy. 1In
1966 and in 1968 the total alkalinity i{n School Bay was higher than in
Cadham Bay and much higher than {n Lake Manitoba. In 1967 the alkali-
nity in Cadham Bay was slightly higher than in School Bay and both
were considerably higher than Lake Manitoba.

The loss of weight on ignition of the nonfiltrable residus
wvas formerly considered to be due entirely to ignition of organic
matter. It {s now known that loss of water of hydration or breakdown
of certain salts can pfoduce appreciasble error. Despite possible error
the data suggest that all three bodies of water contain some organic
macter in solution and possibly cthis amount is higher in the marsh
vaters than {n the lake. One of che effects of organic matter may be
to produce colour in the water. The sparkling clear lake water showed
a colour average of 35 ppm in July, 1967, whereas Cadham Bay registered

80 ppm and the distinctly yellow water of School Bay averaged 120 ppm.



TABLE S

MEAN VALUES FOR ENVIROMMENTAL TESTS CONDUCTED
DURING THE FIVE WEEKS OF JULY IN 1966, 1967, 1968

TEMPERATURE C

Date _ _lake MapitCobe  School Bay _ Cadhem Bay
1966 23.5 25.9 24.3
1967 24.2 24.3 24.3
1968 24.1 24.4 246.0

pH

Date _ lake Mapitoba __ School Bay _ Cadham Bay
1966 8.38 8.30 8.31
1967 8.52 8.36 8.30
1968 8.66 8.54 8.7

Conductivity w=milli MI0 at 25 C

Dete  lake Menjtoba __ School Bay __ Cadhem Bay

1966 2.01 3.24 3.49
1967 2.34 2.57 3.21
1968 2.25 3.a88 3.23
Alkalinity ppm CaCOy
Da 1 Ba
1966 259.8 444,.6 369.6
1967 246.2 383.6 388.1
1968 252.2 443.0 371.5
Colour
Dete L;;; Manitoba School Bay Cadham Bay
1967 33 120 80
Hardness ppm
Date Ba Ba

Mg Ca Mg Ca Mg
July 24/67 S1 90 76 132 81 126
July 17/68 SO 79 90 199 34 129
July 17, 1967 K'ppm Na'ppm Cl ppm TDS ppm 1l.ou. on

tion

Lake Manitoba 24 285 439 1334 222 ppm
School Bay 32 326 470 1794 338

Cadham Bay s 490 637 2143 412
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It is evident that most of the physical and chemical charac-

teristics of the three bodies of water fluctuated somewhat from year

to year. The high nutrient comtent in School Bay in 1968, for exampie,
seemed to be correlated with exceedingly low water levels that year in
the bay. Water levels in the marsh were, in general, high in 1966 and
1967 and somevhat lower in 1968. Apart from 1968 the waters of Cadham
and School Bays seemed very similar in their physical and chemical
characteristics. Pactors other than the paraceters which were recorded,
sust have been responsidle for cthe consideradle difference in the floras

of the two bays.

(3.2) General Discussion of Algal Floras

(3.21) Species with Narrow Tolerance Ranges

Hutchinson (1967) maintains that there are two ways to

characterize an algal flora or assemblage of species. Consideration
of the dominants will give some i{dea of the prevailing envirommental
conditions. He points out, however, that dominants generally have
qQuite wide tolerance rangss. A knowledge of the tolerance ranges of
rarer species might give a clearer idea of the nature of the lake.
The blue-green algae, for example, were found by Rawson (1944) to be
the usual daminants of the saline lakes of Saskatchewan. These algae
wvere generally euryhaline, tolerant of a wide range of freshwater and
saline waters, as were most of the algae noted in those lakes. Cer-
tain algae, however, were found only under saline conditions. These
included Enteromorphy, Qocystis crassa, Chastoceros elmorei, and
Amphiprora alata. These species, which could possibly be considered
indicators of salinity were also found in the Delta waters. It is

interesting that Kushne's list (1941) of the algae of saline and fresh-
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vater lakes in Saskatchewsn is not too different from the list of

species in the Delta areas despite considerable differences in con-

stituent {ons.

(3.22) Species with Wide Tolerance Ranges
Certain species found in the Delta areca have been found by

other workers to tolerate a wide range of nutritional conditions.
Algae vhich have been found commonly in oligotrophic and i{n eutrophic
lakes as well, are termed eurytopic. Such algae as Stgurastrum pinque,

Botryococcus braunii and certain Oocystis species are considered to be

eurytopic. The motile Buglenophyta, on the other hand, generally occur
oanly in small bodies of water with high organic content. Most t ) ecies
require vitamin B)2 or thiamin and some biotin as well (Hutchinson,
1967). These organisms are not eurytopic and thus they could be con-

sidered indicator species.

{3.23) Succession

Hutchinson (1967) points out that the phytoplankton i{s a non-
quilibrium assemblage. It is alwvays changing. The continuous replace-
ment of one form by others is essentially natural selection and its
direction fs controlled by the varying enviromment. A general picture
of the course of succession can be obtained not omnly from consideration
of dominants, or rare species, but also by consideration of the relative
proportions of broad groups of related genera. Such groups often have
similar ecological requirements. The diatoms, for example, are generally
most successful {n cold waters and the blue-green algae are more common
in varm waters. Certain green algae in the order Chlorococcales are

often found together in the warm waters of shallow, eutrophic lakes.
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(3.24) Possible EBffects of Fluctuating Salinity on the Algal
lora

N

Wetzel (1964) maintains that fluctuation {m osmotic pressure
i{s probably the most tmportant selective pressure exerted on organiems
in alkaline saline waters. The organisms must be adle, moreover, to
survive changes in the {onic composition of the water as well as changes
{n osmotic pressures. Fluctuations (n pH are probably of minor impor-
tance. Rawson (1944) points out that the prairie lakes have a history
of rising and falling levels. Understandably then, the variations in
salinfity would tend to favour very tolerant forms and tend to exclude
those with narrower limits. Most of the species which Bajkov (1930)
lists from Lake Manitoba still occur {n che lake. Othars have been

noted as well. Diatoma elongatum, for example, was noted in other

Manitoban lakes but not Lake Manitoba. This alga is now an important

dominant {n the lake in the spring.

(3.3) Flora of Lake Manitoba

The phytoplankton of Lake Manitoba is much more diverse thas
that in the bays of the marsh. The large standing crop and the variety
of species reflects a ecutrophic situation but not the extreme case
which obtains i{n Cadhan Bay where one or two blue-green species bloom
in mid-susmer to the almost total exclusion of all other planktomic
species. Williams (1964) points out that the posttive relationship
between alkalinity and productivity is well known. Dense standing
crops and considerable species diversity are to be expected in lakes
with high calcium hardness. However, in waters with excessive organic
enrichment the distribution of species is no longer lognormal. Some

species become more common than expected and the others MEES:T&re.
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In 1966 and 1967 the phytoplankton of Lake Manitoba vas
dominated at the time of spring thaw by diatoms. There was a gradual
change from this situation to one {n which the blue-green algae
dominated the phytoplankton. As the diatoms declined there was a
succession of the diatom speciess The blue-greens did not comprise
moge than 50% of the phytoplankton unt{l the water had reached 25°C.
After that the blue-green population exploded to 70-90% of the phyto-
plankton (Figure 2, 3, 4). The dosinance of the algal flora by blue-
green algae was actually more overvhelming than the percentages of
occurrences suggest. All the blue-greens were colonials and many con-
tained thousands of cells. However, the green planktontsand the dfia-
toms seldom ccntained more than one hundred cells. In contrast to the
periods wvhen d{atoms were predominant in the phytoplankton, no one
blue-green species was the obvious dominant. Instead, =many species
occurred {n moderate numbers (Appendix A).

In 1966, Diatoms elongatum was dominant in the phytoplankton

of Lake Manitoba from mid-May, vhen sampling began, to late June, when

it vas replaced by Fragilaria construens var. binodis. By July 1l the

blue-green filamentous alga Lyngbya limnetica had become the most

numerous alga. Whether it could be called dominant is doubtful, how-
ever, in view of its small @ize compared to the huge colonies of some of

the less numerous blue-greens. Despite a bloom by Anabaena flos-aquae

on July 15, Lyngbya limnetica maintained its numerical superiority
throughout July and August. Its maximum occurred on August 1 when there
vere 199 x 103 trichomes per litre.

Similarly, in 1967, Diatoma was the dominant alga in Lake

Manitoba at the time of the spring thaw. 1t was replaced by a succession
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of dominants, Fragilaria construens var. binodis on June 19, Chaetoceros

elmore{ on June 27, Hantzschia sp. on July 4, Synedra acus on July 10,

and Lyngbya limnetica on July 19. This alga reached maximum numbers

again on August 1 and except for a bloom of Anabaena flos-aquae on

August 7 it remained dominant throughout August. Chaetoceros elmorei,

the most common alga {n the Lake Manitoby on July 3, 1968, was replaced

by Fragilaria construens var. binodis by July 10 and Lyngbya limnetica

was the most common alga from July 24 to the end of the month.

Numerically and volumetrically the green algae played a
small pagt (n the lake Manitoba phytoplankton. During the susmer
months the greens reached numerical! peaks of about l?-lSZ'nt the time
of changeaver from diatom 2o blue-green dominance. In 1966, the peak
of 177 lasted from Jwne 27 - July 4 and in 1967 the peak lasted from
July 10 to July 31. 1In 1968 the blue-green algae had just developed
to more than S0% of the plankton by late July and the green algae made
up 16T of the algal! flora on August 1.

Although they are more common in the warmer weather, several
green algae possibly maintain themselves in the Lake Manitoba phyto-

plankton throughout the year. Pediastrum kavraiskyi{, Pediastrum boryanum,

Pediastrum duplex var. reticulatum, Scenedesmus quadricauda, Dictyo-

sphaerium pulchellum, Oocystis crassa, Oocystis lacustris, Binuclearia

eriensis and Staurastrum pinque were noted {n 1966 scanning lists from

the cold water of spring thaw, throughout the summer to the cold water
of October just before freeze up. These same algae were noted from
mid-May to the end of August in 1967.

Although the summaries of the phytoplankton for the summers

of 1966, 1967 and 1968 seemed rather similar, there actually was con-
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siderable variation in the sizes of the maxima of the constituent

species and of the relative proportions of many of the important
species. For example, Navicula virudulg var. linegris reached its
maximum and was the fourth most numerous species on June 27, 1966.
In 1967, {t reached a similar maximum on June S when it was sixth
most common species. Chaetocsros was important in the phytoplankton

of the lake {n 1967 but not {n 1966. Comphosphaeria lacustris var.

compacta wvas important in the phytoplankton of Lake Manitoba in late
May and throughout June, 1966. In 1967 and 1968 {t achieved similar

{mportance only for a brief period {n mid-July.

(3.4) Flora of Cadham Bay

Cadhan Bay (n 1965 vas interesting in that there was a wide
vari{ety of green algae in the phytoplankton and these were the domi-

nants. On July 18 for example, Qocystis cramsa wvas dominanc. Other

very common species included Oocystis eremosphaertia, Pediastrum duplex

var. clathratum and the blue-green Chroococcus limneticus var. carneus.

Other green species present i{ncluded Sphaerocystis schroeteri, three

species of Scenedesmus, Pediastrum boryanum, Botryococcus, Coelastrum

microporun and Crucigenia quadrata. Present in low numbers were the

blue-green species Chroocpoccus limneticus var. subsalsus, Microcystis

aeruginosa, Aphanocapsa elachista var. conferta, and Aphanizomenon

fios-aquae. By July 25 Sphaerocystis had become dominant and Qocystis
crassa had declined to low numbers. Other common species {ncluded

Oocystis eremosphaeria, Aphanocapsa elachista and Chroococcus limneticus

var. carneus.
The variety of species in the plankton did not decline with

falling temperature in the fall but rather increased. A sample collected
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on November 9 for purposes of isolating algae, contained heavy concent-

rations of the diatom Cyclotella meneghiniana and the green algae

Scenedesmus quadricauda, Actinastrum gracf{llum, Ankistrodesmus convo-

lutus, Dictyosphaerium pulchellum, and Binuclearia eriensis. Also

present were three other Scenedesmus species, Tetrastum staurogeniae-

forme, Tetraedron minimum, Pediastrum boryanum, Quadrigula chodatitf,

Oocystis lacustris, O. parva, 0. eremosphaeria and Coelastrum micro-

porun. The blue-green algae Comphosphaeria lacustris and Aphanocapsa

greville{ were noted as were the diatoms Amphiprora alata, Chaeto-

ceros, Asterionella, Navicula, and Surirella.

In the epring of 1966, not long after spring thaw, Diatoma

was dominant i{n the phytoplarkton, but Pediastrum boryanum was com-

mon and the green algae Oocystis crassa, O. lacustris, O. solitaria,

Pediastrum duplex var. reticuleatum, four Scenedesmus specics,

Actinastrum gracillum and Coeslastrum microporum wcre present in low

nuabers. A few Microcystls aeruginosa colonies and Gomphosphaeria

aponina var. cordiformis were also noted. Several diatoms in the

phytoplankton throughout the sampling period included Cylindrotheca

sp., Surirella striatula, Cymatopleura solea, Cymatopleura sp.,

Amphiprora ornatg and A. alata, and Cyclotella meneghiniana.

On May 30, the phytoplankton was similar to that noted on
May 20 except that Microcystis aeruginosa and Gomphosphaeria aponina
var. cordiformis were more common than forwmerly. By June 6, Micro-

cystis and Sphaerocystis schroeteri were the most common species.

The green algae were still present but very sparse in number. A

similar situation was noted on June 1) except that Sphaerocystis was

dominant, Microcystis aeruginosa was present in considerable numbers
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and Becryococcus braunii{i wvas quite common.

By June 20, Microcystis geruginosg was dominant and some

Aphanizomenon flos-aquae had appeared. Sphaerocystis was declining

and so was Botryococcus. Also present in low numbers were Pediastrum

duplex var. clathratum and Pediastrum dboryanum, Scenedesmus quadri-

cauda, Crucigenia quadrata, and Fragilaria construens var. binodis.

By June 27 Aphanizomenon was becoming more common although Microcystis

was still dominant. Moveover a few trichomes of Anabaena flos-aquae

had appeared. Scattered clumps of Anabaena remained in the phyto-

plankton from the end of Jjume until mid-July., Microcystis and Aphani-

tomenon remained dominant {n early July and the green algae noted on
June 20 were present in sparse numbers.

The contrast between the plankton dominated by green algas.,
mainly Oocystis, in 1965 and the sparse representation of greens i(n
1966 was very striking. The changeover seemed to occur about June 6,
1966. Up to that time, the plankton resembled the 1965 flora but
after that the green algae quickly decreased in number and variety and
the blue-green algae concomitantly increased.

In late July, 1966, Microcystis aeruginosa was very common.

Pediastrum boryanum and P. duplex var. clathratum were also numerous.

These algae remained dominant throughout the fall, or at least until
sampling was stopped on October 9. That year the marsh froze up on
October 29, che earliest date in five years.

Again in 1967 the blue-green algae dominated the phytoplank-
ton of Cadham Bay throughout the summer period. On May 15, Diatoma
elongatum var. tenue wvas dominant and Diatoma elongatum and Cyclotella

meneghiniana were very numerous. A few Microcystis colonies were




already present. By early June, Diatoma had practically disappeared.

Microcystis aeruginosa was dominant and Aphanocapsa elachista var.

conferta was quite common. Also present in low numbers were Pedias-

trum boryanum, P. duplex var. clathratum, Coelastrum microporum, iwo

species of Scenedesmus, Tetrastrum staurogeniseforme, Ank{strodesaus

spiralis and the blue-green Merismopedia convoluta and Gomphosphaeria

lacustris var. campacta. The plankton was similar in mid-June except

that Botryococcus was noted for the first time that year. On June 27

Anabaena flos-aquae was dominant although Microcystis aeruginosa was

quite common. The green algae noted in early June were still present
in low numbers. By July 10 there was little Anabaenas left and Micro-

cystis aeruginosa and Aphanocapsa elachista var. conferta were the

most common species. Among the greens which were present in low num-

bers Crucigenia quadrata, Sphaerocystis and Schroederia setigera

were noted on that date for the first time that year.
An interesting phenamenon occurred (n the latter half of
July, 1967. Two green species, Tetrastrum staurogeniaeforme and

Pedfastrum duplex var. clathratum, became quite common, the former

on July 17 and the latter on July 24, just prior to the almost total
disappearance of all but the blue-greens from the phytoplankton.
Other algae present in low numbers during that period included

Scenedesmus abundans, Botryococcus, Actinastrum gracillum, Schroe-

deria setigera, Closterium gggctle var. elongatum and Chaetoceros.

Then, during the first week in August, Aphanizomenon developed a

large bloom. Microcystis wvas still quite common and scattered green

algae were noted in the sample. By August 15, Aphanizomenon bloomed

to the almost total exclusion of all other species except a few



Plate 3

Lake Manitoba at the Delta beach looking east (August 1,

1968) .

Plate 4

Cadham Bay at the wharf looking east. Nocice the Phrag-

mites invading the water and the Potomogeton heds evident
fn the shallow water (Auguse 1, 1968),

Plate S

School Bay taken at the wharf looking north. Notice the
wide mud bank exposed by low water levels, the clumpg of
decaying Enteromor ha near the shore and the distant

Scirpus island (Auguse 1, 1968) .,
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Microcystig colonies. This was still the situation {n Cadham Bay when

sampling was concluded on Augus® 27. The bloom was not quite as thick
this time but still consisted almost solely of Aphanizomenon and some
Microcystis.

The phytoplankton of Cadham Bay was very sparse on July 3,
1968. All that could be found were a few trichomes of Aphanizomenon,
a few Microcystis and Pediastrum duplex var. clathratum colonfes, and
several Cymatopleurg cells. A similar situation was noted on July 10

except that Sphaerocystis had appeared and was quite common. Scat-

tered Achanizamenon trichomes were obvious {n Cadham Bay for the first

time on July i7. By August 1, Aphanizomenon appeared to be developing

{nt~ a bloom. Microcystis was also common and Aphanocapsa grevillet,

Sphaerocystis and Pedfastrus duplex var. clathratum were also present

on considerable numbers. A few Botrvyoncoccus comnobia were also oh-

served .,

(3.5 Flora of School Bay

School Bay, despite the high autrient content of the water,
supported a fairly sparse phytoplankton cuemsunity. The assemblage,
however, consisted largely of those members of the order Chlorococcales
which Hutchinson (1967) says are typically found to be dominant in
shallow, eutrophic lakes or ponds. Pediastyum boryanum and Sgenedgsp-

mus quadricauda were the usual dominants during the summer months but

Botryococcus braunii sometimes occurred in heavy concentrations early
in the summer. This alga has been termed anomalous (Hutchinson, 1967)
and cosmopolitan (Rawson, 1944). It has been observed to form blooms
in oligotrophic lakes (Hutchinson, 1967) and in saline lakes (Casten-

holz, 1960) and in a fertilized reservoir (Smith, 1934). Hutchinson



has recorded the alga in lakes of pH 5.4-9.8. He states that the alga
seems to be able to grow without organic supplements but requires a
fairly high concentration of nutrients for optimal growth. School Bay

also supported heavy blooms of Spirogyra and of Enteromorpha intestin-
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alis vhich developed and declined several times during the course of
each suwner.

During the summer of 1966 the phytoplankton of School Bay
contained several of the green planktonic algae considered to be typt-

cal of shallow eutrophic bodies of water. Pediastrum and Scenedesnus

were present throughout the summer and the fate of their populations

{3 discussed {n Chapter 6. Tetraedron =minimus and Crucigenia irregu-

laris were present in sparse numbers (n June, and their ranks were

joined {n July by Tetraedron caudatum, Scenedesmus abundans var.

brevicauda, Schroederia setigera, Dictyosphaerium pulchellum and

Ankistrodesmus spiralis. Even at the end of August these species

still made up a saall percentage of the phytoplankton.
Several small blue-green colonials also appeared in low
numbers in School Bay during early June, 1966. These included

Gomphosphaeria lacustris, Merismopedia tenuissima, Chroococcus lim-

neticus var. subsalsus and C. limneticus var. carneus. These blue-

green species and several related forms occurred in sparse numbers

throughout the summer. Of the related forms Mgrigmooedia punctata

and Lyngbya birgei were first noted on June 16, Aphanocapsa elachista

var. conferta on July 20 and Aphanocapsa elachista on August 10.

Of the three bays, School Bay was the only one {n which motile

algae developed to any significant extent. On May 26, Phacus longi-

cauda was observed in a sample. In the June 22 and June 30 samples
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Phacus orbicularis var. caudatus was noted and on June 22 Eugleng gcus

var. rigida was also observed. Pgndoring morum first appeared in low
numbers {n the July 6 sample. It increased to a maximum on July 20.
This was also the time of large Pediastrum and Scenedesmus maxima. The
diatom Chaetoceros elmorei{ was also present i{n considerable numbers on
July 20. It reached its maximum on July 24. Three days later both the
Pandorina and Chaetoceros populations had fallen dramatically. On that

date Glenodinium sp., Glenodin{um quadridens, and Eugleng sp. were

first observed. Both Euglena and Glenodinium quadridensg were still
present on August 10, the forwmer having developed to considerable num-

bers. Another motile Irachelemongs pulcherrimg was alsoc present on

August 10. The most obvious alga, however, was the blue-green Angbaena
flos-aquae. 1t was st‘ll evident a week later but scattered trichomes

of Anabaena spiroides var. crassaq had appeared as well. Thacus orbi-

cularis was the only motile noted on that date.

The composition of the phytoplankton during the summer of
1967 was similar to that (n 1966 except that most of the small colonial
blue-greens were not comesonly found {(n 1967. When sampling began on
May 16 the dominants were Diatoma elongatum and D. elongatum var.

tenue and Cyclotella meneghiniana. By May 31 Pediastrum and Scene-

desmus were the most numerous species. They were replaced as dami-
nant on July 6 by the diatom Synedra pulchella. On July 22, a heavy
concentration of Gomphonema coincided with a bloom of Anabaena flos-
aquae. The Pediastrum and Scenedesmus populations were still in-
creasing, however, and these did not reach their maxima until

August 2. On August 17 and 23 Pediastrum and Scenedesmus were the

most common algae although their numbers were not high.
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July, 1968, in School Bay was interesting in that unusually

high numbers of Pedigstrum borygnum, Scenedesmus quadricsuds and

Botryococcus occurred to the almost complete exclusion of other plank-

tonic species. On July &4, all three species were present in high con-

centrations. Also noted in sparse concentrations were Ankistrodesmus

spiralis, Oocystis lacustris, Tetraedron minimum, Closterium leibleinii,

Cosmarium subreniforme, Fragilaria construens ver. binodis and Diatoms.

By the end of July, however, Pediastrua borygnum, Scenedesmus quadri-

cauvda, Botryococcus and Ped{astrum duplex var. clathratum were the only

algae noted in the plankton. The week of July 15 - 22 also saw the

development and decline of an unusually large bloom of Enteromorpha

intesctinalis. Spirogyra was also present in considerable quantities

throughout July.

(3.6) Comparison of the floras in Lake Manitoba, Cadham Bay and
School Bay

it is evident from the above discussion that although the
same species occasionally occurred in all three bodies of water, the
character of the phytoplankton in these areas was very different.
A heavy standing crop and an amazing diversity of species were noted
in Lake Manitoba. The phytoplankton of the lake was dominated in
May and June by a few diatom species and in July and August by a
vast assemblage of blue-green algae. The diatoms, particularly

Diatoma elongatum, have been known to favour cold water (Nalewajko,

1966, Willen, 1966, and Williams, 1964) and the blue-green algae to
favour warm water. The number of green algal species in the lake was
high but their importance to the phytoplankton as a vhole was low.
Bozniak and Kennedy (1968) noted that in eutrophic Hastings Lake in

Alberta the green algae declined somewhat as the blue-green algae



became dominant. This also occurred in Lake Manitoba. They suggested

that certain blue-greens, for example,Anabgeng flog-aquge, which was
present in the lake at this time,extruded organic compounds into the

vater. These campounds might be algicidal or algistatic to certain

green algae. Cadhas Bay was remarkable f{n 1965 for {ts wide variety of

sreen algae, particularly Oocystis, vhich dominated the phytoplankton.

A fev small colonial blue-green algae were also present in considerable
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numbers., During the sumsars of 1966, 1967 and 1968, however, the phyto-

rlankton {n the bay was sparse except for blooms of Microcystis aeru-

ginosa and Aphan{zomenon flos-aquae. School Bay was duminated by a

tvpical eutrophic Chloroconccal phytoplankton. Several representatives

of the Euglenophyta also occurred (n this bay and thelr presence

attests to the high organic content of che water.

(3.7) Importance of Chyrrids {n the Three Bodies of Water

Both Lake Manitoba and School Bay were {mportant to this
study in that several algae i{n these bays were attacked at one time
or another by chytrids. Cadham Bay {n July, 1965, was the scene of
a virulent epidemic but thereafter chytrids were practically aever

observed in that bay. On June 13 and June 20, 1966, Botryococcus

vas fairly common in the phytoplankton and most colonies observed

supported several Chytridium marylandicum thalli. This was also the

time of the Chytridium maximum on Botryococcus in School Bay. On

May 24, 1966, a single Diatoma elongatum cell was observed with a

mature sporangium of Rhizophyd{um schroeteri and on May 15, 1967 the

same chytrid was found on several Diatoma elongatum var. tenue cells.

A round epibiotic sporangium was observed on Closterium gracile var.

elongatum on August 8, 1966, and Phlyctidium scenedesmi was noted on
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a Scenedesmus quadricauda coenobium on September 24, 1966. 1In 1967, a

few scattered cells around the periphery of several huge Microcystis
colonies, were observed to support round, epiblotic sporangia. Thus
chytrids were not completely absent from Cadham Bay during the sum-
mers of 1966, 1967 and 1968 but they were exceedingly hard to find and

their i{mportance, even to the host species, was negligible.



CHAPTER &
TAXONOMY OF PLANKTON PARASITES

(4.1) Introduction

(4.11) General Comments

The tdentification of plankton parasites is not casy. Anyone
who has worked with them would probably agree with Fott (1967), who
satd: "Although {n some samples, the number of {nfected cells was ex-
tremely great, the elucidattion of the morphology and development of
the chytrid was not easy and took a long time.' Fotr was working with
~ass cultures of Scenedesmaus and at least there was no scarcity of
material. In nature the host alga te often just one of many species
oresent. 1f the alga occurs in low numbers tn a sample, and if oaly
1 small percentage of host cells is attacked, chances of identifying
the fungus are low. Canter and Lund (1953) said: "It ts often a con-
siderable time before all the diagnostic features in the life history
of a chytridiaceous fungus are known. They may not all occur during a
single period of (nfection of the host. The diatom may be rare and
there is often difficulry {n observing the life hWistory in preserved
material.' Occasionally, a mycologist succeeds {n maintaining a

fungus-alga culture indefinitely as Cook (1966) did wich Entophlyctis

reticulospora in Closterium. The developmental pattern can then be

followed more easily.

us



4y
(4.12) Scanning Procedure

When a survey was being made of all fungi growing on phyto-
plankton, 1 found {t advisable to scan live samples within twenty-four
hours of collection. This offered the best chance of seeing sporangia
discharge their zoospores. Moreover I could be absolutely certain that
the structures observed were not artifacts due to fixation, For this
reason most photographs were taksn from live material. I also found
it advisable to photograph or draw every structure vhether I under-
stood {ts significance or not. Many times the significance became
clearer after several such structures had been observed. Because
scanning was very time consuming ! ususlly derived only a general tdea
of the {dentity of a chytrid (rom the live material. A sample pre-
served at the time of collection was saved for more compreheasiva
examination later. For routine examination cotton blue in lactophenol
vas satisfactory. The rhizoids did not stain, however, 1nd one had to
adjust the light to l-~ok for refractive structures inside the host cell.
Trvpan blue, which stains the cell wall, wvas sometimes useful in
looking for the endobiotic system. Fast green also stains cell walls
but the mounting {n euparal {nvolves considerable loss of material.
Most of my material wvas too scarce to risk such a loss.

(4.13) Important Diagnostic Characters

When a chytrid is observed growing on an alga, the first step
in its identification {s to compare its appearance with any fungi known
to grow on that alga. If the alga has not previously been known to be
attacked by chytrids, or {f the fungus observed does not fit any of the
descriptions, the vorker must start looking for important diagnostic

characteristics. One fundamental aspect is the relationship of the
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thallus to the substratum, whether {t is growing ineide a cell, sessile

on it, or some distance from the cell, and whether the rhizoids have
attacked one cell or several. Related to the criterion ment foned

above is the developmental pattern of the fungus, or, in other words,
the relationship of the zoospore cyst to the mature thalius. The mode
of sporangium discharge is also (mportant. If {(t {s {mpossible to find
a discharging sporangium, one should look for traces of an operculum
lving near the empty sporangfum. The character of the endobiotic
portion of thallus te {mportant and usually quite difficult to observe.
Cells bearing empty sporangia are the best place to look for rhizolds
since the host cell contents have been largely digested by this stage.
Resting spores are generaiiy hard to find but the character of their
vall and their method of formation are often essential {n delimf{ting
species. One must generally observe i{mmature resting spores if one

is to determine wvhether a sexual process has been involved. Lastly,

it {s wise to note the appearance of algal cells not attacked by the
fungus. This will give clues as to the nature of the fungus attack;
wvhether the fungus is a saprophyte or a parasite.

(4.14) Anaomalous State of Chytrid Taxonomy

There are very few taxonomic criteria which are clear cuc {(n
the Chytridiales. Not only are there exceptions to practically any
generalization, but also the authorities do not agree on the relative
{importance of the various distinguishing characteristics. Sparrow
uses holocarpy and eucarpy along with the relatfon of the thallus to
the substratum to separate the chytrids into families. Whiffen (1944)

maintains that this is very satisfactory for parasitic chydrids but that
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saprophytic chytrids show considerable variability in the relationship

of the thallus to the substratum. Koch (1957) discusses the case of

Phlyctochytrium punctatum, 3 saprophytic chytrid. The rhizoidal sys-

tem {s generally completely endobiotic and the epibiotic sporangium tis
sessile on the substratum. Sometimes, in di{stilled water/ pine pollen
cultures, however, mature thall{ have been seen with much branched
rhizoidal systems external to the substratum and with the tips of the
rhizoids penetrating as many as three pollen grains. He concludes:

“This range of variation is (nteresting particularly in view of the

fact that the i{nterbiotic thallus is a feature of the family Rhizidiaceae

and not of the Phlyctidiaceae, in which Phlyctochytrium belongs."”

There are very few mecasurable characters which can be used to
separate the sporangia of different chyctrid genera. One criterion
which can usefully be considered is the sequence of thallus develop-

ment. Xarling, for example (1967), placed Paterson's Phlyctochytrium

unispinum {n a new genus because the development of the thallus was
primarily endobiotic at first, and the epibiolic sporangium developed
by an expanding and splitting of the zoospore cyst wall rather than
just expanding of the wall. Whiffen (1944) defined five types of
thallus development in terms of the relatioaship of the thallus to the
zoospore cyst and to the germ tube. The substratum was ignored.
Whiffean's developmental types have meri{t i{n that they helped me to
understand chytrid morphology better. Whiffen proposed that develop-
mental sequence should form the basis of a phylogenetic separation of
the chytrids. Unfortunately, this characteristic is not a constant

one, and in some of the saprophytic species like Diplophlyctis neph-

chytrioides three types of development of thalli have been observed



(Karling, 1967).

Sparrow separates the families of the order Chytridiales fnto
two parallel series depending upon the type of zoospore discharge.
This characteristic, he says, is absolute in {ts constancy. Conse-
quently he consi{ders this criterion to be of paramount importance.

Koch (1957), however, reported that {noperculate and operculate dis-

charge occasionally occurred on a single sporangium of Phlyctochytrium

frregulare. Karling observes, (1967) cthat a separation of chytrids
{nto different fami{lies on the basis of operculation "places undue
taxonom{c emphasis on the presence of an operculum above the generic
level and relegates close similaritiaes {(n develogment, morphology
and life cycles to secondary positions.”

The character of the rhizoidal system is used in Sparrow's
{nonerculate series to separate genera but not {n the operculate
series. The distinction {nto different gencra (s admittedly some-
wvhat arbitrary since there are intergrading typea. Couch (1932)

pointed out that Phlyctochytrium differs from Rhizophydium in the

sresence of an apophaysis on the rhizoidal system of the former.

In Phlyctochytrium halli{, however, while the apophysis is small

but usually distinct, it sometimes seems to be entirely lacking.
Nevertheless, he states that "it is better for the sake of con-
venience to retain the two genera and to deal as best we can with
intergrading forms."

By far the majority of chytrids seem to produce resting
spores by asexual means if they produce them at all. Among the
eucarpic species that do possess sexual reproduction, there seems

to be no typical method, even within a genus. It usually involves



some sort of conjugation process but there are many varieties on
this theme. Sexual reproduction {s a characteristic useful only
to separate species within a genus., Only the genus Zygorhizid{um
is separated on the basis of the type of resting spore formation.

Many chytrid species have been delimited on the basis of
host range or substratum type. That this may sometimes be a valid
procedure (s exempliffed by Johnson's (1957) di{lemma with an
Olpidium species. He tentatively i{dentified the fungus which he
found in a marine diatom, Melosirs., ae Qlpidium entophytum, This
species, however, had previously been described from fresh water
green algae. Johnson made no attempt to assess the relative
taxonomic {mportance of substratum and habitat as opposed to
marphology.

The scarcity of characters upon which the taxonumy of
chytrids can be based and a similar lack of information on the
variabili{ty {nhereat in any given population, has hindered the
development of a modern system of taxonomy. The present classi-
fication system was set up mainly for convenience. The characters
upon vhich the system was based have, however, proved {nadequate
and the setting up of a new system might be a worthwhile under-
taking.

Because of the current uncertainty as to the limits of
chytrid species and genera, the best that one can do, when con-
fronted with an apparently new fungus, is co try and match {t
first at the species level, then at the genus level and finally
at the family level if it does not fit the characteristics of any

known genus or species.



(4.2) Chytridium deltanum n. sp.

OQocystis species in the plankton of Lake Manitoba and the
Delta Marsh waters were occasionally attacked by a species of Chy-
tridium. The development of the fungus was easiest to follow on

Oocystis crassa, the largest species attacked, and (s theref-re

regarded as typica!. Var‘ations in morphology on other host
cnecies will be discussed later.

(4.2]1) Developmental Sequence

The zoospore is spherical (1.5 diam.) with a prominent
refractive globule and a posterior flagellum about 8p long (Figure
5). 1t encysts on the gelatini{zed, expanded parent cell wall of
she host and sends a fine penetration tube through the aembrane to
the nearest host cell. Even before germinating, the zoospore cyst
measures 1.5-2.5p diam. and {s obovate in shape. Iinside the host
cell, the main axis extends a short distance and develops {nto a
spherical apophysis 3.0-7.5,: diam. Outside the host cell the garm
tube enlarges to form an almost cylindrical structure. Sometimes
part of the germ tube nearest the host cell does not expand. This
results in a stalked sporangius rather than one sessile on the
host. The distal part of the expanding germ tube developes faster
80 that the sporangium becomes pyriform {n shape. The zoospore
cyst, not as yet expanded, forms the apex of the sporangium. As
the sporangium matures, the cyst disappears and a blunt apex takes
its place. The zoospores appear to be fully formed prior to dis-
charge since 1 have several times seen zoospores inside sporangia
wvhich were dehiscing at the time of fixation. Empty sporangia do
not collapse and a strongly convex opercuium 5.0-8.5p long and 3.0-

5.3 in depth is occasionally observed nearby. When stalk length



FIGURE 5

Chytridium deltanum, asexual development on QOocystis crassa.

a, germinated zoospore cyst; b, d, developing sporangium;

¢, nearly =mature sporangium with endobiotic apophysis visible;
e, zoospore still inside sporangium at the time of fixation:
f, mature sporangium; g, four empty sporangia on one host cell;

h, empty sporangium with operculum lying neardby. X 900.






and the operculum are ignored, empty sporangia range in size from
6.5 x 9.0p and 17.0 x 21.5% . These are measured rather than mature
sporangia which are scarce.

At first the cytoplasms of a developing sporangium appears hamo-
genous except for one or two refractive globules derived from the zoo-
spore cyst. However, as the sporangium assumes its mature shape, the
cytoplasa becomes granular and the globules disappear. Distinct re-
fractive droplets reappear in the cytoplasm when the sporangium (s
aature.

As the germ tube of a germinated zoospore cyst begins to
expand, the contents of the host cell shrink away from the wall and
large refractive globules appear in the host cytoplasm. The chloro-
~lasts become discoloured and degenerate to colourless granules after
sporangium dehiscence. Infected cells may appear as much as twice the
size of healthy cells. This probably results wvhen the unattacked cell
in a coenobium divides to produce two daughter cells leaving the dyinyg
cell at its original size.

Resting spores are produced sexually, the result of game-
rang{al copulation (Figure 6). A motile cell, probably the male,
encysts near the female thallus. The latter resembles a germinated
cyst and measures 2.5-3.0p diam. The male gametangium ranges from 1.5 -
2.5 in diam. and is often the same size as the female thallus.
Generally the female thallus has germinated before the male thallus
makes contact by means of a conjugation tube. Twou instances however,
were noted in which the germ tube from the female thallus had not yet
reached the host cell although the male thallus wvas already joined

to the former by means of a comjugation tube. That there is some form



FIGURE 6

Chytrid{um deltanum, sexual production of resting spores in 0.

crassa. a, male gamstangium encysted on a female gametang{um
which has already germinated; b, two male gametangia wicth con-
jugation tubes joining them to a female gametangium whose zern
tube has not yet penctrated host cell; ¢, a pair of gametangla
in which the germ tube from the female has not yet penetrated
host cell; d, host cell contains a vacuolate immacure resting
spore with empty gametangia still attached by germ tube; e,
mature resting spore, note decoration on wall; £, host cell
contains immature and mature resting spores (note kneb on the
wall of the mature resting spore); g, tmmature resting spore;
h, {, mature resting spores (note empty gametangla tn h).
Empty sporangia are also attached to the host cells in d,f . h.

X 1000.
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of attraction of the male gametangia (s suggested by the large clusters

of gametangia (ranging from 3 to possibly 10 or more) occasionally ob-
served i{n 1965 and 1966 material at the hetght of virulent epidemics

on Qocystis crassa and Qocystis lacustris, respectively. The contents

of the male element move into the female and the unfted cytoplasm

moves {nto the host cell through a germ tube. The resting spore de-
velops endobiotically. 1In {ts {omature stages it {s spherical with
highly vacuolate contents and a thin wall. A slight knob on one side
marks the attachment of the germ tube. The =mature resting spore s
spherical or occasfonally ovarte (7.3-13.qF diam.) with a large, eccent-
ric vacuole and a colourless, mmcoth or sranular wall. Empty male and
female thalll are not always found assoctated with the resting spores.
Tt {s poasible that resting spores occasionally develop asexually, but
=ore probably the empty siructures have been knocked off the host cell.

(4.22) Comparison of Thallus Morphology on Different Sub-
strata

The fungus was observed t > attack nor only Oocystis crassa

but also Oocystis lacustris, Oocystis submarina and Oocystis narva.

Interestingly, Oocystis eremosphaeria occurred in considerable num-

bers {n the phytoplankton during the 1965 epidemic but was not attacked
by this fungus.
The development of the chytrid on these hosts was similar to

that on Oocystis crassa (Figure 7). However, zoospores encysted a short

distance from the parent cell wall of Oocystis submarina and the

sporangium developed only from that part of the germ tube outside the

parent cell wall.



FIGURE 7
Chytridium deltanum, development on Oocystis lacustris,
a-e, and on 0, submarina g-1.
a, germinated zoospore cyst (single line denotes parent
cell wall and double line denotes host cell wall), b, ma-
ture sporangium on one cell of three in the coenobia,
note apophysis inside host cell; C, empty sporangia;
d, empty sporangium with operculum lying nearby; e, zoo-
spore still inside sporangium at time of fixation; €,
mature resting spore; g, germinated zoospore cyst; h, de-
veloping sporangla (note the one endobiotic apophysis);
i, macure sporangium; §, empty sporangium whose stalk
pcnetrates two parent cell valls; k, mature resting

spore; 1, vacuolate {mmature resting spore. X 950.
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TABLE 6

RANGE OF SIZES OBSERVED ON 3 SPECIES OF QOCYSTIS
DURING THE SUMMERS OF 1965, 1966, 1967 AND 1968,

Host Zoospore Apophysis Discharged Resting
cyst Sporangfum Spore

Qocystis crassa 1.5-2.5p 3.0-7.5p 6.5 x 9.0p 7.3 - 13.0p
17.0 x21.5p

0. lacustris 1.5-3.0p 3.0-5.7p 7.0 x 7.0p 6.0 - 9.2p
13.0 x18.0p

0. submarina 1.5-2.0p 1.5-3.0p 3.5 x 3.5u 5.0 - 9.2p
7.0 x 7.0p

The size ranges of thalli on different hosts overlap slightly.
Nevertheless, there are significant differences in s{ze, not only be-
tween individuals on different host species, but also between indivi-
duals on the same host {n different summers (Table 7). For example,

sporangia on Qocystis crassa in 1965 were significantly larger than

those on the same host {n 1967. However, there was no significant dif-

ference between sporangla on Oocystis lacustris i{n 1965 and 1967.

During the summer of 1965 sporangia on Oocystis crassa were significantly

larger than those on Oocystis lacustris, and the latter wvere signifi-

cantly larger than those on QOocystis submarina. Apophysis diameter was

less variable but there was a significant difference between apophyses

{in Qocystis crassa and Oocystis lacustris in 1965 material. Similarly,
there was a significant difference between resting spores in Qocystis

crassa and Oocystis lacustris but no significant difference between

those {n Qocystis lacustris and Oocystis submarina.

The differences in thallus size on the various Qocystis
species are a reflection of the differences in size of the hosts them-

selves., Of ten Oocystis crassa cells selected at random from the 1965
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TARLE 7

COMPARISON OF CHYTRIDIUM DELTANUM THALLUS SIZES ON
DIFFERENT HOSTS AND ON THE SAME HOST IN DIFFERENT YEARS

APOPHYSIS DIAMETER

Host n b t P

0. crassa 1965 17 35.5941 £ 2,9153

0. laecustris 1965 5 3.1800: 0.9857% 3.8041* .O1>P>.001
0. submarina 1965 7 2.4714=1.7309~> 1.9634 .15P5 .05

lacustris 1965 S 3.1800 = 0.98587
lacustris 1967 12 4.0666* 2.0905> 1.9715  .1>P ).0s

Iolo

RESTING SPORE DIAMETER

Host n x t P

0. crassa 1965 14 11.3714=2.7473

0. lacustris 1965/67 9  7.8555: 2.3671%‘““::* 1”?'0035
0. submarina 1965 20  7.0100: 2,185s.” 201 1> P>,

DEHISCED SPORANGIA: PRODUCT OF LENGTH X DIAMETER (STALK, IF
ANY, IGNORED)

Host n b t 4

3.6893% p<.001

0. crassa 1966 29  174.3448 > 119.4720
O. crassa 1965 22  241.2840 * 147.7530

0. lacustris 1965 S  114.9000 = ss.sau%é-;;gf* 0L 001
0. lacustris 1967 28  108.0357 = 107.3469~ - >

0. lacustris 1965 5  114.9000 = 88.8874

O. submarina 1965 9 26.8055 + 24.9328~8:0713x P .001

Confidence limits computed from standard error of the mean,
not from pooled standard error of the difference of two
means

All measurements taken at X1000 except sporangium measure-
ments which were taken at X400



materfal, the length and diameter ranged from 20.0 x 25.0p to 29.0 x
34.0p with a typical cell measuring about 21.5 x 27.0p. In Qocystis
lacustris the cells range from 8.0 x 12,3 to 20.0 x 25.0p with a typi-

cal cell measuring 14.5 x 20.0p. 1In Oocystis submarina the cells are

smaller still, 4.0 x 11.0p to 7.0 x 18.0p, and a typical cell measures
5.5 x 16.51. The position of the resting spore inside a host cell
varies with the size of the cell. The spore lies free inside the cell

{n both Oocystis crassa and Oocystis lacustris, but in QOocystis sub-

marina the spore {s wedged tightly {n the middle of the cell,
Whether a sporangium is sessile on the host cell, or stalked,
{s another characteriszic which varies with the host and from year to
year on the same host.
TABLE 8

NUMBERS OF STALKED AND SESSIL CHYTRIDIUM DELTANUM SPORANGIA COUNTED
IN DIFFERENT YEARS ON O. CRASSA, O. LACUSTRIS AND O. SUBMARINA

0. crassa 1965 1966 0. lacustris 1965 1967 Q. submarina 1965
no stalk 38 21 no stalk 17 10 no stalk 1
stalk 2 9 stalk 0 18 stalk 10
Possibly this reflects a nutritional relatfonship between the host and
parasite just as variations in thallus size reflect greater or lesser
amounts of available substrate (Bostick, 1968). At any rate, the
range of variation in this fungus (s considerable and, {n the absence
of resting spores, it would be difficult to prove that only one species
is involved.

Studies on thallus variability on different substrates or dif-
ferent hosts are not new. Karling (1928) measured the sizes of zoo-

spores, sporangia and resting spores of the saprophyte Entophlyctis

[ P
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heliomorpha as they occurred on three species in the Characeae. The

three structures were of similar size in cells of Chara coronata and

tiltella flexilis. However, {n Nitella glomerulifera the sporangia

were up to twice as large, and the resting spores were somewhat larger
than on the other two species. Zoospore size was constant on all three
species. Paterson (196)) found a correlation between substratum size

and sporangial size in Rhizophydium globosum. He noted considerable

variation {n the rhizoidal system but the spherical shape and size of
the zoospores, the spherical shape of the sporangia and the number of
discharge pores in the sporangia remained constant. Johns (1964) also

nated varlation in slize and morphology of Polyphagus starrii sporangia

on different hosta, He frund zoospore size and restinyg spore size to be
similar on all host species tested. Johns concluded that unless exten-
sive inoculation experi=ments have been undertiken, the use of host
specificity as a taxonomfc character i{s of dublous value. e stated,
moveover, that the observation of a fungus on a single host might lead

to a limited view of {ts morphology. Barr and Hickman (1967) found that
different isolates of the same species may have different pathogenicitles

and host ranges. Their (solate of Rhizophyd {um sphaeruvcarpun was a

narasite attacking several members of the Zygnematales while Paterson's
isolate was a saprophyre attackiny a wide range of algae in different
srders. They also noted considerable vartability in the rhizoidal

svatemn of Rhigophydium sphaerocarpum on the same host species. The

rhizoids of R, karling!i showed a wide range of varfation depending on

the substratum. Bernstein (1968) found that zoospores of Rhizophlyctis

rosea varied little on a grass substratum but considerable variation in

size and appearance of the zoospores was noted on agar media.
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It {s =pparent therefore that sporangial size and shape,
the rhizoidal system, zoospore size and appearance and resting spore
size can vary consideradbly within the same {solate depending upon the
substratum, Host range and pathogenicity can vary within the same
species. Resting spore formation seems to be a character of greater
constancy and therefore more reliable as a taxonomic criterion.

(4.23) Discussion of Asexual Developmental FPattern

The asexual developmental pattern of the chytrid on Qocystis
anecies §s one which has been described previously for only a few chyt-
rids. These fungt tvplcally attack colontal algae vhose cells are em-
hedded {n a thick gelatinous sheath. The zoosporre encysts on the
sheath surface and sends a delicate gera tube through the gelatinous
miterial to the nearest host cell. The endobiotic portion of the
thallus senerally is not extensive. The sporangium develops from the
zoospore cyst and the whole or part of the germ tube. Canter (1950)

reviewed four {noperculate specties, Dangeardis narmillata Schrdder,

Phlveridiuva eudorinae Gimesi, lLoborhiza merzner!l Hanson and Rhizophidium

anomalum Canter, 3all of which exhibit this pattern of development.

ta another paper, Canter (1950) described the operculate Zygorhizidium

parvum, with an asexual developmental pattern similar to the inopercu-
late species. The present species on Oocystis differs from those
species mentioned above in that the germ tube must grow through a

gelatinous membrane rather than a thick sheath since Qocystis cells lie

free inside the expanded parent cell wall.

(4.24) Discussion of the Genus Chytridium

Because the zoosporangium is operculate and the resting spore



endobiotic, the chytrid on Qocystis clearly belongs to the genus
Chytridium. Up to this time only two species, Chytridium sexugle Koch,
and Chytridium {sthmiophilum Canter, in this large genus, have been
known to undergo sexual reproduction. Koch's fungus differs from the
present species {n three important characteristics: 1) in Chytridium
gsexugle only the part of the zoospore cyst distal from the host expands
to form the obpyriform, generally slightly twisted sporangium, 2) the
feanle thallus of C, gexugle resembles a young sporangial thallus and
3) short blunt warts cover the resting spores of C, sexuale. In the
species on Qocystis it is the proximal part of the zoosporc cyst along
with the germ tube wvhich enlarges to form the sporangium. Moveover,
the female thallus appears to be little more than a germinated cyst

and the wall on the resting spore is smooth. The asexual development

of Chytridius {sthmiophilum differs from that of the Manitoba chytrid

in that the ovate sporangium develops from the zoospore cyst. The
sexual process (s different too. The male gametangium encysts directly
on the apex of the female thallus. Whether the latter has germinated
prior to the encysting of the male is not knowm, It is therefore sug-
cested that the Manitoba chytrid has not previously been described and

that a new species, Chytridium deltanum, should be erected.

(4.25) Chytridium deltanum n. 8p.

Sporangium ovoideum, 3.5-21.5p bagum, 3.5-17.0p latum, mem-
brana laevi, hyalina, nisi ad apicem intra lumen parietis expansi hos-
pitis. Apophysis spherica 1.5-7.5p diametro ex trunco oriens minimo
spatio intra cellulam. Zoosporae sphericae l.5p diametro cum centrico

refractivo globulo et posteriore flagello circa By longo, emergentes
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post operculum valde convexum separatum. Operculum 5.0-8.5p latum,

3.0-5.5p profundum. Sporae perdurantes intramatricalae, sexuales,
globosae vel parum ovoideae, 5-13y latse, tunica laevi, materia con-
tenta homogenea et vacuola magna excentrali. Masculina cellula 1.5-
2.5p diametro, conjuncta tubo brevi cum femineo thallo 2.5-3.0p dia-
metro. Germinatio sporae perdurantis non observata. 1In Oocystis spp.
parasiticum Cadham Bay et Lake Manitoba.

Zoosporangium ovate, 3.5-21.5p long by 3.5-17.0p in diamecer,
wall smooth and colourless, usually located except for the apex within
the lumen of the envelope enclosing the host cells. The spherical
apophysis, 1.5-7.5¢ {(n diamater, arises from the main axis a short dis-
tance inside the cell. Zoospores spherical, 1.5p in diameter, with a
prominent refractive globule and a posterior flagellum about 8y long,
emerging after detachment of a strongly convex operculum 5.0-8.5p wide
with a depth of 3.0-5.5u. Resting spore endobiotic, sexually formed,
globose or slightly ovoid, 5-13p in diameter with a smooth wall, homo-
geneous contents and a large eccentric vacuole. The male element 1.5-
2.5p in diameter, joined by a short tube to the female thallus 2.5-
3.0p in diameter. Cermination of the resting spore has not been ob-
served. Parasite in VDocvstis spp. in Cadham Bay and Lake Manitoba.

(4.3) Chytridium geltanum? On Pectodictyon cubicium

A chytridiaceous fungus was observed to attack the planktonic
green alga Pectodictyon cubicum Taft in Lake Manitoba during July and
early August, 1966, 1967 and 1968 (Figure 8). The frequency of this
alga in the phytoplankton was so low that {t seemed unlikely that the
fungus was specific to this alga. Moreover its appearance, simultaneous

vith the attack of Chytridium deltanum on Oocystis spp. suggested that



FPIGURE 8

Chytridium oocystidis a-d, Chytridium deltanum on Pcc:mllctzon
cubidum e-g, h-f, Chytridium deltanun on Oocystis parva j-k,

Rhizophydius sp. on Chytridium deltanum on 0. crassa. a, heavily

infected O. lacustris coenobium including germinated zoospore
cysts, a developing sporangium and empty sporangia (note oper-
culum inside uppermost sporangium); b, mature sporangium;

¢, once branched rhizoid attached to empty sporangium; d, two
eapty sporangia on O. crassa; e, germinated zoospore cysts;

£, developing sporangla; 8. empty sporangia (note dense granular
appearance of dead host cells); h, émpty sporangium on 0. parva
(note operculum nearby); i, partially collapsed empty sporan-
gium on C. deltanum on O. parva; ), k, empty partially collapsed

Rhizophydium sporangta on developing C. deltanum sporangia.

X 950.
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this might be the same fungus. The developmental pattern on Pecto-

dictyon vas simfilar but I was unable to find such important diagmostic
structures as an oparculum, an endobiotic apophysis or endobiotic
resting spores. The obovoid zoospore, 1.5p diam., with a prominent
eccentric globule, encysted on the gelatinous sheath and sent a deli-
cate germ tube through the mucilage to the host cell. The germ tube
expanded first, and then the zoospore cyst, to produce an obovoid spor-
angium whose blunt apex looksd as {f {t might be operculate. At matur-
ity the sporangium contained many ofl globules. The small size of the
host cells, 7.5-10.0p dism., and the dense contents made it difficult
to find the endobiotic portion of the thallus. The dehisced sporan-
gium retained its shape or became slightly irregular in outline.

(4.4) Rhizophydium sp.

A chytridifaceous hyperparasite was observed on Chytridium
deltanum in materfial from Cadham Bay during mid-July, 1965, and from
Lake Manitoba during late July, 1966, and early August, 1967 (Figure 8).
Several short unbranched rhizoids penetrated the host cell from a com-
mon noint on the spherical sporangium which measured 12-18y diam.

The cytoplasm of the mature sporangium looked granular and there were
no obvious oil droplets. The apex deliquesced and the slightly oval
zoospores, 1.5 diam, vith a posterior flagellum 14-18p long, escaped
en masse and remained quicscent a few seconds before darting off. They
were hyaline in appearance but lacked an obvious oil globule. The
empty sporangium became quite irregular in outline. The hyperparasite
was rare; never more than one or two {individuals were spotted in a

collection.
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(4.5) Chyeridium @ocystidis Huber-Pestalozzi

This fungus was first described growing on Oocystis lacustris

{in 1944 from Switzerland. In the Delta waters {t was observed to

attack Oocystis lacustris and to a lesser extent Oocystis crassa.

A coenobium of Qocyst{s lacustris sometimes included many

daughter coenobia clinging together in a large clump. All stages in

the development of this fungus could generally be distinguished on such
a clump (Figure 8). The obovoid zoospore, encysted on the parent cell
wall, measured 2.6y diam. and contained a praminent ofl globule 1.3-1.6p
diam. The zoospore cyst sent a find germination tube through the parent
cell wall to the nearest host cell. Inside the cell the germ tube ex-
tended some distance. Tt appeared in several instances to branch once
near the tip. However, Hubor-Pestalozzi stated that he found only un- ‘

branched rhizoids inside host cells. In most instances, cell contents

nade it difficult to distinguish rhizoids at all. The sporangium de-
veloped fram the zoospore cyst and this development was generally such
that the sporangium was at an oblique angle relative to the stalk. The
nature sporangium was asymmetrically ovate or pyriform with a blunt
apex. It ranged from 3.5%5.5 to 9.0x16.0p with a typical sporangium
measuring 6.5x10.5s. These limits were broader than the 13.0-14.5p
length and 5.5-7.8p width reported by Huber-Pestalozzi{. The refractive
globule of the encysted zoospore enlarged as the sporangium matured so
that the cytoplasm appeared to consist almost entirely of two or three
of these globules. Dehiscence was operculate and the slightly convex
operculum, 2.6p wide with a depth of 0.7-1.3p, was occasionally Found
near the empty sporangium. The host cell appeared healthy at first but
as the sporangium matured the host cell contents were reduced to a few

granales.
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(4.6) Chytridium marylandicum Paterson

This fungus was described by Paterson on Botryococcus braunii.
It is a highly specific saprophyte and has never been observed on any

alga other than Botryococcus. The first stage i{n the development of

this fungus {s the encysting of a zoospore a short distance from the
coenobium (see Figure 9). The cyst, 2-3p in diameter, germinates and
sends a germ tube {nto the mucilage surrounding the cells of Botryo-
coccus. Inside the mucilage a spherical prosporangium develops and
the cytoplasa from the roospore flows into this. As this structure
approaches maximum size, 7.0-14.5p, a small bud develops. This be-
coaes an obovoid or ellipsoidal sporangium which protrudes out of the
host mucilage into the open water. All the cytoplasm enters the spor-
angium and i{s eventually cleaved into szoospores. A definite wvall se-
parates the maturing sporangium from the empty prosporangium. The
mature sporangium ranges from 7.0 x 9.0p - 14.0 x 16.5. The com-
pletely formed zoospores emerge in a clump from the sporangi{um with no
obvious effort on their part. They push the slightly convex operculum
ahead of them. After resting a few minutes, the zoospores swim awvay.
No trace of resting spores was found in material from 1965, 1966, or
1967. However, one dead Borryococcus coenoblum was found in a July 29,
1968 sample from Lake Manitoba which contained mature endobiotic
resting spores, possibly of Chytridium marylandicum. The resting spores
ranged from 13-14p in diameter, had very thick walls, granular cyto-
plasm and a large eccentric vacuole. They appeared to be produced
asexually. Zoospore cysts on the outside of the coenobium measured
3.0p in diameter which is right for this species. Pyriform resting

spores of a hyperparasite were observed {nside sporangia in a dense



PIGURE 9

Chytridius marylandicum on Botryococcus brgunni. a, germinated
zoospore cyst which has not yet reached algal coenobium: b, de-

veloping prosporangium which 1s inside the eolonial muc{ lage, not
inside the host cell drawn underneath {t; ¢, gerwminated zoospore
cysts one of which has not penetrated colonfal mucilage (a bac-
terial filament and {ndividual bacterial cells are attached to
the coenobium); d, prosporangium within the colonial muct lage
(note incipient sporangium beginning to gf¥ow out from the pro-
sporangium); e, sporangium developing outside colontal mucilage
with cytoplasa flowing from prosporangium {nto the new struccure;
f, immature sporangium; g, mature sporangium (note empty pro-
sporangium separated by wall in £ gnd 8): h, mature resting
spores inside the mUcilage; j, k, mature resting spores of
hyperparasite inside devgloplng C. marylandicum sporangia

(), note appearance of cytoplasa inside resting spore)

(k, note sculpture on resting spore wall). X 1000
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dense stand of Chytridium marylandicum on a Botryococcus colony on

July 10, 1968. The spores ranged from 7.0-8.5u in diameter and from
8.5-10.5p in length.

The above description of Chytridium marylandicum agrees
closely with Paterson's original description. However, the sporangia
and prosporangia in the Delta material were slightly smaller than those
previously described. Paterson found no trace of resting spores.

(4.7) Chytridium sp.?

An exceedingly robust saprophyte was observed on dead and

disintegrating colonies of Botryococcus braunii{ from School Bay

August 3, 1966 and June 14, 1967 (Figure 10). A zoospore cyst 3.0p
diam. germinated to produce a robust rhizoidal system. Usually an ir-
regular apophysis was distinguishable but sometimes the sporangium

wvas subtended only by a thick, rhizotid trunk. The cyst developed into

a large, thin-walled, spherical sporangium ranging from 21.5-57.0p

diam. The apophysis, when obvious, ranged up to 25 x 30p to 36 x L3p
in stze. Rhizotlds varied from 7p thick down to very fine threads. The
material containing this fungus was sparse and only empty sporangia

were observed. A piece of wall material outside one sporangium sug-
gested that discharge might be operculate. Several thicker walled
structures were noted which had similar robust rhizoidal systems, large
vacuoles, and one or two cysts, }.0Op diam. attached. These structures
generally seemed to be found inside the coenobium racther than protruding
from {t as did the sporangia. It is possible that these structures were

resting spores. Paterson (1958) described a parasite of Botryococcus.

Although the endobiotic portion of the thallus consisted of an apophysis
and possibly rhizoids, the Michigan fungus is not at all similar to the

Delta one in growth habit.



PIGURE 10
Robust saprophyte on Botryococgus brauni{. a-c, lmmature thallt;
d, e, empty sporangia; f, empty sporangium with sttached oper-
culum?; g, thick-walled endobiotic structure, possibly a resting
spore; X 889; h-j, habit of fungus on host; h, thick-walled
structure vith one empty cyst attached: {, thick-walled structure

with two empty cysts attached: }, empty sporangium; X 35S.
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(4.8) Phlyctidium scenedesmi Fott

Fott described a virulent parasite attacking mass cultures of
Scenedesmus quadricauda i{n Czechoslovakia. He named the fungus Phlyc-

tidium scenedesmi. 1 observed this chytrid growing on Pediastrum bory-

anum and Scenedesmus quadricauda in School Bay during 1965, 1966, 1967,

and 1968. The development of the parasite on Pediastrum boryanum was

similar to Fott's description of Scenedesmus (Figure 1l1). The encysted
zoospore 1.5 in diamter, vas spherical and contained a prominent oil
globule. Inside the host cell the germ tube grewv a short distance and
developed a spherical apophysis 2.0-3.5p diam. The sporangium de-
veloped from the zoospore cyst. It appsared spherical when the
vediastrum coenobium lay flat, but when it wvas tilted the sporangium
vas broadly ovate in shape and ranged from 3.0 x 4.5¢ to 7.0 x 8.5p.
The discharge pore was apical. Empty sporangia did not collapse, but
appeared to have very thin walls. Resting spores were observed only on
July 20, 1966. They varied from 5.0-6.5s diam. and contained a centric
vacuole. Fewer measurements were made on chytrid thalli on Scencdesmus
bacause they were harder to find. However, of the few measured, zoo-
spore cysts ranged from 1.5-2.0p diam. and mature sporangia varied
from 4.5 x S.5p to 8.5 x 10.0p. As Fox described for Scenedesmus, the
contents in parasitized Pediastrum cells turned orange thereby making it
difficult to discover what the endobiotic portion of the thallus wvas
like.
(4.9) Phlyctidius bumilleriae Couch

A chytrid resembling Couch's description of Phlyctidium

bumilleriae was observed to attack Staurastrum pinque, Staurastrum

chaetoceros, Staurastrum muticum and Staurastrum cuspidatum var. divergens



PIGURE 11

Phlyctid{un scenedesmi on Pediastrum boryanum; Rhizophydium couchii

on Pediastrum duplex var. clathratum and P. duplex var. retf{culatum,

a-f, Phlyctidium scenedesmi{ on Pedi{astrum boryanum.

a, habit of fungus on host, thin-walled structures are empty
sporangia, thick-walled structures are resting spores. Note
apophysis on one sporangium; b, {mmature thallus consisting of
apophysis and developing sporangium; c, mature sporangia; d,
empty sporangia with endobtiotic apophyses; e, empty sporangium;
f, resting spores.

g-h, Rhizophydium couchtii on Ped{astrum duplex var. clathratum.

8, empty sporangia, note endobiotic rhizotids and slight cthickening
on wall of two of the sporangia; h, resting spores ,note attached
empty male thalli,

t-n, Rhizophydium couchi{ on Pediastrum duplex var. reticulatun.

{, adjacent cysts, possibly inciptent gametangia; ), zoospore
cysts or developing sporangia; k, {mmature sporangium; 1, mature

sporangium; m, empty sporangium: n, resting spores. X 886,
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{in Lake Manitoba. Reynolds described the attack of what appears to be

the same chytrid on a Staurastrum sp. in England in 1939, He {dentified
the host organism as S. paradoxum but Brook, in his paper on the taxo-
nomy of the genus (1959), stated that the host organism was probably

S. chaetoceros. Reynolds made no attempt to identify the chytrid but
did include one figure in his paper.

In Lake Manitoba, this chytrid was observed most frequently
on the 4-radiate form of Staurastrum pinque (Figure 12). It wvas
generally found at the isthmus but occasionally a sporangium was noted
attached to one of the apices. Zoospore cysts were never seen, possibly
because of the difficulty of detecting them in the isthmus. Developing
sporangia vere almost as hard to find. Empty sporangia were spherical
in shape with rigid walls. The slight curve of the wall outwards
around the large discharge pore suggested that a slight papilla pro-
trudes from the sporangium prior to discharge. Empty sporangia on S.
pinque varied from 7-12p and the few seen on §, chaetoceros ranged ffom
S-8p. In several instances resting spores were observed on S. pinque.
They were similar in size to the sporangia and contained a large re-
fractive globule. They appeared to be formed asexually.

(4.10) Rhizophydium couchii Sparrow

This chytrid has been described as a parasite of Spirogyra

and Mougeotia sp. The characteristic distinguishing this chytrid from

similar Rhizophydium species {s the production of resting spores by

gametangial conjugation. A fungus closely resembling Sparrow's species
was observed to attack senescent coenobia of Pediastrum duplex var.
clathratum and P. duplex var. reticulatum in Lake Manitoba during the

summers of 1966, 1967, and 1968 (Figure 10). The zoospores encysted on



FPIGURE 12
Phlyctidium bumilleriae on Staurastrum pinque and Rhleo&ﬁlm

schroeter{ on Diatoma clmgtm.

a-c, Phlyctidium bumilleriae on Staurastrum pinque. Empty sporangia
(note possible endobiotic haustorium inc);

d-q, Rhizophydium schroeter!i on Diatoma elongatum. d, developing
sporangia (note branching rhizoid ocutside cell in lower spor-
angium); e, developing sporangium; £, h, j, germinated zoospore
cysts; g, germinated zoospore cyst (note that germination tube
grows along outside of host cell and ends (n a granule); i, ger-
minated cyst with branched gerwmination tube; k, 1, m, developing
sporangia (note granule at end of rhizold on each of fts branches);
RN, mature sporangia; O°-p, empty sporangla; 9, composfte drawing

of the fungus on a colony of Diatoma elongatum var. tenue.

X 1000.
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host cells, are obovate and vary from 0.7 x 1.5p to 1.5 x 2.0p. The

zoospore cyst develops into a spherical sporangium 2 - 11p diam. with

1 - 3 lateral discharge pores. The smaller sporangia, up to Ip in
d{ameter, tend to have one pore vhile the larger ones may have one,

two or three. A small refractive thickening has twice been noted on
wvalls of sporangia. This possibly represents an unexpanded portion of
the cyst wall. The rhizoidal system {s sparse and consists of a single
axis wvhich branches once near its tip. The resting spores range from
5.5 - 8.5p. They have a colourless wall and a large central vacuole.
Attached to many resting spores is an empty cyst, presumably the male
thallus. It ranges from 2.5 - 3}.0p diam.

Paterson (1963) described Rhizophydium sphaerocarpum and

Rhizophydium globosum growing on .senescent Pediastrum species. Impor-

tant d{fferences separate both these species from the chytrid observed

on senescent Pediastrum duplex varieties. These differences include

number of discharge pores, 2 - 5 for R. globosum and 1 for R. sphaero-
carpum. In addittion, resting spores have been described for these
species, and although Paterson did not find any on that occasion, they
are known to be asexually formed. The resting spores of R. globosum

have a brown spiny wall while those of R. sphaerocarpum are smooth.

The chytrid on Pediastrum duplex varieties differs from both
Sparrow's and Couch's descriptions of R. couchii in two respects.
Firstly, the size range previously quoted for sporangia is 11 - 30p,
for resting spores 10 - l4p with the empty male thallus measuring 5p,
and for zoospores 2-5pu. Secondly both authors maintained that the
rhizoidal system was well developed and consisted of an elaborate net-

vork of fine threads. These differences do not seem tOO significant in



view of the differences in host. Pediastrum cells are much smaller
than Spirogyra cells and would be expected to support smaller thalll
vith possibly a less elaborate rhizoidal system. Thus the fungus on

Pedfastrum duplex var. clathratum and Pediastrum duplex var. reticu-

latum {s considered to be Rhizsophydium couchiti.

(4.11) Rhizophydium schroeteri de Wildeman

Fungu3a thalli{ were occasionally observed on Diatoma elonga-

tus i{n Lake Manitoba during late May or early June {n 1966 and 1967
(Figure 12). Many workers have described minute fungi growing on
planktonic diatoms. Identification of these fungi was often difficulc
because of the small size of the sporangia and frequent scarcity of
material. Sparrow's brief description and figure (1933) of a chydrid
on Tabellaria sp. suggested that {t was identical with the present
fungus. Unfortunately, Sparrow made no attempt to identify the fun-
gus, even to the level of genus. Huber-Pestalozzi (1946) included

figures of a chytrid on Asterionella formosa in his paper on phyto-

plankton. This fungus resembled the present one in its rhizoidal
system and appearance of the empty sporangia but the mature sporangia
were spherical. De Wildeman (1931) described a fungus on Asterionella
gracillima which appeared to be tdentical with the chytrid from
Mani{toba. He stated that the sporangla varied from spherical to
ellipsoid to ovoid. The endobiotic system in his fungus was a deli-
cate unbranched or once branched rhizoid.

The present observations of this fungus on Diatoma elongatum

are sketchy because the material was sparse and it was mostly zoospore
cysts vhich were found. These cysts were spherical and varied from

1.5 - 2.0p diam. They contained a eonspicuous refractive globule,
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usually in a lateral position. The zoospores encysted a short distance

from the host cell and the gerwm tube grew toward the host cell. 1t did
not alwvays {mmediately penetrate the cell wall. Sometimes {t grew
along the outside of the wall terminating in a small refractive granule
at its tip., Mature sporangia were ovate and ranged from 3.0 x 5.0p to
6.0 x 8.0p with a typical cell measuring 5.0 x 7.5u. They contained
regularly arranged refractive droplets. Dehiscing sporangia were not
observed and only a few empty sporangia were found. Nor were any
resting spores observed. Positive identification must await further

observations but it seems probable that the chytrid on Diatoma elongatum

is {dentical with de Wildemsn's Rhizophydium schroeteri.

(4.12) Rhizophydius contractophilum Canter

This chytrid was collected from a small gravel pit pond in

mid May, 1967, growing on Eudorina elegans (Figure 13). This is the

first report of R. contractophilum on this continent. The obovate

zoospore cyst, 1.5 - 2.0p diam. was sessile on the outer edge of the
mucilage surrounding the host cells. It developed into a spherical

or slightly oval sporangium which varied from 7.0 x 8.5p. o0 10.0x11.5p sporangia
fixed in Transereau sometimes appeared angular due to projecting dis-
charge papillae. These papillae were scarcely visible {n live material.
Maturing sporangia and resting spores often occurred on the same

heavily {nfected colony. Empty sporangia were not observed, but

Canter stated that these disappeared soon after soospore discharge.

The earliest stage observed in the production of resting spores was

the obovate male thallus, 1.5 x 2.0p to 2.0 x 3.0p, joined to a host
cell by a germ tube and to a spherical female thallus, 2.5 - 3.5p diam.,

by a conjugation tube. The female thallus had also germinated and was



FIGURE 13

Rhigzophydium contractophilum and Dangeardia mammillata on

Eudorina elegans.

a-n, Rhizophydium contractophilum on Eudorima elegans.

1-n, Dangeardia mammillata on Eudorina elegans.

a, germinated zoospore cyst; b, developing sporangium;

¢, mature sporangium growing on a host cell which still
looks healthy (dotted line marks position of flagella

from host cell); d, e, mature sporangia on dying host
cells (cleaved zoospores are shown {nside d); f, two

pairs of gametangia; g, mature resting spore with granular
contents and irregular refractive structures and still
attached empty male gametangium; h, mature Testing spore

of hyperparasite instde R. contractophilum thallus:

{, germinated zoospore cyst; }, developing sporangium;
k, 1, m, nearly mature sporangia (the contents in k are
refractive globules); n, zoospore still {nside sporangium

at time of fixation. X 1000.
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joined to a host cell by a stalk. The conjugation tube varied from

1 - 12p {n length. After the male thallus had contributed its cyto-
plasm to the female thallus, the latter began to enlarge. At first
{t was spherical with a large refractive globule. Mature resting
spores were oval, usually with: the long axis at right angles to the
stalk. They contained refractive globules of irregular outline and
they varied from 6.5 x 8.0p to 8.0 x 12.58. Twice endobiotic resting
spores of a hyperparasite were observed inside resting spores of R.

contractophilum. These spores were refractive with smooth walls and

granular contents. They measured 7.0 x 8.5p. Canter also ment { oned
endobiotic resting spores of a hyperparasite but rod-like processes
marked the walls of the ones which she obsarved.

(4.13) Dangeardia msmmillata Schrdder

Colonies of Eudoring elegans in the small gravel pit pond,
May 17, 1967, were attached not only by Rhigophydium contractophilum
but also by sparse numbers of Dangeardisa mgmaillate (Figure 13).

Occasionally the two fungi were observed growing on different cells

of the same host colony. Only the asexual stage of Dangeardia was
spotted but these fit Canter's (1946) description of this fungus on
Eudoring elegans. Paterson (1958) observed similar sporangia on the
same host but declined to identify it with Canter's fungus because

he had not found resting spores. In the present material the pyriform
sporangia varied from 6.5 x 9.0p to 10.0 x 15.0p. The zoospore was
spherical, 2.0p diam. Dense host cell contents obscured the endobiotic
development of the thallus. Several empty sporangia appeared to have
fairly rigid walls. They showed no signs of shrivelling as Canter re-

ported for her material.



FPIGCURE 14
Saprophyte on Qocystis crassa and rhizid{aceous parasite of

Oocystis lacusctris.

a-c, Saprophyte on Qocystis crassa.

4, two sporangfa on one algal cell (note cytoplasm {s granular
except {n discharge tube and note haustorium projecting from
each sporangium {nto substratum); b, another developing spor-
angium, contents not drawn; c, heavily exploited coenobium
(note mucilaginous plug at the apex of a developing sporangium,
note that the haustorium does not alwvays penetrate an algal
cell, note the zoospores still tnside sporangia at the time of
fixatfon and note the %oospore cysts on the outside of the
coenobium) .

d-f, Polyphagous interbiotic parasite on 0. lacustris.

d, developing sporangium with a branched rhizoid which pene-
trates each host cell; e, developing sporangium (note position
of cyst on rhizotd near sporangium); ¢, developing sporangium
(note branched rhizoid inside cell and soospore cyst at end of

short branch). x 1000.






(4.14) Other Fungi on Oocystis Species

(4.141) Saprophyte on Oocystis erassa

Obviously dead colonies of Oocystis crassa sometimes contain
one or more robust, napiform sporangia (Figure 13). These sporangia
range from 9 x 19p to 13 x 30p. They are usually sessile on the Oocys-
tis cells with a tiny peg projecting into the clumped cell contents.
Somet imes a sporangium develope in the lumen of the coenobium without
making contact with a cell. A thin tail which varies from a slight
knob to 10p long, projects from such sporangia. Soﬁntlnan a branch
from the tail extends into a host cell. The discharge tube ranges
from about 4p to 12p long. It contains clear refractive material near
the tip and in one specimen stained with cotton blue, this area is
capped by a thick plug distinctly separate from the wall. Zoospores
still inside a sporangium measure 2.0p diam. Cysts on the outside of
the parent cell wall germinate by seading a thin penetration tube into
the lumen of the coenobium. It i{s difficult to speculate on the re-
lationship of the zoospore cyst to the sporangium since only mature
and empty sporangia have been found. Until more is known of the de-
velopment of the fungus, even tentative identification seems unwise.

(4.142) Polyphagous interbiotic Parasite of Oocystis spp.

This fungus attacks one to all four cells in a coenobium of

Oocystis lacustris, Oocystis parva and Qocystis crassa. The develop-
ment of the sporangium has not been followed closely because of
scarcity of material. However, it seems to originate completely from
the germ tube since a thin branch ending in a cyst 1.0p diam. is
usually found associated with developing sporangia (Figure 14). Even

in {ts early stages a considerable portion of the sporangium projects



out through the parent cell wall into the open water. Mature sporangia
are napiform, 12.0 x 17.5p to 17.5 x 35.0p, with long discharge tubes
ranging from 5 - 7p long. The rhizoidal system varies considerably.
Somet imes a single trunk branches to connect the sporangium to several
host cells. Sometimes, rhizoids arise from widely separated areas on
the sporangium wall. The branch which connects the empty cyst to the
sporangium is occasionally attached directly to the sporangium and in
other instances only to a rhizoid. The endobiotic portion seems,on

the basis of one observation, to branch sparsely some distance inside
the host cell. The taxonomic relationship of this organism is obscure.
1t is possibly related to Endocoencbium. This genus differs from all
the other members of the family Rhizidiaceae in that the zoospore cyst
does not expand to produce either the prosporangium or the sporangium.
The development of the chytrid on Oocystis, however, does not {nvolve

a prosporangium. The family Rhizidiaceae appears to be the obvious
place for the fungus since it is rhizidiaceous and appears to be {n-
operculate.

(4.143) Lagenidium sp. Parasitic in Oocystis spp.

This fungus was first observed attacking a high percentage
of Qocystis eremosphaeria cells in 1965 and has since been observed

in rare instances to attack Oocystis solitaria, Oocystis crassa, and

Oocystis lacustris (Figure 15). The zoospore cyst is spherical, 3.5

- 4.0p diam. and is conmected to the host cell by a germ tube 10 - 15p
long. The cyst is not sessile on an expanded parent cell wall but
frae in the water. As the cytoplasm leaves the cyst an oval bulge

2.0 x 3.5p progresses down the germ tube to the wall of the host cell.

The plasma membrane, and especially the chloroplasts, retract in front



FIGURE 15

Achlyogeton sp. in Spirogyra and Lagenidium sp. (n Oocystis

eremosphaeria and 0. solftarta.

a-c, Achlyogeton sp. {n Sglrggxgn.

8, germinated zoospore cyst and developing sporangium:

b, developing sporangia (note empty 3008pore cysts and
weabrane of host matertial around the sporangia); c, empty
sporangia (note primary Cysts at south of one of the
sporangia).

d-g, Lagenidium {n Oocystis eremosphaeria.

d, germinated Toospore cyst (note that cyst (s empty and
cytoplasm {s {nside the swelling just outside the hose
cell, note that che cell contents retract in front of
germ tube); e, similar to d, only zoospore cyst has been
knocked off; f, mature S$porangium (note large central
vacuole and granular Appearance of cytoplasm and few
remaining host chloroplasts clustered around sporangium) ;
g. eapty sporangia inside each of two host cells;

h, two empty sporangia inside Oocyscis solitaria cell.

X 1000.
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of the invading germ tube. Once the germ tube has penetrated within

the layer of the chloroplasts into the centre of the cell a swelling
develops at its tip. The cytoplasm leaves the oval swelling outside
the cell and enters the developing sporangium. It {s at first spheri-
cal but becomes oval as {t matures. Only in rare instances can these
early stages be detected within the host cell. By the time the spor-
angium {s mature, practically filling the host cell, {ts presence is
obvious. The centre of the sporangium seems to consist of a large
vacuole and finely granular cytoplasm lies in a layer 4-5p thick {n-
side the wall. A blunt tipped discharge tube grows through the cell
wall and through any expanded parent cell walls out to the open water.
It ranges from 5p to over 30p iong. Sometimes the discharge tube {s
constricted at a cell wall but often it is not. The tip of a dis-
charge tube contains clear refractive material. I have not seen de-
hiscence but presume that the tip of the tube dissolves away.

The endobiotic sporangia which lack rhizolds and the method
of cell nenetration suggest that this fungus belongs to the genus
lLagenidium. Such a fungus has not been reported in Qocystis species
aor has the phenomenon of the bulge descending the germ tube previously
been reported. This fungus is therefore probably a new species and

might tentatively be called Lagenidium oocyscidis until positive

identification is made when zoospore discharge is witnessed.

(4.15) Fungi on Planktonic Blue-Green Algae

(4.151) Chytrid on Chroococcus guxgidus
Zopf (1888) described Rhizo hydium agile, a chytrid which

grew on Chroococcus turgidus. On July 7, 1967, in a small gravel pit

pond (1), a chytrid differing in several respects from Zopf's was



observed growing on this alga (Figure 16). The zoospore cyst was
spherical, 2, diam. with one or two small, laterally placed refractive
granules. A fine germ tube grew from the cyst, which was sessile on
the mucilage, into the host cell. 1Inside the cell a small spherical
apophysis about 4.5p diam. developed. The cyst wall expanded to form
a spherfical or slightly ovate sporantium about 10p in diameter with a
very broad, flat apex. There was no sign of an operculum outside the
empty sporangium even although the flat apex suggested that there
might be one. At this time all that can be said is that the present
fungus {s not the same as Zopf's with its branched rhizoidal system
and {ts subspherical to pyriform sporangia.

(4.152) Chytrid on Microcystis aeruginosa

The best place to look for chytrids on Microcystis aeruginosa

colonies was on the outermost cells of the colony. These colonies

were large, very plent{ful {n mid-summer, and contained thousands of
cells. Sporangias were rarely seen, even after much arduous searching.
However, in mid July, 1967, in Cadham and Simpson Bays, a few spheri-
cal sporangia were spotted on a few cells. The spherical zoospore, 2.5p
diam. with a small central refractive granule, was sessile on a host
cell. The cyst expanded to a spherical sporangium 7.5 - 19.0p diam. with
tiny, widely dispersed refractive dots in the cytoplasm. Microcystis
cells with maturing sporangia were generally considerably larger than
healthy cells. The contents of these hypertrophied cells had, in many
cases, tieen reduced to a few colourless granules. No observations were
made on the endobiotic portion of the thallus, discharge of the

sporangia or resting spore formation.



(46.153) Rhisosiphon sp. on Anabaenaz flos-aquae

Although three Rhizosiphon species have been described
growing on Anabaena species, by Scherffel (1926), Skuja (1948), and
Canter (1954) respectively, none seems to fit the fungus observed on

Anabaena flos-aquae in the plankton of 22 Bay July 12, 1967 and School

Bay, July 22, 1967 (Figure 16). This fungus generally attacks the
akinetes, but sometimes also vegetative cells and heterocysts. The
host population (s probably senescent at the time when the chyrrid
appears since the akinetes are already mature and their appearance
precedes the decline of the alga. Moreover many Anabaena clumps are
heavily infected. A spherical-obovoid zoospore 2.0-3.0p diam. or
2.0 x 2.5p encysts a short distance from a host cell. The cytoplasm
leaves the cyst and enters the host cell where a prosporangium
develops. At first spherical, it later becomes ovoid or sac-like
and ranges from 3.0 x 6.0y to 6.5 x 10.0pn when mature. The origin
of the epibiotic sporangium is unclear. It either buds off from the
prosporangium or develops from the zoospore cyst. The sporangium is
modified pyriform in shape, sometimes with a slight stalk, and {t
ranges from 5.5 x 8.0p to 10.5 x 13.0p. The shape is modified by

2 - 3 blunt papillae. One, or sometimes two of the papillae function
as discharge tubes. No sign of opercula was found, so presumably
the apex of the papilla deliquesces. Several oval resting spores,
7.0 x 8.5p to 9.0 x 12.0y, all of them endobiotic were found inside
akinetes. Immature resting spores contained several prominent re-
fractive globules but the cytoplasm inside mature spores was homo -
geneous and the wall smooth and refractive. 1 did not find evidence

of sexual reproduction since in all cases the zoospore or gametangium



PIGURE 16

Chytrid on Chroococcus turgidus, Phlyctidium cornutum on

Anabaena levanderi and Rhizosiphon sp. on Anabaena flos-

aquae.

a-b, Fungus on Chroococcus turgidus.

a, germinated zoospore cyst (note stratified appearance of
muci{lage around host cell); b, developing sporangium (note
very flat apex of sporangium, note apophysis inside host
cell and cytoplasm retracted from apex in sporangium).

c-{, Phlyctid{uwm cornutisa on Anabaena levander!.

c, £, g, resting spores ? all growing on heterocysts;

d, mature sporangia (note endoblotic apophysis, cleaved
goospores and thickened area at apex of sporangia);

e, zoospore cyst; h, immature sporangium; {, {smature
ro-c}ng spore?

j-o. Rhizosiphon sp. on Anabasmg flos-aquas.

J, developing prosporangium instde vegetative cell and
Toospore cyst on outside; k, n, empty sporangia (note
eémpty prosporangium inside host cell tn n); 1, developing
sporangium (note granular appearance of cytoplasm);

m, nearly mature sporangium (note vrefractive globules in
cytoplasm, posttion of another blunt papilla in another
plane and empty prosporangium i{nside developting akinete);

o, developing or mature resting spores inside mature

akinetes. X 1000.






cysts had been knocked off the cell.

(4.154) !hl.xgudh- cornutum nov, comb, on Anabaena levanderi
Canter (1963) descrided a fungus growing on heterocysts of
Aphanizomenon flos-aquae. This fungus showed marked similarities to
Braun's Chytridium corsutum which he cbserved growing on heterocysts
of Anabgena circinglis. A chytrid similar to Canter's figures was odb-
served growing on heterocysts of Anabaesna levanderi in a small gravel

pit pond, Ceratium Pond, June 8 and June 11, 1967 (Figure 16). A lar-

ger Anabaena species, A, gpiroides var. crases was not attacked. The
soospore cyst is epherical and gensrally sessile on the heterocyst.

A small clear area inside the heterocyst spharical to ovate in shape,
possibly marked the position of an apophysis, or an area of dissolution
surrounding rhizoids, as Canter suggested. The zoospore cyst developed ‘
into a dolioform or subspherical sporengium ranging from 7.0 x 7.3 to

10.0 x 13.0u. Inside the mature sporangium cleaved zoospores measured
1.5u diam. and the apex of the sporangium appesred slightly thickened

and more deeply stained with cotton blue. Possibly this was a mucila-
ginous plug. 1 d1id not see any sign of an operculum around empty
sporangia. Some heterocysts bore subspherical thalli with 2-4 prominsent
tapering horans, robust walls and several refractive globules in the cyto-
plasm. These were the thalli with Braun described. Canter believed that
these were female thalli and that after the encysting of a male element,
the resting spore developed inside the female thallus. The fact that no
such male thall{ or internal structures vere found in the Manitoba
material suggested that the internal resting spores described by Canter,
were those of a hpeparasite. Because neither rhizoids nor an oper-
culum were found {n the present material, the fungus is tentatively called

Phlyctidium cornutum.
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(4.16) Fungi{ Noted om Spirogyra
Spirogyra spp. were very common in the Delta waters, often
developing {nto large blooms, declining, and developing again. 1 was
surprised to find how seldom even the senescent Spirogyrs was attacked
by agquatic fungi. Many times I searched large clumps of both genescent
and healthy Spirogyra without finding any fungi.

(4.161) Phlyctochytrium halli{ Couch

Couch's fungus was observed growing in rather sparse numbers
on senescent Spirogyra sp. in School Bay during the last two weeks of
June, 1966, At this time it was mainly the spherical, empty sporangia
vith a small endobiotic apophysis and robust rhizoidal system, which
wvere observed. On July 13, 1968, in the ditch draining School Bay
the same fungus was found in considerable numbers growing on the same
Spirogyra species. The alga was senescent this time as well and many
of the filaments were conjugating. Many developing and mature spor-
ant{a, but few empty sporangia were found. After much searching one
resting spore was found. It was small, 5.5p diam. and looked just
like Couch's figure.

(4.162) Lagenidium rabenhorscit Zopf

This fungus was also observed in School Bay during the latter
half of June, 1966. It actacked a larger and rarer species of Spiro-
gyra than the ons on which Phlyctochytrium hallii was growing. Zoo-
spore cysts were most often spotted with their germ tubes grovwing
through thick plugs of wall material. A few mature thalli, however,

were noted one of which was in the process of discharging its zoospores.
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(4.163) Achlyogeton ap.
In scattered cells of Spirogyra during a bloom of the alga in
Radio Tower Ditch, June 28, 1967, endobiotic sporangia were noted which

closely resembled Tokunaga's description (1934) of Achlyogeton entophy-

tum (Figure 15). He suggested that the zoospores which emerge from the
cystospores at the mouth of the discharge tube might be laterally bi-
€lagellate. I saw cystospores at the mouth of only one empty sporangium
hut the zoospores were indeed laterally biflagellate. I also observed
that the zoospore cyst germinated in an (nteresting fashion. It often
produced one or two small bulges on the germ tube before an ordinary
thin germ tube was produced. The empty cyst and {ts germ tube were
often noted attached to developing sporangia. A fine membranc was
occasionally observed to enclose the developing sporangia which ranged
from 1 to 4 in number. The membrane was probably of host origin since
the germ tube penetrated the membrane and was attached directly to a
developing sporangium.

The genus Achlyogeron contains only one species, A. entophytum
Schenk described from Cladophora. Schenk stated that the secondary
zoospores were posteriorly uniflagellate and for this reason the fungus
Yas been considered to belong to the order Chytridiales. Tokunaga con-
sidered Achlyogeton to belong to the Lagenidiaceae and to be closely

related to Myzocytium proliferum. T would agree with Tokunaga.




Plate 6

Chytridium deltanum on Cocystis crassa. GCerminated zoo0-
spore cyst on one host cell. Note bacteria on surface of

membrane enclosing coenobium. X 556,







Plate 7

daltanum on_Qocvstis cresss. Developing sporangium
is sessile on one cell and an empty sporangium is attached to
another cell by a stalk. X $36.






Plate 8

Chygridium deltgnum on Qocystie §$I488a. Two developing spor-
angia on stalks and sessile empty sporangium ca same host
cell. X S$S6.






Plate 9

Chytridium deltanum on Qocystis crasss. Mature sporangium
in wvhich cleavage of Zocospores has occurred. The position
of the operculum can be distinguished at the apex. X 556,






Plate 10

Chvtridium deltanu=m on Docystis crassa. Fmpey sporang {um
sessile on host cell, Note contrast (n contents of hoge

cell wich eaply sporang{um and ceil vith germinated zo>-
spore cyst. X $S¢.






Plate 11

Chytridium deltsnum on Oocystis cragsea, fast green in
euparal mount. Pour zoospores were still finsida che
sporangium at the time of fixation. X 1390.






Plate 12

Chytcidium on SEasss, fast green in
euparal mount. Sphertcal apophysis attached to main
axis of thallus can be seen i{nside hoet cell. X 1390.

Place 13

Chyetridium deltanum in Oocystis crassa, fast green in
euparal mount. Mature

resting spore tnside host cell,
X 1390.






Plate 14

Chytridium deltanum on Oocystis lacustris. Operculum {s

still attached by one edge to the empty sporangium.
X 1390.
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Plate 1S

Chytridium deltanum on Oocystis lacustris. Two mature resting
spores inside one host cell. X 1390.

Plate 16

Chytridium deltanum on Oocystis lacustris. Male gametangium
has encysted beside germinated female gametangium. X 1390.






Plate 17

Chytridium deltanum on Oocystis submarina. Mature sporangium
on one host cell. X 1000.

Plate 18

Chytridium deltanum on Qocystis submaring. A heavily infected

coenobium {n which zoospore cysts, a mature sporangium and
empty sporangium with cperculum lying nearby can be distin-
guished. X 400.

Plate 19

Chytridium deltanum on Pectodictyon cubicum. Mature sporan-
gium on one host cell. X 400,

Plate 20

Chytridium deltanus on Pectodictyon cubicum. Three algal cells
have just divided to produce dauvghter cells. The fourth algal
cell is infected with a devaloping sporangium and did not
divide. X 400.
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Plate 21
Chytridium deltanum on Poctodtctzou cubicum. The endobiotic

portion of one of the developing sporangia looks faintly like
a spherical apophysts. X 1390.

Plate 22

Chytridium deltanum on Pectodictyon cubicum. Empty sporangium
on a single host cell. X 1390.
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Plate 23

Chytridium oocystidis on Oocystis lacustris. Empty sporangia
on a heavily infected coenobium. X 400,

Plate 24

Chytridium oocystidis on Oocystis lacustetls. Germinated zoo-

spore cysts and developing sporangfa on cells in the coenobiom.
X 400.

Plate 25

Chvtridium oocystidis on Oocystis lacustris. Heavily infected
coenobium in which germinated zoospore cysts and empty spor-

angia, one with an operculum lying nearby, can be distinguished.
X 400.






Plate 26

Chytridium marylandicum on Botryococcus braunif{. Several
X00spoTe cysts can be distinguished with germ tubes growing
into the algal coenobium. X 400.

Plate 27

Chytridium marylandicum on Botryococcus brauniti. Zoospore

cyst whose germ tube has not yet reached the firm colonial
mucilage. X 1000.

Plate 28

Chytridium marylandicum on Botryococcus brauniti, Developing
sporangium projecting from colonial mucilage into water.
X 400.






Plate 29

Chytridium marylandicum on Botryococcus braunii. Four mature
sporangis projecting from matrix around the algal cells. Also

evident in the matrix are several spherical prosporangia, some
empty and some with cytoplasm still instde. X 556.

Placte 30

Chytridium marylandicum on Botryococcus braunii., Mature

sporangium in which cleavage of zoospores has occurred.
X 1390.






Plate 31

Chytridium naxylandicum on Rotxyococcus brauvnii. The operculum
has been pushed off the sporangium and

S0ospores are beginning
to escape. X 536.
Plate 32
Chytridium marylandicum on Botryococcus brsunii. The operculum
has been pushed off the

sporangium and zoospores are escaping.
X 1390.
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Plate 33

Chytridium marylandicum on Botryococcus brauni{. Approxi-
mately half the zoospores have escaped from the discharging
sporangium, X 1390,







Plate 34

Chytridium marylandicum on Botryococcus braunif{. Pour empty

sporangia and a thick coating of bacterial clumps and fila-
ments are distinguishable on the surface of the coenobium,
X 400.

Plate 35S

Phlyctidium scenedesmi{ on Pedfastrum boryanum. A heavily

S —

infected codnobium, X $56.







Plate 36

Phlycetidim scenedesmi on P¢disgtrum boryanum. One algal cell
is supporting a developing sporangium and the host cell s
slightly orange in colour. Another algal cell has just re-
leased a vesicle with swarming zoospores which will soon form a
plate like the two young coenobia st{ll inside vesicles. X 556.

Plate 37

Phlycti{dium scenedesmi on Pediastrum boryanum. The host coeno-
bkum i{s in side view to show the shape of the sporangium. X 556

Plate 38

Phlyctidium scenedesm{ on Scenedesmus quadricauda. Several
Zoospore cysts are sessile on two host cells. X 556.

Plate 39

Phlyctidium scenedesmi on Scenedesmus quadricauda. Host coeno-
bium lying at an angle to show sporangium shape. X 556.






Plate 40

Rhisophydium couchfi in liquid culture showing sporangia in
several stages of development. X 400.

Plate 41

Phlyct{dium bumillerise on Staurastrum pinque. Developing
sporangium on &-radiate form cell. X 400.

Flate 42
Phlyctidium bumillertiae on Staurastrum ping Mature

ue.
resting spore on 3}/4-radiate type cell. X 400.

Plates 43 - 44

Phlyctidium bumilleriae on two Staurastrum spp. Empty
sporangia at {sthmus of host cells. X 400.






Plate 45

Rhizophydium contractophilum on Eudoring elegans. A developing
sporangium and a female gamegangium are both connected by germ

tubes to the same host cell. A male gametangium which has
attacked a nearby host cell by means of a germ tube, {s con-
nected to the female by means of a conjugation tube. The cyto-
plasm of the male element has not yet passed into the female
gametangium. X 1390.

Plate 46

Bhisophydium congractophilum on Zudoring glegans. Heavily in-
fected colony on which can be distinguished germinated soospore
cysts and developing sporangia. Note the pair of flagella
extending from a cell on the lower right. X 400.

Place 47

Rhlzo&ﬁtm contractophilum on Budorina elegans. Heavily in-

fected colony on which can be distinguished a mature resting
spore and clumps of bacteria. X 400.






Plate 48

Digtoms elongatum. Mature spor-

ium gchrosteri on
angium on host cell. X 1

Plate 49

Rhizophyd{um schroeteri on Diatoms elongatum. Germinated
zoospore cyst. X 1000.

Place 50

Rhizsophydium schroeter{ on Diatoma elongatum. Developing
sporangium. X 1000.

Plate S1

Rhizophydium schroeteri on Distoms elongatum. BEmpty
Ssporangium. X 1000.
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Plate 52
Robustc saprophyte on Oocystis crassa. Empty sporangium and
deveioping sporangium attached by thick haustorium, on the

same host cell. Note bacteria clustered around enclosing
menbrane of the coenobium. X 556.

Plate 53
Robust saprophyte on Qocystfis crgsea. The empty sporangium

is joined to an algal cell by a branch from the short main
axis. X 400.

Plate 54
Polyphagous parasite on Oocystis lacustris. Empty zoospore

cyst can be seen at the end of a short rhizoidal branch.
The sporangium has already discharged. X 400,

Plate 55

Polyphagous parasite on Oocystis lacusttis. Two developing
sporangia on ons coenobium. X &400.

Plate 56
Polyphagous parasite on Oocystis lacustris. Empty sporangium

on one coenobium. Note how empty the host cells appear.
X 400.

Plate 57

Polyphagous parasite on Oocystis lacustris. Mature sporangium.
X 400.






Plate 58

Lagenidium sp. {n Oocystis eremosphaeria. Zoospore cyst attached
to host cell by germ tube. Cytoplasm is still inside the cyst and

the bulge in the germ tube below . the cyst. Material fixed in
Transereau. X 556.

Plate S9

Lagenidium sp. in Oocystis eremosphaeria. Three germinated
zoospore cysts have attacked the same host cell, Material
fixed in Transereau. X 556.






Plate 60

Lagenidium sp. in Oocystis eremosphaeria. There is a dehisced
sporangium inside the host cell and fafnt evidence of the
espty zoospore cyst with germ tube and bulge outside host cell.
Material fixed {n Transereau. X 556.

Plate 61

lagenidium sp. {n Oocystis eremosphaeria. A discharge tube

projects from the expty sporangium inside each host cell.
Material fixed in Transereau. X 556.






Plate 62

Achlyogeton sp. in Spirogyra. Two mature sporangia have
developed discharge tubes which project through the host
cell wall., X S$S6.






Plate 63

Achlyogeton sp. in Spirogyrs. Two empty sporangia surrounded
by a membrane, probably of host origin. Note also the single
developing sporangium i{n the cell in the top, right corner.
X 1390.






Plate 64

Phlyctochytrium hallii in Spirogyra sp. Developing sporangiwum.
Note the spiral of the endobiotic rhisoid, probably the

original position of the host chloroplast. X 400.

Plate 65
Lagenidium rabenhorstiti in Spirogyrs sp. Empty zoospore cyst

and developing thallus fnside algal cell. X 400.

Plate 66

Lagenidium rabemhorstii in Spirogyra sp. This algal species
has formed a plug of wall material in reaction to invasion
by the fungus. Penetration of this species is seldom success-

ful. The other Spirogyra filament lying nearby is a species more
susceptible to the fungus. X 400.
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Plate 67

Fungus on Chroococcus turgidus. Germinated 2008pore cysts.
x ml

Plate 68

Fungus on Chroococcus turgidus. Developing sporangia on several
host cells. Note clear area marking position of endobiotic
apophysis in lowest cell. X 400.

Plage 69

Fungus on Chroococcus turgidus. Dehisced sporangium. X 400,

Plate 70

Fungus on Microcystis aeruginosa. Zoospore Cyst sessile on host
cell. X 1000.

Plate 71

Fungus on Microcystis aeruginosa. Developing sporangium on
hypertrophied host cell. X 1000.

Plate 72

Fungus on Microcystis aeruginosa. Mature Sporangium on host
cell which has lost most of its contents. X 1000.






Plate 73

Phlyctidium cornutum on Anabaena lavandert.

Developing fungus
thalli on host heterocyst. X 556,

Plate 74

Phlyctidium cornutum on Angbaens ch.ggerl.

Resting spore ? on
a host heterocyst. X 556. |

Plate 75

Rhizosiphon on Anabaena flos-aquae. Developing sporangfum. Note
empty prosporangium inside host heterocyst. X 1000.

Plate 76

Rhlzosiggon on Anabaena

flos-aquae. Empty sporangium on host
akinete. Note clumpts

of bacteria around host cell. X 1000.
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CHAPTER 5
STATISTICAL TREATMENT OF THE PHYTOPLANKTON DATA

(5.1) Theoretical Considerations

Discussions of phytoplankton ecology generally involve esti-
mates of population levels and changes in these levels over space or
time or both. These discussions are much more useful when some esti-
mnate is made of the error tanvolved i{n computing the population num-
bers. Several workers have studied statistical techniquas with which
to evaluate enumeration technique and adequacy of sampling.

Statistical tests are applied to sample counts and are
appropriate only to the sample. Thus, comparisons are made between
the results obtained from samples and not bstueen the estimates made
from them for the body of water {tself. Kutkuhn (1958) defined pre-
cision of a count as the difference between the sample result and the
result of a complete count under the same conditions. The distributional
pattern of the phytoplankton as it is to be counted, must be estab-
lished before predictions can be made about the maximum variation ex-
pected. Gilbert (1942) pointed out that the frequency distribution
of cells is the product of occurrences which may be single cells or
colonies, and the distribution of cells per occurrence.

The frequency distribution of occurrences of planktonic
organisms has long been known to be very close to the Poisson distri-

bution when variation is random. Errors to look for are clumping of

123
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colonies and errors in selecting subsamples, as in the filling of

Sedgwick-Rafter chambers. Kutkuha (1958) and Holmes and Widrig (1956)
found that their counting techniques involved the clumping of certain
species. Subsequent testing showed that most of these species con-
formed to the negative binomial distribution.

Once the frequency distributions have been ascertained for
the species to be estimated, upper and lower limits of expectstion
can be assigned for specific degrees of probability. It is then pos-
sible to decide objectively when differences exist between samples.
Lund, Kipling, and Le Cren (1958) point out that most ecological ob-
servations are concerned with generations, or changes in abundance of
100%.. If the organisms are randomly distributed then the precision of
a single count can be read from published tables. For example, vhen a
count of a hundred cells has been made, the estimate has one chance in
twenty of being in error greater than 20% and one chance in one hundred
of being in error greater than S0Z. Such accuracy {s considered ade-
quate for most ecological i{nvestigations. When the confidence limits
of sample counts do not overlap they are considered significantly dif-
ferent at that level of probability.

The above discussion pertains to complete organisms and not
to their constituent cells. Limmologists often wish to weight the value
of occurrences according to the size of the colony. This can be done
by estimating volume or area covered by a colony, or number of cells in
the colony. For many investigations cells per litre is the most useful
estimate. Gilbert (1942) pointed out that the frequency distribution
of cells per colony was often unpredictable. Lund, Kipling and Le Cren

(1958) suggest that when the colonies are small, and the number of cells
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per colony does not vary widely, confidence limits in terms of cell

numbers can be calculated by finding the confidence limits for indi-
vidual colonies and then multiplying these by the mean number of cells
per colony.

Lund et al (1958) examined the distribution of organisms in
open water to find out i{f the distribution was random. They dis-
covered that due to stratification the distribution was not always
random in a vertical direction. Holmes and Widrig (1956) found that
in the sea the distribution of organisms ia different areas at the
same depth was usually clumped. They suggest that several samples
were necessary to characterize an area. These samples could be com-
bined, they said, and only one enumeration need be made.

Lund et al (1958) used Utermohl's {nverced microscope tech-
nique to enumerate the phytoplankton, McNabb (1958) concentrated the
sample on a membrane f{lter, and Kutkuhn (1958) used the Sedgwick-
Rafter cell mount. The first two methods mentioned have distinct
advantages in speed of enumeration but I chose the last method because
1 was most interested in species that occurred in very low numbers in
the phytoplankton and the Sedgwick-Rafter cell seemed to be a satis-
factory way to estimate their numbers.

Kutkuhn (1958) carried out analysis of variance on total -
individual counts using random fields in several cell mounts. He
found that the major source of error {n two stage sampling was in
differences between chamber counts. Thus a sampling design involving
several 1 ml samples in counting cells was superior to one in which
random fields were selected from only one cell mount. He pointed out

that sample size required to yield an estimate with a specified



precision for every species counted, would be quite unwieldy. One might
look for hours to find the requisite number of individuals of rare
species. Thus he suggested an arbitrary sample design which would give
considerable precision of over-all estimates without expending too much
time. He chose four cell mounts and counted ten random fielcs per
aount. He found moreover that when the entire contents of a cell

mount were used as the sample unit, there was relatively little vari-
ation between counts of individual forms {n successive cell mounts.
Adequate estimates were secured from three cell mounts but five cell
mounts increased the precisfion of the estimate for most forms.

(5.2) Analysis of the Data

(5.21) Two Stage Sampling Technique

As outlined in Chapter 2, the primary sample of 30 ml was a
concentrate, containing the phytoplankton from 6 L of water. Sometimes
a 31 sample was taken if the water was exceedingly full of algae or
detritus. Occasionally, the 30 ml sample was too concentrated for
counting. In this case, the sample was diluted to 60 ml, This sample
was then well shaken and 1 m! was removed with a large bdore 1 m!l
pipette and placed in a Sedgwick-Rafter counting chamber.

Six ‘random' fields were selected from each of ten 1 ml
samples in Sedgwick-Rafter mounts. These fields were selected from
one side of the chamber to the other so that centre and side areas
vere included. All algal individuals lying within the Whipple grid were
counted. Those individuals touchinz either of two specified sides
vere counted whereas those touching the other two sides were not in-

cluded in the count.
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TARBLE 9
TEST FOR HOMOGENEITY OF SIXTY WHIPPLE GRIDS, ALL SPECIES,
COUNTS
21:2[223:11 Inxgg+ NlaN - x4 Inxg - x4 lnxj]
218 X°
2 I can be reduced to normal units {f d.f. is very high

4 [TXF -[TaE I

d - significant at 5% level for l-tafil test is 1.64

July 11, 1966 2 I = 466,801
d s -006059
July 27, 1966 2 1 e« 485.580
d ] ’0028‘9
August 15, 1966 21 « 269.213
d s 2,232
July 10, 1967 2 1 = 480.938
d = -0,.4342
July 24, 1967 21 = 565.292
d = 4,2473 #»
August 4, 1967 21 = 378,123
ds=s 0.3522
August 21, 1967 21 e 274.472
d - -7.1‘82
July 10, 1968 2 I 3 362.390
d e -0.5555

August 1, 1968 2 1= 366.557

-0.7268

Q.
"
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(5.22) Test for Homogeneity of Species Counts

Several sets of data, collected by the method outlined above,
were chosen to test the reliability of the counts. Information theory
was used to test the homogeneity of the data (Table 9). It was assumed
in other words that there was no interaction between the number of each
species counted in a chamber, and the chamber {n which that number was
counted. In eight out of the nine counts tested the results were not
significant at the 5% level. This means that for those eight counts
the hypothesis that the data were homogeneous could not be rejected.
The counting technique could be considered reliable.

(5.23) X2 Test for Poisson Distribution of Total Individuals
per Field

Plankton data, wvhen distributed randomly, fit a Polsson dis-

tribution. The total number of lndlvldunl; counted in a field were
tested to see {f the data fit the Poisson distribution (Table 10).

The ratio of variance over the mean was compared to X2 at n-1 degrees
of freedom. The hypothesis that the data were rando:-was rejected at
the 57 level for one count out of the nine tested. Thus the counts
were generally random and confidence limics could be applied to the

dacta.

(5.24) Analysis of Variance of Total Individewals per Field

Analysis of variance was also carried out on the total counts
of individuals per field (Table 10). Comparison was made between the
variance within fields in one chamber and between fields in different
chambers. The variance between chambers was significantly greater than
wvithin a single chamber for the three 1966 counts and one 1967 count.

Of the three 1966 counts one was significant at the 1% level, the rest



ANALYSIS OF TOTAL INDIVIDUAL COUNTS IN SIX RANDOM FIELDS IN

TABLE 10

TEN SEDGWICK-RAFTER MOUNTS

July

17
19
14

9
14
18

11, 1966
17 16 24
21 13 20
19 14 15
12 13 16
16 17 22
15 16 20

91 100 87 117

ANOVA

source
total
chambers
fields

20 15 18 19
18 24 9 20
16 17 17 19
16 16 10 9
11 14 13 11
10 18 10 14

91 1064 77 92

d. f. s.s.
39 791.65
9 278,15
30 513.50

Test for Poisson distribution

July

15
11

9
14
18
13

s«
b 4

significance at 5% level estimated as

27, 1966

25 20 13
21 18 18
13 13 16
14 16 13
17 22 14
11 14 19

80 101 103 93

ANOVA

source
total
chambers
fields

10,27
15.15

» 0,678

16 15 18 17

18 14 20 16
16 14 20 19
16 19 19 19
20 13 29 19

98 93 127 102

d.f. S.S.
59 736.6
9 209.6
50 527.0

Test for Poisson distribution g? )

10,34 ¢ 0.630
3 16.

17
11
12
12
11

72

103

18
6
9

16

13

16

78

M.S.

30.91
10.27

3

ne-l

102

"‘s.

23.29
10.54

X

29

909

4
3.01wx

s 1.34

10Q2

2,21+

Q
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TABLE 10 CONT'D

August 15, 1966

5 8 9 S 2 6 9 S 8 7
5 10 9 6 S 4 8 4 7 9
2 8 6 5 4 3 4 S 7 5
L 3 7 7 6 6 3 5 3 8
5 3 8 2 4 2 8 3 11 2
S 9 4 2 2 7 7 6 7 7
27 41 43 27 23 28 39 28 43 138 337
ANOVA
source d.f. S.S. M.S. F
total 39 316.18
chambers 9 90.35 10.06 2,22«
fields 50 225.83 4.52
Test for Poisson distribution .,_2 e 4,52 = 0.804
x 5.62

July 10, 1967
11 14 10 11 10 10 8 14 16 14

14 13 7 8 12 17 13 10 12 9
10 8 8 13 9 14 13 15 13 10
14 14 6 16 11 12 9 13 17 1
11 8 9 6 4 10 11 13 18 15
16 8 7 12 20 9 10 9 20 11

76 65 47 73 66 72 64 74 96 70 703

ANOVA
source d.f. S.S. M.S. F
total 59 734.18
chambers 9 199.18 22.13 2.07
fields 50 535.00 10.70

Test for Poisson distribution 82 & 10,70 » 0.914

x i



TABLE 10 CONT'D
July 24, 1967

9 10 11 11 8 9 8 16 10 10

12 13 12 1 4 5 3 8 6 é

10 8 5 7 7 8 S 4 5 9

12 7 7 9 5 5 6 7 7 13

7 11 10 7 5 7 6 9 9 1

9 10 11 13 7 6 7 8 9 3

59 59 56 58 36 40 35 S2 46 SO 491

ANOVA
source d.f. S.S. M.S. F
total 39 458.98
chambers 9 132.48 16.72 2.25
fields 50 326.50 6.53

Test for Poisson distribution !2 s 6.53 s 0.798

8.18

August &, 1967

21 12 18 11 11 13 16 10 10 11
8 9 6 15 12 17 1 9 14 13
12 14 14 12 6 8 5 13 10 14
11 9 13 12 11 15 6 8 10 12
16 12 11 9 10 14 5 12 9 14
13 8 7 12 12 9 8 5 12 10

8L 66 69 71 62 76 S1L S7 €S 74 670

ANOVA
source d.f. S.S. M.S. F
total 59 625.00
chambers 9 123.33 13.70 1.37
fields SO 501.67 10.03

Test for Poisson distribution 2, 10,03  0.89

=
x 11,17



August 21, 1967

13 14 15
14 20 11
12 17 16
16 2 10
15 9 10
13 15 7
83 77 69
ANOVA
source
total
chambers
fields

Test for Poisson distribution

August 1, 1968

Wwunuwnmwn wm

23

OO WrWun

41

ANOVA

Test for Poisson distribution gz s 3:35 & 1.009

WOWWno

35

source
total

chambers

fields

SNwoanawo o

36

16
9
11
9
9
15

69

d.
59

9
50

TABLE 10 CONT'D

14
14
11

13
16

76

£.

4 7
2 8
3 4
6 b
6 2
7 8
28 34
a.f.
59
 J
50

18 12 14 16
14 15 8 10
13 9 7 10
14 19 6 21
7 10 12 9
12 11 13 10
78 76 60 76
s.s. n.s.
1114.6S
62.15 6.91
1052.50 21.0S
32. 21,05 « 1.70%
%X 12.35
9 7 3 8
3 7 13 3
3 S & 6
3 6 3 9
8 s & S
3 & 6 6
29 34 33 37
s.s. M.s.
317.00
39.33 4.37
277.66 5.55
®* S.50

741

r
0.33

330

4
0.79

significance at 5% level for ANOVA is 2.08
significance at 12 level for ANOVA is 2.80

k2
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were significant at the S% level. These resuits indicated that the

greater variation was to be expected between counts in different cham-
bers than within a single 1 ml sample. It was to minimize this bias
that ten Sedgwick-Rafter cells were included in the exper {mental de-
sign rather than fewer 1 ml samples and more counts per chamber.

(5.25) X? Test for Polsson Distribution of Selected Species

Individual species counts {row the sixty fields were tested
for randomness or conformity to the Poisson distribution (Table 11).

The data from five counts of Gomphosphaeria lacustris var. compacta

and from five counts of Dicoosphaerfum pulchellum did not significantly

differ from the Polason distribution. Thus not only were the total
individual counts randomly distributed but so were the species counts,
There was one occasfon when cells were counted rather than colonies.
This was for Diatoma. This alga was exceedingly common early {n the
sumer and its cells occurred efther singly or in colonies of rwo to
six cells. The four counts tested were all significantly different
from the Poisson distribution indicating that the cells were indeed
clumded. These data possibly would fit the negative binomial discri-
bution but since the efficient estimation of X (s usually labortious,

I did not test the assumption.

(5.26) Adequacy of Two Stage Sampling Technique for Estimates
Per Litre

The area of the grid counted by the method discussed above
vas 0.510 sq mm. The volume under the grid was 0.510 cu mm. In order
to convert the count to number of individuals per litre, the mean
count for each species from the sixty fields was multiplied by 1960.78

to give the number of individuals in 1 ml of concentrate. In order to



TABLE 11

TEST FOR POISSON DISTRIBUTION OF INDIVIDUAL SPECIES
COUNTED IN SIX WHIPPLE GRIDS IN EACH OF TEN SEDGWICK-

RAFTER MOUNTS

Diatoma elongatum

8 a
lacustris var.

compacta

Dict!g.gggeriu-
pulchellum

count
1688

672
825
255

12
13
24
17
11

May
June
June

June

May
June
June
June
July

May
June
June
June

June

significance at 5% level

date
30,

6.
20,
27,

30,

6,
20,
27,
26,

30,

6,
20,
27,
24,

is 1

1966
1966
1966
1966

1966
1966
1966
1966
1967

1966
1966
1966
1966
1966

<34

o2

%
3.18
4.84
6.43

2.42

1.26
0.95
0.85
0.53
1.10

0.80
0.93
1.08
0.78
0.36

- S O O
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convert to individuals per litre in the original body of water, the

number of cells per ml of concentrate was multiplied by 30 (or 60, {if
the sample was diluted), and divided by the number of litres in the

concentrate.

(5.27) One_Stage Counting Technique

The counting method discussed above adequately reflected the
succession of dominants and gave a general picture of the composition
of the phytoplankton. The level of accuracy was such that the minimum
number of individuals estimated after 0 was 150 coenobia per licre.
Such estimates were not satisfactory for the species which were attacked
by chytrids. Their numbers were often far fewer than 150 individuals
per litre. Thus for those species in vhich 1 was specifically interested,
counts were made of all {ndividuals in the | ml Sedgwick-Rafter chamber.
This meant that the smallest number of individuals estimated per litre,
other than O, was 5, and the mext smallest was 10.

Information theory was used to test the relfability of the
counts of individuals of a species, per ml! sample (Table 12). The
test was for equal distribution of numbers in the several counting
chambers. The assumption of equidistribution had to be rejected for
one count of five tested for Oocystis crasga, but for other species
tested all results were insignificant and the assumption that the data
were random was accepted.

Species counts from the entire | ml sample were tested to
see vhether they fit the Poisson or random distribution. Oocystis

crassa, Oocystis lacustris and Pectodictyon were selected because the

counts for these three species were quite different on the dates tested.



TABLE 12

TEST FOR EQUIDISTRIBUTION OF TOTAL COUNTS OF CERTAIN
SPECIES INSIDE SEDGWICK-RAFTER CELLS

2122 [ fyInfyy-NlaN+N1nC ]
where N 1n C = N (_C 1n C)

c
Oocystis crassa
July 8, 1966
32 46 41 51 25 Ns
2 I 322,10 »+ P <.005 Cs=
Aug. 8, 1966
47 38 31 39 Ns
21Is 2,7875 «75>P >.50 Cs
July 28, 1967
68 77 77 76 82 Nz
2 I = 1.332 uw> P > 075 Ce
Aug. 1, 1967
145 139 138 147 164 N=
2 1= 2.8634 75>P).50 Cs
July 3, 1968
65 64 83 87 89 N =
21 . 7.7344 <25 5P ).10 Cs=
Staurastrum pinque ( 3-radiate )
July 8, 1966
170 169 147 173 158 N e
21 = 2,8286 75>P>.50 Cs
Aug. 8, 1966
10 14 15 11 N =
2 I s 103650 .90)’).75 C L
July 3, 1968
53 35 45 44 43 Ns
2 1Iw= 3,760 .50) P .25 Cs=

195

175

13



TABLE 12 CONT'D
TEST FOR EQUIDISTRIBUTION OF TOTAL COUNTS OF
SPECIES IN SEDGWICK-RAFTER CELLS
Pediastrum boryanum
July 20, 1966

523 522 546 N s
21 =0.843 .7S)P ).50 Cs=
August 3, 1966
40 52 58 Ns
2 1I=3,450 .250P).10 Cs
May 23, 1967
151 142 132 Ns
21 = 1,3246 <75 DP >.50 Cs
June 28, 1967
155 149 120 Ne
2 I=5.1313 .10>P ) .05 Ce
July 4, 1968
100 121 128 N =
2 1= 3.7643 .25> P ).10 Cs

July 22, 1968
233 251 225 N =
211,583 .SOD>P >.25 Ce

CERTAIN

137



TABLE 12 CONT'D
TEST FOR EQUIDISTRIBUTION OF TOTAL COUNTS OF CERTAIN
SPECIES INSIDE SEDGWICK-RAFTER CELLS
Oocystis lacustris
July 8, 1966
22

25 19 24 19 N =

21 s 1.6102 90DP>.75 Cs
Aug. 8, 1966

6 10 7 7 Ns

21 = -4.2650 P).995 Ce
July 28, 1967

0 1 4 1 0 Neo

21 = 8,9018 .10 P> .05 Ce
Aug. 1, 1967

13 15 29 16 20 N=

21 = 8,0704 .10> P> .0S Ce
July 3, 1968

11 11 10 11 10 N=

21 s 0.1114 P) .995 Cs

Staurastrum pinque ( 4-radiate )

July 8, 1966
47 62 s9 42 40 Ns=s
2 I s 4.9090 SO>P >.25 Cs
Aug. 8, 1966
13 13 11 14 N =
2 1= 0,3775 .95 P> .90 Cs
July 3, 1968
74 81 99 86 91 Ns=
21Is 4,1788 .S0D P >.25 Ce

138



TEST FOR EQUIDISTRIBUTION OF TOTAL COUNTS OF CERTAIN

TABLE 12 CONT'D

SPECIES INSIDE SEDGWICK-RAFTER CELLS

Botryococcus braunii

Aug. 3, 1966
S
21 = 2,3873
May 23, 1967
6
21 = 00,7263
June 28, 1967
91
2I=1,6630
July 4, 1968
149
21 s 2,1036
July 22, 1968
49
2 I 3.570

11 9
252 P> .10
5 8
75)P>.50
81 98
S0>P .25
146 127
.50 >P .25
36 3s

.25 P ,10

Q=

Oz

O=x

422

120

139
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Of the nine dates tested (Table 13) all counts fit the Poisson distri-

bution except for Oocystis lacustris and Pectodictyon on one day when

their counts were quite low. These results suggested that the counts
were random and valid confidence limits could be set.

(5.28) Adequacy of Primary Sampling

The tests considered above indicated that the estimation of
the number of individuals {n the sample concentrate was generally not
significantly biased. How well these counts estimated the phytoplankton
of the water depended firstly on the reliability of the primary sampling.
Three 3L samples were collected from open water in Cadham Bay on a very
vindy day. The water was well churned. From each sample, total indi-
viduals per | ml sample were counted f{n four chambers for three species.
A randomized complete block analysis of variance (Table 14) showed that
the variation berween different primary samples was not significantly
greater than the variation due to experimental error. Analysis i{n which
only one species was considered (Table 15) however showed that species 1
numbers were significantly different in the three primary samples
vhereas species 2 and 3 were exceedingly similar in the three primary
samples.

Information theory was also used to compare the three primary
samples (Table 16). Sample 1 was significantly different from sample 2
at the 1% level although sample 1 was not significantly different from
sample 3, nor was sample 2 significantly different from sample 3 even
at the 5% level. It was concluded that the primary sampling method was
adequate. Most of the variation between primary samples seemed to be
due to one of the three species counted. Possibly this difference was.

due to a non-random distribution of that species in the water.
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TABLE 13

TEST FOR POISSON DISTRIBUTION ON TOTAL COUNTS OF CERTAIN
SPECIES INSIDE SEDGWICK-RAFTER MOUNTS

1967 Oocystis crassa Oocystis lacustris Pectodictyon

July & 2 12.0 6.8 1.0
;.2 0.08 0.98 1.50
July 10 x  43.8 15.2 1.4
§2 0.24 1.90 0.93
July 17 = 25.8 6.4 6.6
iz 0.53 1.06 0.80
July 22 % 42.5 9.6 6.0
.32 0.37 2.24 1.30
July 24 z  25.2 14.6 17.6
%2 1.80 1.88 1.61
July 26 2 36.8 11.8 7.6
%2 0.13 0.27 0.57
July 28 X 76.0 10.4 5.4
iz 1.36 2.24 1.17
July 31 X 112.0 15.0 3.2
: 2.10 3.40% 3.03%

a
2- -Ll. at n-l d.f. significant at 5% level 2.37
Ne
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TABLE 15

43

ANOVA TO TEST THE EFFICIENCY OF PRIMARY SAMPLING WITH
REFERENCE TO CERTAIN INDIVIDUAL SPECIES

ANOVA
SPECIES 1

source
total
replicates
error

SPECIES 2

source
total
replicates
error

SPECIES 3

source
total
replicates
error

primary samples

131 131 97
107 128 103
125 139 111
107 129 101
470 527 412
d.f. S.S.
11 2290.92
2 1653.17
9 637.75
45 40 39
53 52 50
46 53 31
53 55 60
197 200 200
d.f. S.S.
11 418.25
2 1.50
9 416.75
0 1 0
5 2 2
4 0 3
6 0 3
15 3 7
d.f. s.s.
11 46.67
2 14.42

9 33.25

Sedgwick-Rafter
mounts

1409

M.S. 4

826.58 11.66%»
70.86

597
M.S. F

0.75 0.016
46,31

26
M.S. 1 4

7.21 1.95
2.69



TABLE 16

TEST OF EFFICIENCY OF PRIMARY SAMPLING USING INFORMATION
THEORY

Test for homogeneity
2132[££x111nx134}11nﬁ -&xq ln x;, -
ile.nxj]

For blocks 1, 2, 3 consfidered together:

2 1= 40,977++ at 22 d.£. .01 > P) .005
For block 1 2 I = 13.491 at 6 d.f. .05 > P> .025
2 2I= 6.83 at 6 d.f, .50 > P> .25
3 21z 6.711 at 6 d.f. .50 ) P) .25 -«

For blocks 1 and 2 2 I e 30,71 at 14 d.£. =~ 01> P> .005

1l and 3 213 23.25 at 14 d.f. .10 ) P).0S

2 and 3 212 21,05 at 14 d.£. .10 ) P) .05
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(5.29) Estimates of Precision

How well the counts estimate the phytoplankton of the water
also depends on randomness of the distribution in the body of water {it-
self. Counts obtained from the lake, for example, were noticeably
lower when the wvater was calm than when waves were present. Trends
detectable over several days' counts were considered reliable whereas
a fall or rise in numbers evident on one day only, was not considered
significant. The lake was sampled often enough that most populations
would be expected to reflect a rise or fall {n numbers over several
sampling dates and not complete the cycle between two sampling periods.

In School Bay too, the distribution seemed far from random.
Generally an open water and a shore site were sampled and the data
from the two sites combined. On most dates the counts for both sites
wvere similar. Por example, on July 13, 1968, estimates for Botryo-
coccus from open and shore sites were respectively 1100 and 1400
coenobia per litre and for Pediastrum 4315 and 4125 for open and
shore sites respectively. However, on July 27, 1968, there were

approximately twice as many Botryococcus coenobia in the open sample

as in the shore water sample, and there were more than six times as
many Pediastrum cells in the open water as in the shore sample. The

reverse was true on June 28, 1967 when 55 Botryococcus coenobia were

estimated per litre in the open water and 450 coenobia per litre at
the shore site. Similarly, 110 Pediastrum coenobia per litre were
estimated for the open water and 705 coenobia per litre for the shore
site. Thus for School Bay counts as with the Lake Manitoba counts, it

is essential to look for trends and not to attach too much significance
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to drastic changes evident on only one sampling date.

The error in the estimates from the total chamber counts
will vary Qlth the size of the count. 1t could be read off tables
but it is probably sufficient to say that in most instances the count
fron the five chambers was at least 100 individuals. Thus the counts
were generally at least within 20% of the actual number in the sample
nineteen times out of twenty. Confidence limits for individuals per
litre {n a sample could be determined. For example the August 1, 1967

mean count for Oocystis crassa was l44 coenobia in a cell mount. The

estimated number of coenobia per litre was 735. The confidence limits
for this count were 625-865 coenobia per litre.

Many of the phytoplankton species occur in colonies or
coenobia and not as single cells. In some of the blue-green algae
there may be thousands of cells in a colony vhereas {n the green
algae a colony more often contains from two to thirty-two cells.
“stimates of cells per litre were made for the species which were
attacked by chytrids since a knowledge of the population increase or
decline in terms of cells and a knowledge of the percentage cells in-
fected {s essential {f one {s to understand the effect of the chytrid
on the algal species.

Fstimates of the number of cells per cosnobium, and estimates
of percentage of host coenobia and host cells infected, were all col-
lected at the same time. A thick concentration of phytoplankton was
placed in lactophenol and cotton blue on a slide. The number of cells
in the coenobium, the number of cells infected and the stage of develop-
ment of the fungal thalll were recorded for each coenobium of the species

under observation. The slide was systematically criss-crossed to derive
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this information. 1If possible 100 host coenobia were counted. However,

in the lake samples this was generally feasible only for Oocystis crassa

and Staurastrum pingue. The other Oocystis specdes were much less com-
mon. The greatest nmumber of O. lacustris coenobia from a sample

counted was about 60. From School Bay, 100 Botryococcus and Pediastrum
coenobia were counted when this was possible and when it was not as many

as could be found were counted. For both Botryococcus and Pediastrum

no attempt was made to estimate number of cells per coenobium and
chytrid iafection was estimated only in terms of percent coenobia in-
fected. The number of fungal thall{ per coenobium and their stage of
development, were, of course, recorded.

Cstimates of cells per coenobium for Qocystis crassg varied
from 1.3 - 1.9 but for most dates the estimate fell in the range 1.5~
1.7. This mean number of cells per coenobium was multiplied by the
number of coenobia per litre for that date to obtain the aumber of
cells per litre. The estimate of cells per coenobium in Qocystis
lacustris varfed from 2.2-7.6 cells per coenobium but the estimate most
often fell i{n the range 3.3-4.8. Confidence limits for cells per litre
could be derived by multiplying mean number of cells per coenobium by
the limits estimated for coenobia per litre. For the August 1, 1967

Docystis crassa count the 95% confidence limits for cells per litre

would be 1060-1470 cells per litre. The actual estimate was 1250.
No statistical tests to establish reliability were applied
to the data obtained from the chytrid counts under discussion. The
very regular nature of the increase in percent host cells and host
coenobfa infected suggests that the sampling was indeed adequate and

the estimates were good ones.
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(5.30) Linear Regression Analysis

In an attempt to elucidate some of the factors which trigger
the onset of chytrid epidemics, graphs of changes in host population
levels, and changes in environmental conditions, were compared with
graphs of the rise of chytrid populations. This subjective approach
gave a few clues as to what pairs of factors would be worth while to
treat statistically. Coenobia per litre, rather than cells per litre
wvere used {n these comparisons because the error in estimating coenobia
{s smaller than the error in estimating cells per litre. This meant
that {t was pereent coenobia infected rather than percent cells infected
that were used {n the comparisons. Since the curves for percent
coenobia infected were similar but slightly higher than the percent
cells infected, the comparisons were valid. In the case of the Oocystis
species it was total percent infection which was used in the comparisons
since all three chytrids attacked about the same time.

The data from the envirommental factors such as temperature,
pH and conductivity were assumed to be normal. Algal counts of coenobia
per litre were converted to the logarithms of the numbers to maka the
data normal (Cassie, 1961). Percent coenobia infected were converted
to arcsin fpercentage for the same reason.

The data from three summers, 1966, 1967 and 1968 were com-
bined since it was only in this way that enough pairs of factors were
available to make analysis worth while. Moreover the data from each
summer necessarily involved a time series. No correction was made for
this in the analysis. Since the purpose of the analysis was purely
descriptive, to explain what was observed, and not to make predictions

for future observations, the lack of correction for time should not
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TABLE 17

REGRESSION ANALYSES OF SELECTED PAIRS OF DATA LUMPED
TOGETHER FROM THE SUMMERS OF 1966, 1967 AND 1968

alga Y X n r a + bx 7% variance
in Y ex- :
plained t
0. lacustris coen/L | temp. 27| 0.259| 1.20+ 2.32x |6.7 j
0. crassa | coen/L| temp. | 27| 0.065| 2.40+ 0.05x |0.4
0. lacustrist % coend temp. | 27 0.691+ -19.82+ 1.68x] 24.1
infected
0. crassa % coen.] temp. 27 0.5117 «6.69 +0.76x]|26.1
infected

Staurastrum | cells/L | temp. 27 | 0.319 1.86~0.03x |10.2
pinque 3)

Staurastrum | cells/L | temp. 27 0.254 1.964+0.02x |6.5
pinque 265
r - significance at 5% level for n - 2 = 25 d.£.

is 0.381, and for 29 d.f. it is 0.355

Pediastrum | coen/L tenp. 31 0.106 2.4370.01x |l1.1
boryanum

P. boryamm | coen/L | pH 31| 0.155| 1.34+0.16x [2.4

P. boryanum | 2 coen. | temp. 31 | 0.124 114,03 - 0.26x|1.5
infected
% coen. | cond, 31 0.180 | 13.75 + 0.02x}3.3
infected

e e o ke € S AT T

% coen. |pH 31| 0.051 |-3.65+ 1.85x 0.3
infected

L_\l_ﬂ{ coen/L |temp. 31 0.456%] -0.69+ 0.09x [20.8

Botryococcus| % coen. |temp. |31 | 0.245 | -8.93+ 0.93x | 5.1
infected
Botryococcus| coen/L |cond. |31 | 0.641%] -0.52+0.70x k1.1

Botryococcus|% coen. |cond. |31 | 0.436%|-12.34+8.79x [19.0
infected

Botryococcus| % coen. | coensL| 31 0.7524 -7.71+13.87%56.5
infected
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diminish the meaningfulness of the comparisons too much. 1t is impor-

tant to remember as well that sampling was carried out only during

3 1/2 months of each year and thus no data were available for other sea-
sons of the year when the host alga might occur with or without the
chytrid.

With the above reservations in mind correlation and regression
analyses were carried out on a PDP 10 computer for 15 pairs of data
(Table 17). Significance levels for correlation, or the amount by which
the two factors were related, were derived from Table A.13 in Steel and
Torrey (1960). Regression lines, or the amount by which one factor is
fnfluenced by the other, were considered meaningful {f the correlation

value was significant or ‘'almost significant' at the SY level.




CHAPTER 6
THE ECOLOGY OF CHYTRID EPIDENICS

(6.1) Introduction

The parasitic nature of the attack by many aquatic fungi,
especially chytrids, on fresh water algae has long been recognized.
No attempts were made to assess the importance of the phenomenon,
however, until the study of Canter and Lund (1948). Weston (1941)
had stated that aquatic fungi were 'commonly extensively and often
destructively parasitic” on the algae of fresh waters. His statement,
however, was based mainly on conjecture.

Obviously the first step towards an assessment of the im-
portance and the causes of chytrid epidemics {s to study their role
in the succession of algae In specific bodies of water. Canter was
the pioneer in this field. Even twenty years later, she is con-
sidered the authority in this field and such authors as Sparrow (1960)
and Hutchinson (1967) quote extensively from her study when they dis-
cuss the ecology of chytrid epidemics. It {s, however, the nature of
biological material to be variable. Conclusions derived from one
study may not be true in other lakes or in the same lake in other
years. Not one or two studies, but many are needed to derive a true
picture of the role of fungus parasites in the freshwater ecosystem.

Canter found that the relationship of a chytrid to an algal

nopulation was not always the same. From her study of the incidence
151
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of Rhizophidium planktonicum on Asterionella formosa (1948) she con-

cluded that the fungus was a parasite. Two factors seemed to suggest
1 host-parasite relationship. Pirstly, encysted zoospores were found
on the healthy cells and secondly, the fungus multiplied extensively
on a growing population of the alga. The fungus was almost always
present in sparse numbers on the host alga and the periods when the
fungus multiplied to epidemic proportions were sporadic and usually

of short duration. The attacks of Rhizophidfum fragilariae and

Chytrid{um versatile (Canter and Lund, 1953) on Fragilaria crotonensis

revealed a different pattern. These fungi attacked while the algal
population was still at maximum numbers but some time after growth

had stopped due to limfting concentration of silica. The algal num-
bers would have been expected to decline even in the absence of fungus
attack. The hoat cells were probably senescent and thus more vul-
nerable to attack. The fungus, though a parasite, secemed able to
attack only cells which were in a weakened condition. Another fungus

7ygorhizidium melosirae was exceedingly sporadic in its occurrence on

Melosira italica and its effect on the host population was generally

negligible. Tt {8 therefore difficult to draw conclusions as to the
nature of the alga-fungus interaction.

Paterson (1950) studied the i{ncidence of Rhizosiphon ana-

haenae on the blue-green alga Anabaena planktonica. He noted that the

fungus was most abundant when the host population was declining. It
was moreover unlikely that the fungus contributed significantly to the
rate of decline of the alga because only a very small percentage of

cells were attacked by the fungus.
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Canter proved that chytrids could significantly affect the

incidence of particular algal species in the phytoplankton. She sug-
gested that these fungi played a significant role in the succession of
the whole phytoplankton. She stated (1949) that the desmids of Lake
Windermere "are largely controlled by fungal epidemics,” and the green
algae exclusive of the desmids '"usually multiply rapidly in summer but
they too become parasitized and quickly disappear.” In contrast to
Canter's conclusions Aleem (1953) mafintained that marine fungi had
relatively little effect on the algae of the marine ecosystem. He
stated that despite extensive examinatfon, a comparatively small num-
ber of algal species showed traces of fungal attack. Of these only

the attacks of Ectrogella pexforans on Licomorphg and of Eurychagma

dicksoni{ on Striaria attenuta were at all extensive. He noted, more-

over, that the activity of marine Phycomycetes was most obvious in
warm sheltered bays of more or less polluted water, when the concent-
ration of host cells was exceedingly high. The question of nutrient
content had also been raised with regard to freshwater. Canter (1948)
reported that of the four lakes she examined, only in the more eutro-
phic ones did clear-cut epidemics occur. Lund suggested (1957) that
the more eutrophic lakes supported high populations of host cells and
thus it might be higher host cell concentration rather than organic
content of the water which promoted the onset of an epidemic. None of
the environmental factors which Canter (1948) studied could be showm
-either singly or considered together to promote the onset of an epi-
demic. These factors i{ncluded temperature, light, lake level, inorganic

ions and abundance of the host organism Asterionella.
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Cook (1963) stated that the ability of zoospores to germinate

on a particular surface was the most significant factor in the deter-
mination of host range. Increasing the amount of inoculum would not
produce infection in am alga on which zoospores were unable to germi-
nate. Some algal species, however, derived their resistance to specific
fungi by forming thick plugs of wall material at the point of penetration.
Such algae generally succumbed to a high level of i{nfection when many

germ tubes began to penetrate into the cell at the same time.

Cook (1963) managed to maintain host-parasite cultures of

Entophlyctis, Mitochytridium and Myzocytium all in Closterium. Ento-

phlyctis failed to develop unless the atmosphere around the culture
was enriched by carbon dioxide. A high concentration of carbon diexide
also stimulated the growth of the other two fungus species but wms not
essential for their maintenance. The effect of the carbon dioxide
might have been directly on the fungus. It is possible, however, that
the effect was stimulation of the metabolism of the host, thereby
promoting growth of the parasite on a healthy host.

Perhaps the most significant study of the factors favouring
the onset of chytrid epidemics was that of Barr (1965). Hs found that

Rhizophydium sphaerocarpum was able to attack Spirogyra in heavy con-

centrations when envirommental conditions were suboptimal for the host
but optimal for the fungus. Rhizophydium attacked old Spirogyra cul-
tures whose growth rate had dropped drastically but was much less
effective in its attack on young, growing cultures. More dilute
nutrient concentrations in the medium supported lower Spirogyra growth

and fungus infection was higher. Susceptible Spirogyra isolates grew



poorly or not at all at 30 C which was the optimum temperature for the
fungus. Both fungus and alga grew best within the range pdH 7.0 - 7.5

but the alga maintained good growth over a much wider range. It there-
fore seemed unlikely that pH was an i{mportant factor in the onset of a

Rhizophydium epidemic on Spirogyra. Surprisingly, prolonged darkness

favoured Rhizophydium {n pure culture but seemed to inhibit its attack

on Spirogyra. Possibly a Spirogyra culture maintained in the dark was
too senescent to support growth by the fungus.

The findings of Barr were especially helpful in the inter-
pretation of chytrid blooms on specific algal populations in the Delta
vaters. Knowing that Canter and Barr had observed some chytrids to
exploit a weenescent host population this was assumed to be the most
probable pattern of attack. Thus the first criterion {n assessing the
relationship was whether the host population was growing or declining.
A chytrid vhich appeared on a growing host population was deemed a
virulent parasite. An algal population at its maximum would normally
begin to decline after a greater or lesser period of time. A chytrid
which attacked such a population was a moderately virulent parasite,
one which could attack under conditions slightly unfavourable to the
host. A weakly parasitic fungus appeared only on an algal pspulation
which was rapidly declining. Whether the cells were merely .senescent
or actually dead at the time of zoospore encystment, would be a point
difficult to determine. Obvious saprophytes were fungi which appeared
on algae whose cell contents were already disorganized.

(6.2) The Ecology of Chytrids in School Bay

In School Bay of the Delta marsh it was the dominants on

which heavy growths of chytrids appeared. The severity of the attack,



however, varied dramatically from year to year.

(6.21) Phlyctidium scenedesmi

Sparrow mentions (1958) how frustrating and annoying mycolo-
gists have often found chytrids to be. The occurrence of Phlyctidium
scenedesm{ in School Bay {n the summers of 1966, 1967 and 1968 {llustc-
rate Sparrow's point well., The only generalization which can be made
about this fungus {s that tt {s a virulent parasite. It attacked the
Pediastrum population {n 1966 when daughter coenobia, still inside
their vesicles, were very common in the phytoplankton. On July 20,
at the height of the epidemic, a coenobium was observed in which one
cell was infected with a mature sporangium while another cell released
a new daughter coenobium., Moreover, host cells, vhen firsc attacked by
encysted zoospores, appeared conspicuously healchy.

Fott (1967) described the virulent attack of this chytrid on

rniss cultures of Scenedesmus quadricauda in Czechoslovakia during the

rainy and cold summer of 1965. At Delta, 1966 was a warm summer and

aid-July was particularly sunny and hot. Phlyctidjum scencdesmi was

nresent in low numbers in mid-May, 1966, on Pediastrum boryanum and

hv rhe end of the month it was also apparent on Scenedesmus quadricauda

(Table 18, Figure 17). As both algae increased to maxima of 2660 and
7420 coenobia per lizre for P, borygnys and S, quadricauda respectively,
the chytrid also successfully multiplied. The chytrid maximum almost
coincided with the host maxima. Of the Pediastrum coenobia 437 were
infected on July 24 and 467 of the Scenedesmus coenobia were infected
at the same time. Thereafter the host populations declined but chytrid
numbers fell much more drastically. Scattered chytrid thallil were

noted on the low algal populations throughout August and September and
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FICURE 17

Pediastrum borvanum and Scenedesmus quadricauda population levels

and percentage coenobia {nfected by Phlycti{d{um scenedesm! in

School Bay during the summer of 1966. Host levels are i{ndicated

by lines joining the estimated population numbers and the percen-

tage infection (s indicated by histograms.
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even as late as October 9 when the temperature had fallen to 6 C.
Tt is interesting that the percentage of fungal thalli in the

goospore cyst stage remained high in Phlyctidium scenedesm{ throughout

the period of maximum i{nfection (Table 19, Figure 18), 1t is also
{nteresting that the percentage of developing sporangfa was much higher

than the percentage of empty sporangia, unlike the Chytridium deltanum

evidenmics on Cocystis. The percentage of zoospore cysts on Scenedes-
nus was much higher than on Pediastrum which suggests that the chytrid
was able to encyst successfully for a longer period on the former host.

Resting spores were noted only on Pediastrum boryanum and this was on

July 20 and July 24, the height of the epidemic.
1967 was a cold, rainy summer and what attack there was on

Ped{astrum and Scenedesmus by Phlyctidium occurred in the latter half

of May and throughout the bleak month of June (Table 20). Neither

host ponulatfion showed any marked growth during the time of the attack,
ar even during July (Figure 19). Small host maxima were observed on
Augusz 2, 1967,

Tn 1968, both "ediastrum and Scenedesmus populations mul-. -

tinlied ranidly in the first week of July to produce large maxima of
12.1 x 103 coenobia and 14.5 x 103 coenobia per litre for Pediastrum
and Scenedesmus, respectively (Table 21). Thereafter, both populations
declined slightly. Phlyctidium was present on 14.8% of the Pediastrum
coenobia and 46.6% of the Scenedesmus coenobia early in July but the

fungus quickly disappeared (Figure 20).

In School Bay the increase in Pediastrum population showed

no correlation with temperature or pH, nor were there correlations



TABLE 19

PROGRESS OF EPIDEMICS AND COMPOSITIUN OF PHLYCTIDIUM
SCENEDESMI POPULATIONS ON PLDIASTRUM BORYANUM AND

SCENEDESMUS QUADRICAUDA

1966
Phlyctidium scenedesmi on Pediastrum boryanum
July

shore site 6 13 20 24 27
2. 94.3  42.0 34.6
dev. 100.0 5.7  47.3 53.8
deh. 10.7 11.6

open water
z. 94.8 33.5 62.3 48.1
dev. 4.3 61.2 33.2 50.0
deh. 0.9 5.3 4.5 1.9

Phlyctidium scenedesmi on Scenedesmus quadricauda

July
shore site 6 13 20 24 27
2. 83.7 86.2
dev. 6.3 10.3
deh. 10.0 3.3
open water
z. 98.5 97.6 94.0 75.8
dev. 1.5 1.2 3.8 18.2
deh. 1.2 2.2 9.0
Phlyctidium on Pediastrum Phlyctidium on Scenedesmus
July 4, 1968 July 4, 1968
z. 70.6 z. 95.2
dev. 29.4 dev. 4.8
deh., 0 deh. O

the data are expressed as percentage of the fungus
population

Z. = germinated zoospore cysts
dev, = developing sporangis
deh. = dehisced sporangia
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FICURES 19, 20
Pedfastrum boryanum and Scenedesmus quadricauda population

levels and percentage coenobia infected by Phlyctidium

scenedesmi in School Bay during the summer of 1967 and

July, 1968, respectively.
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between percentage of coenobia infected and temperature or conductivity.
In short, the data yielded no clues as to which conditions favoured the
alga and which favoured the chytrid. Stern (1968) found Pediastrum

growth to be positively correlated with temperature but not with photo-

period. 1In the small pond which he was studying the Pediastrum bory-

anum maxi{mum occurred fn July due to the wvarming of the water. 1In
School Bay factors other than temperature must have exerted considerable

effect on the Pediastrum population.

(6.22) Chytridium marlandicum
Chycridium marylandicum is a saprophyte. Its endobiotic

system grows in the firm mucilage surrounding the Botryococcus cells.

Each summer this saprophyte attacked Botryococcus as the algal popu-

lation was approaching the maximum (Figure 21). This was true in 1965

when 65.27. of the Botryococcus coencbia were ¢oOlonized on July 5, the

time of the algal maximum. 1In 1966, this alga appeared in the School
Say phytoplankton near the end of May (Table 18). On June 1, 6.77 of

the Botryococcus coenobia were observed to support chytrid thalli.

The fungus maximum of 12.5% coenobia infected, coincided with the

Jotrvococcus maximum of 480 coenobfia per litre. Both alga and fungus

declined after the maximum on June 30 and by July 20 the chytrid had

coapletely disappeared. Botryococcus showed a slight increase late

{n July and on August 3, a robust chytrid was observed on dead Botryo-
toccus coenobia. This latter fungus was observed again on one date
in 1967,

In 1967 the Botryococcus population in School Bay was sparse

(Table 20). The maximum was only 250 coenobia per litre, observed on

July 28. The Chytridium attack lasted from mid-June to the end of the



FIGURE 21

Population levels and percentage of Botryococcus braunii

coenobia supporting Chytridium marylandicum thalli in

School Bay in 1966, 1967 and 1968. Note that the scale

for days in 1968 is twice as wide as that {n 1966 and 1967.
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first week in July and its maximum was also on June 28 when 40.57 of

the algal coenobfa supported fungus thallf{.

1968 was an excellent year for both Botryococcus and Chytri-

dium marylandicum (Table 21). wWhen sampling was started on July 4,
there were 705 coenobia per litre of which 28.4% supported chytrid
thalli. The alga increased to a maximum of 2300 coenobia per litre on
July 8. At this time 57% of the coenobia were infected with Chytridium.
The chytrid increased to a maximum of 79.5% of the algal coenobia {n-

fected with fungus thall{ on July 16 as Botryococcus numbers began to

fall. The decline of the alga was faster than the decline of the fun-

gus. On July 29, there were only 130 algal coenobia per litre of which 48%
supported chytrids. The alga had declined to 80 coenobia per litre on
August 1 and only 16% of those coenobia were found to support chytrid

thalli.

The Botryococcus and Chytridium data from the summers of 1966,

1967 and 1968 together form a distinct pattern of occurrence and non-
occurrence in School Bay. Neither the alga nor the fungus, expressed
in terms of percentage of coenobia bearing thalli, showed correlations
with pH. Both the algal population levels and the percentage of in-
fected coenobia showed correlations with temperature (Figure 22). The
correlation between the alga and temperature was more marked, however,
than between the fungus and temperature. Both the number of algal
coenobia per litre and the percentage of algal coenobia supporting
Chytridium thalli showed strong correlations with conductivity (Figure
23). A very high positive correlation was found moreover between the

algal population level and percentage of infected coenobia (Figure 24).
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The data clearly indicate, therefore, that the appearance of Chytri-

dium marylandicum was favoured by conditions optimum for Botryococcus.

As the algal population increased, so did the fungus population.

An interesting sidelight of the development of Ch fdium on
BJotryococcus in 1968 was the apparent cyclical release of zoospores
every five days (Table 22, Figure 25). The percentage of soospore
cysts compared to total fungus thalli increased dramatically every five
days. This suggested that the asexual development of the fungus, under
optimum conditfons such as were found in School Bay in 1968 took about

five days to complete.

Chytridium marylandicum was an {nteresting saprophyte. It

was highly specific to Botryococcus. I have observed it growing on

Rormococcus in such widely diverse habitats as a gravel pit pond of
neutral pH, acld bog water and the highly alkaline Delta marsh waterﬁ.
3ripght red coenobia of the alga were occasionally observed in Delta
waters, most frequently in lake Manitoba. Fogg (1965) found that the
red colour results from an accumulation of carotenoid pigments in the
mucilage when nitrate in the culture medium has been exhausted.
Chvtridium was never observed on such senescent coenobia. This rhe-

nomenon of the growth of Chytrid{um marylandicum on Botryococcus

brauni{ can possibly be considered a close association of two organisms
in which the fungus derives the benefit.

(6.3) The Ecology of Chytrids in Lake Manitoba

Only {n the case of Diatoma elongatum was a dominant in Lake

Manitoba obsérved to be attacked by aquatic fungi. For the most part
it was planktonic green algae which supported chytrid thalli and these

formed a very small part of the phytoplankton.
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(6.31) Rhizophydium schroeteri

Two varieties of Diatoma elongatum, both very common, were

oresent {n Lake Man{toba in mid-May, 1966 and 1967 when sampling was
started (Table 23, Figure 26). On May 16, 1966, D. elongatum var.
tenue numbered 160 x 103 cells per litre. The population rapidly de-
clined after this until it had disappeared by the end of June. The
long form {ncreased from 505 x 103 cells per litre on May 16 to a maxi-
mum of 1103 x 103 cells per litre on May 30. Thereafter it slowly
declined by July B to a few scattered cells per litre. Despite the
fict that one population was about to decline and one was still growing

the percentage of cells infected by Rhizophydium schroeteri was simi-

tar on boyth forms on May 16. Of cthe long cells 6.6%, and of the short
cells 7.6%, were observed to be {nfected. 1In June a few scattered {n-
stances of infection were noted on the long form but none was found on
the short form.

The 1967 population curves looked similar to the 1966 omnes
hut hoth varieties reached maxima on the same date, May 22. This was
632.5 » 103 cells per litre for the long form and B7 x 103 cells per
l{tre for the short form. Chytrid thalli, mostly zoospore cysts,
were noted on both varieties on May 1S. The percentage of infected
short cells increased from 2.8% on May 15 to 6.1% on May 29. Infected
cells of the short form were not found again. The percentage of in-
fected long cells increased from 0.8% on May 15 to 9.1% on June 27.

B8y July 4, the chytrid had almost totally disappeared.

Rhizophydium schroeteri was probably parasitic on Diatoma

since it could attack before the host maximum., However, what triggered



DIATOMA ELONGATUM

TABLE 23
AND D. ELONGATUM VAR. TENUE

IN LAKE MANITOBA

176

Date elongatum

1966 * fected var. tenue fected

May 16 504900
May 26 516300
May 30 1103300
June 6 439200
Junel3 261400
June 269600
June2? 83300
July 4 $1000
July 6 2600

1967

May 15 197700
May 22 632500
May 29 244400
June 5 318300
Junel3 16700
Junel9 92500
June23 $8800
June27 111100
July & 346600
JulylO 10100
Julylé 3500

6.6 159600 7.6 9.7
1.1 19600 O 14.9
0 19600 O 18.3
0 19000 O 18,2
0.8 2600 O 12.6
0 6 O 24.4
0.6 3900, 0 26.2
0 0 O 23.2
0 o 0

0.8 69800 2.8 5.0
1.3 86900 5.4 6.2
1.6 33700 6.1 14.1
0 27200 O 19.2
0.5 1300 O 22,5
2.3 2300 O 17.3
4.8 1000 O

9.1 o 0 22.3
0.2 o O 22,5
0 o o0 24.0
0 o O

8.27
8.73
8.52
8.77
8.74
8.72
8.23
8.22

o 00 G Q?QQO@
HLPOAW WODOOMO®

000 OO0OWBLOWO
NN N!QP""CO
NOO HANOVOVODS

0.68
1.77
2,08
1.73
1.72
2.03
1.70
1.89

. e o o o
VoOOOWVWK

* o
wnwN

% in- elongatum % in Temp. pH Cond. Alk.

112
176

250
259

253
268
229

*Diatoma elongatum and D. elongatum var. tenue expressed
as cclls per litre

The chytrid on both varieties is Rhi zophvdium schroeteri



LIQURE 26
Population levels of Digtoma elongstum and D, glongatw
Var. genue .... and percentage of cells attacked by

Ehisophydium gchrostert indicated by histogrems which match

host population levels. The dats were collected from Lake
Manitoba during 1966 and 1967.
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{ts appearance was far from clear. The effect of the fungus on the
host population was certafinly negligible in the spring of 1966 and of
1967 but there probably are years when this chytrid has a marked effect
on the host population. Koob (1966) discussed a comparable situation.

He described two lakes in which Asterfonellas formosa occurred in con-

siderable numbers. 1In 1956 only very low percentages of cells were

observed to be {nfected by Rhizophydium planktonicum and no chytrids

at all were found on the alga {n 1957. However, in 1958, heavy attack

occurred on a restricted size range in the rather variable Asterionella

nopulation. The epidemic occurred while the susceptible host popu-
lation was rapidly growing so that the observed host maximum was pro-
bably much lower than {t would have been in the absence of the parasite,

(6.32) Phlyctidium bumilleriae

Staurastrum pinque was a common member of the summer phyto-

nlankton in Lake Manitoba. BRoth in 1966 and 1967, it was present in
low qumbers at the time of the spring thaw and by early June the popu-
lation had begun to increase slightly. This alga achieved a maximum
of 2.5 x 103 cells per litre on July 4 and it maintained these num-
bers until the third week in July when a slight decline began. In 1967
the increase was slow and a maximum of 1.6 x 103 cells per litre was
not achieved until July 31 after which time a slight decline was
apparent. In 1968 the concentration of cells was fairly stationary
during July and the highest number, 0.9 x 103 cells per litre was ob-
served on July 22,

The Staurastrum population was interesting in two respects:
firstly the population occurred in several forms or facies and

secondly the various forms were attacked to different degrees by the



n?
chytrid Phlyctidium bumillerise. A 3-radiate form, a 4-radiate form

and an intermediate form with three processes on one semicell and four
on the other were always found together in the phytoplankton. On rare
instances cells were found with five processes on one semicell and four
on the other. The 3-radiate and 4-radiate cells were present in dif-
ferent proportions in different years. Both in 1966 and 1967, the
j-radiate form was more than twice as common as the 4-radiate form
during July. However, in 1968, there were approximately twice as many
4L-radiate as 3-radiate cells. The two forms were always found together
{n the phytoplankton. They achieved their maxima simultaneocusly and
they declinedtogether. The 4-radiate form was much more commonly
attacked than the 3-radiate form. The intermediate form resembled

the 4-radiate in its susceptibility to the chytrid. This suggested
that the intermediate cells were physiologically similar to the 4-
radiate form, possibly a transition stage from the 3-radiate to the
4-radiate form.,

Although the 4-radiate form was not as common as the 3-
radiate in 1966 it was the former which was attacked by Phlyctidium
bumilleriae (Table 24, Figure 27). The chytrid appeared early in
July, and 5% of the 4-radiate cells were infected on July 4, The
percentage of infected cells increased on the fairly constant host
population to 17.9%.on July 18 and continued to increase to a maximum
of 20.7% on the declining population. After the fungus maximum on
August 1, numbers of chytrid thalli slowly fell until only 1.7% of the
L-radiate host cells were infected on September 5. On July 11, 11.1%
of intermediate cells were infected but before that sporangia were not

obgerved on this form. Infected intermediate cells were noted during
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the rest of July but not in August although the fungus lingered on the
4-radiate population up to the time when sampling stopped on October 9.

In 1967 Phlyctidium scarcely ever appeared on Staurastrum
(Table 25, Figure 27). Scattered infections were noted on July 17,
July 26, July 31 and August 4. The highest number of calla infacted
wvas on July 26 when 2.7% of the 4-radiate form were infected. The
appearance of the chytrid in 1967 was coirzident with the time of maxi-
mum concentration of host célls.

In 1968 (Table 26, Figure 27) the 4-radiate form was approxi-
mately twice as common as the 3-radiate form. Both forms maintained
fairly constant numbers of cells throughout the month of July. Again
it was mainly the 4-radiate form which was attacked by Phlyctidium.
Percentage infected cells increased from 0.9% on July 3 to 26.5% on
July 29. Intermediate type cells were only sporadically attacked
during the same period.

In 1965 both 3-radiate and 4-radiate forms of Staurastrum
2inque were common in the phytoplankton. The only instance of chytrid
attack on this alga was on July 26 when a dehisced sporangium was
noted on a 4-radiate form of the alga. It is noteworthy that the maxi-
mum percentage of infection was on July 25 {n 1966, July 26 in 1967 and
July 29 in 1968. Why the maximum infection occurred within this narrow
four day period despite wide differences in other factors such as popu-
lation size, whether the population was growing, stationary or de-
clining and the proportion of 3-radiate to 4-radiate cells is not at all
Clear. One might suggest photoperiod. Temperature does not seem to
be the answer since on July 25, 1966, the temperature was 20.1 C and on

July 24, 1967 it was 25.5 C.
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TABLE 25
STAURASTRUM PINQUE INFECTED BY PHLYCTIDIUM BUMILLERIAE

Date 3 ra-+ % in- é ra- % in- 3/4 inter- % in- Temp. pH Cond. Alk.

1967 diate fected ate fected mediate fected

July 4 58S 0 155 0 10 0 22,85 8.6 2.63 268
July 10 560 0 215 0 10 0 26,0 8.4 2.25 229
July 17 600 0 210 1.2 20 0 2.6 8.7 2.12 254
July 19 0 0 0

July 22 0 0 0

July 24 860 0 270 0 15 0 25.% 8.5 2,30 216
July 26 0 2.7 0

July 28 0 0 0

July 31 1015 0 530 1.3 65 0 23.5 8.4 2.42 264
Aug. 4 855 0.3 3ss 1.4 40 0

Aug. 7 728 0 280 0.9 30 0 22.6 8,6 2.24 262
Aug. 15 305 0 198 0 40 0 26.0 8.3 2.36 248
Aug. 21 340 0.7 400 0 S5 0 19.6 8.6 2,46 274
Aug. 27 145 0 295 0 30 0 23.0 8.4 2,43 258

* Staurastrum pinque expressed as cells per litre
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TABLE 26
STAURASTRUM PINQUE INFECTED BY PHLYCTIDIUM BUMILLERIAE

Date Jra- A in- 4 re- % in- 3/4 inter- % in- Temp. pH Cond. Alk.
1968 diate* fected diatet fected mediate*  fected

July 3 220 0 430 0.9 20 0

July § 270 0 360 3.3 23 6.7 25.0 8.7 2.26 249
July 8 140 0 220 3.0 20 0

July 10 200 0 270 1.8 30 0 23.0 8.6 2.27 257
July 12 235 1.1 610 3.3 25 0

July 15 195 0.9 315 1.6 30 5.6

July 17 70 0 170 2.9 5 0 26.5 8.7 2.26 1256
July 22 310 0 523 6.0 40 4.3

July 24 185 1.8 343 13.5 K} 25.0 2,0 8.6 2,30 252
July 26 280 1.2 520 26.7 40 12,5

July 29 220 0.8 370 26.5 40 8.7

Aug. 1 300 2.2 490 12,2 50 14.3 24,0 8.7 2.15 247

*+ Staurastrum pinque expressed as cells per litre
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Other Staurastrum species present i{n the phytoplankton were

occasionally observed to be attacked by Phlyctidium bumilleriae during

periods when Staurastrum pinque was heavily attacked. A small, usually

2-radiate form, possibly Staurastrum chaetoceros, was observed to be

fnfected on July 6, 8 and 27 fn 1966, August 21, 1967 and July 15, 24

and 26 in 1968. Staurastrum muticum and S. cuspidatum var. divergens,
both of which were rarely seen in the plankton, were in one or two
instances, observed bearing dischargel sporangia.

It {s interesting that a fungus which attacks one variety
almost exclusively, should be able to attack other species of the same
genus. Tt is difffcult to assess the physiological state of host cells
vhen first attacked since it was mainly discharged sporangifa which were

observed. However, the fact that in 1967 Phlyctidium bumilleriae was

able to {ncrease on a host population which was also growing, suggests
that the attack {s parasictic.

{6.33) Rhizophvdium couchit

The occurrence of this fungus on Pediastrum duplex var.

clathratum and P. duplex var. reticulatum was erratic (Figure 28).

The fungus was probably a saprophyte since all cells in an infected
coenobium appeared senescent not just those supporting chytrid spor-
angia. In general, coenobia of the clathratum variety seemed to sup-
port more chytrid thalli and the duration of the attack om this variety
was more sustained than on the reticulatum variety (Tables 27, 28, 29).
It is possible that there were more senescent clathratum than reticula-
tum coenobia {n the phytoplankton during the summer months. Resting
spores were found only in 1967 and only on the clathratum variety.

Several were noted un August 1 and August 21, This was at the end of



196

81331 aadwoveod

4

$® Pessaadxe wywp WNJIPAYIFIDO °IwA XP10NP °d Puw WNIPINDTINA °IA XP[dNp ENIISOIPIJ

0 0 6 °3%0

Lt 0 yz °deg

9 L1 L1 ¢ °3adeg

1,4 82°C 0L°8 S°ST 0 005 0 008z 2T ‘Pay
"z 0°t 0L°8 S°CT 0 0 0 0 ¢1 Sy
91¢ 8I°T  I€°6 0°LT 0°St 0 0 0S¢ g °Sny
LS€ $0°Z 8L Y'YT 6°¢C 0st T 00§ 1 ‘fay
1y 0°t 61°8 1°02 00§ 00§ (e Amr
(34 s°y2 st Avr

162 L6°T 9L°8 9°vT @ 0 6°1 059 oz Amr
6°21 9°8 81 Amp

z 0001 8°c 0001 ST Amwr

0S¢ 0591t €1 Am™e

/7 4 0°2 9’8 E€°ST ¥°9 0s1 s°c 0061 11 A0
008 0 008 g Aor

0001 0 059 9 Amop

LET 18°T T8 2°€T 0001 0 0561 y Amp
0L°T €2°8 T°st ¢°1 0s¢ v1 0S6T (T swm¢p

€0°C L8 Y'YT ¢°8 0s€ 1°¢ 0001 0 sump

ZL°T L8 9°Tl  O°fl 059 0 C1 owne

L°T  LL's  TUet 00€1 0 9 sump

g0°Z '8 ¢°91 059 0 o¢ 4wl

L't SL°8  6°91 0 0 vz Ao

89°0 L2°8 L°6 0 0 o1 Awy

POy T poasey 3%q

ATV ‘pue) W cdeey -u3 3 WIEHETG -uy 3 WIVESTIN 9961

ITHONOO WNIAAHRJOZIHY A€ GAILDAINI SALLATHVA XT1dNA WIELSVIARd

{7 TWAVL



1 )

(111%
0$9

3

°>333°8% 333%3%% 2833

(194 €Y°Z  Ov'8  0°¢€e 0°21 0S¢ L°s
L[4 4 9%°Z 09°¢  €°61 S°6C 00§ L°SE
1/4 €T 0£°8 0°92 0s1 -
292 ¥Z°T Ovy's oW 0 00S S ¢t
8°6 00T 8°01
44 'z ov'e S°te L°o1 00€T £
1°6 0561 8°¢
L°s 0001 0
L) {4 6c°T 0s°8  S°s? L 2 5 0s9 ow13
S €T 0S9 0
L€t 009 oot
474 T1°T oL 9°ST 1€ 0s9 0
8°¢ 00§ 0
€S 008 L's
62T T  0Y's oO'W (] (149 0
9°2 0
89z €9°T 09°8 S°T¢ v'e 099 §°21
€T ot o0c°s €°T 0°61 0 L'
(1~ 61°z o8 €1 (] 05€ s°s
0st ”o°T 098 S°T Lot 0s¢ 0
06°T $8°% Z°61 0 0913
91 06°T 0C°8  1°01 (] (
44 68°0 S¥‘'s 7°9 0
$9°0 08°9 0°S 0
PO ______ paade]
‘XY ‘pued W cdwsg -wj y WPV -] )

ERMIVIROTI

TTiD00) MIGANIOZINY AS CGEIOAINT SALLATAVA XT'UINA WEISVIAR

87 FMAV1



323711 29d “qovicd eo—
sv posseadxs wawp WNIVAYILTD °IvA XIdnp °J puv En I39INOJI03 °AvA Xo1dnp ENIISVIP]

e SI°Z oL°8 0°%2 0°L (1114 Ty 0s9 1 *Sny
6T Amr

0 z°y 9T AW

{14 0€°Z 098 0O°% g°81l 0 LY 00S v Aty
gL Tt It Amr

L 114 9Z°T OL°8 S°% 0 0S¢ 0 0001 NIy
°n 0 ¢1 AT

0 () AEAL'Y

LSt (3°C 098 0O°ST 0 0 0 0S¢ o1 Ay
0 0°¢ g &

6°2 R | ¢ e

1/ 4 97°C OL°8 0°St 0°S$ 059 g°1 (1711 € &me
P8Ioe; — peINe] — o0y

“ATY ‘pue) W cdey -upy AP -w3 1 EITROTIMA 8961

ITON0) MTOHIOZTY A€ RIOZINT SALIarava YWY ANISVION

6 TV



FICURE 28

Tonpulation levels of Pediastrum duplex var, rezfculacum ... ..

and . duplex var. clathrazum -

and percentage of

coendhla which suppore thallt of Rhfzophvdium couchit

{indicated by matching hlarograms. “ote that the scale
for davs fn 1948 (s twice what it ts (a the graphs for she

nrevious twy summers,
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a sustained attack on Pediastrum duplex var. clathratum. It is probable

that the chytrid was present on a low percentage of host coenobia when-
ever the alga occurred and there were sporadic, opportunistic bursts of
the fungus population whenever the number of sencscent coenobia in-

creased. Why there should be so [any senescent Pediastrum duplex

coenobia in the lake fs sbscure. 1Tt isg noteworthy that Pediastrum dup-
lex var. clathratum was very common {n Cadham Bay in July, 1968 and no
traces of chytrid attack were found on the alga in this bay,

Pedfastrum boryanum occurred in lake Manitoba in higher num-

hers than the “edifastrum dunlex varierics (Tables 30, 31, 32). This

alza was also attacked by an aquatic fungus. The fungus was similar

to Todochytrium bSut T am not at all sure of the {dentity of this chy-

"rid. The attack appeared to be narasitic and of considerable durarion
cven although the percentage of coenobia attacked was generally low.

This fungus, unlike Rhizonhvdiua couchii{ on Pediastrumn dunlex varieties,

was nsolyohagous and ki{lled many cells {n the coreanbium,

(5.34) Fungi on Docvstis spo.

r5.341) Chvetridium deltanum

Although this chytrid was =ore constant {n its occurrence on
Qocvstis snecies than other aquatic fungi, nevertheless, the virulence
nf the attack was far from predictable. The one generalizarion that

could be made from four summers of observation {s that Chytridium del-

faaum appeared on one or more Docysris species sometime in July. This
chytrid was able to attack four Oocvystis species in 1965. On July 18

the percentage of infected cells varied from 28.67% of Oocystis crassa

to 21.9% of O. submarina to 6.8% of O. parva and 6.1% of O. lacustris



TABLE 30

PEDIASTRUM BORYANUM IN LAKE MANITOBA

1966 Coen./L 2% coen. pH Cond. Alk.

Date infected
May 16 21250 4.5 9.7 8.27 0.68
May 24 3250 5.0 14.9 8.73 1.77
May 30 4600 6.4 18.3 8.52 2.08
June 6 4250 10.0 18.2 8.77 1.73
June 13 2600 10.0 12.6 8.76 1.72
June 20 1000 4.5 24.4 8.72 2.03
June 27 3600 4.7 26.2 8.23 1.70
July 4 4900 o 23.2 8.22 1.89 237
July 8 1150 o
July 11 2300 o 25.3 8.76 2.04 234
July 13 2100 o
July 15 1000 6.7
July 18 3.1
July 20 1150 9.4 24,6 8.76 1.97 231
July 25 3.3
July 27 1300 0 20.1 8.19 2.07 237
Aug. 1 2100 o 246.4 7.82 2,08 337
Aug. 8 1450 3.1 17.0 9.31 2.18 316
Aug. 22 2800 0.7 15.5 8.7 2.28 247
Sept. 5 3.0
Sept. 24 0 13.0
Oct. 9 0 6.0

]



PEDIASTRUM BORYANUM IN LAKE MANITOBA

TABLE 31

1967 Coen./L % coen. Tomp pH Cond. Alk.
Date infected

May 15 150 0 5.0 8.8 0.45

May 22 0o 6.2 8.45 0.89 112
May 29 650 3.2 14.1 8.80 1.90 176
June S 4650 1.8 19.2 8.85 1.90

June 13 3250 3.5 22.5 8.60 2.26 250
June 19 2950 14.5 17.3 8.30 2.19 259
June 27 500 20.0 22.3 8.30 2.02 253
July & 2450 12.5 22.5 8.60 2.63 268
July 7 o

July 10 2850 1.4 26.0 8.40 2,25 229
July 12 1000 0

July 16 2250 5.7

July 17 1300 0 25.6 8.70 2.12 254
July 19 3750 0

July 22 350 5.9

July 24 500 0o 25.5 8.50 2.30 216
July 26 1450 0

July 28 800 5.9

July 31 1300 2.3 23.5 8.40 2.42 264
Aug. 1 1650 0

Aug. & 1650 0

Aug. 7 650 0 22.6 8.40 2.24 264
Aug. 15 150 o 26.0 8.30 2.30 248
Aug. 21 1800 3.7 19.3 8.60 2.46 274
Aug. 27 1150 0o 23.0 8.40 2.43 258
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TABLE 32

PEDIASTRUM BORYANUM IN LAKE MANITOBA

1968 Coen./LL. % coen. Temp. pH Cond. Alk.
Date infected

July 3 1000 o 25.0 8.7 2.26 249
July S 0

July 8 0

July 10 1300 0 23.0 8.6 2.27 257
July 12 1.4

July 15 0

July 17 650 2.3 24.5 8.7 2.26 256
July 22 )

July 26 1000 1.6 246.0 8.6 2,30 252
July 26 0

Aug. 1 350 o 246.0 8.7 2.15 247
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cells. Tn 1966 it was mainly 0, crassa and 0. lacustris which were
attacked, the former to a maximum of 14.3% parasitized cells on July
20 and the latter to a maximum of 26.3% on July 15. 1In 1967, 0. crassa

was rarely attacked but as many as 47.97 of the Oocystis lacustris

cells were infected on July 26. 1In 1968, actack by C. deltanum was
generally quite low but maxima of 17.2Y of 0. crassa cells and 38.7%
of 0. lacustris cells f{nfected were recorded on July 29 and 24 res-

pectively. C. deltanum was never obgerved growing on Qocystis eremos-

phaeria, a species with very large cells, which occurred along with the

nther Oocvstis species in 1965, nor was it observed on Oocystis solf-

tarfa which was present with the four Oocvyatis species discussed above
in 1966, 1967 and 1968,

(6.342) Chytridium oocystidis

Chytridium ococystidis did not appear in the phytoplankton in

1965, Throaughout July, 1946, however, heavily infected coenobia of

Docvstis lacustris were not too nard to find., The percentage of cells

attacked ranged from 2 - 28% with the maximum occurring on July 13,
D. crassa was attacked at the same time but less than 17 of the cells
were affected. In 1967 the first C, oocystidis thallus was observed
on July 22. The fungus maintained itself in sparse numbers on 0,
lacustris for about a month. The maximum percentage of infected host
cells was 11.1% on July 31, Only isolated occurrences of the fungus
on 0. lacustris were noted in July, 1968, 1t was found on Oocystis
crassa only once in 1967 and no: at all in 1968. Heavily infected

coenobia of Oocystis submarina were observed on July 20, 1966, August

4, 1967 and July 24, 1968. Chytridium oocystidis was thus capable of

attacking Oocystis lacustris, 0. crassa and O. submarina. Nevertheless,
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attack on the latter two species ranged during the four summers from
very sparse to none at all and attack on 0. lacustris ranged from none
at all in 1965 to very sparse as in 1968, to a maximum of 287 cells
infected in 1966 and 11.17% in 1967.

(6.343) Interbiotic polyphagous chytrid

Since this chytrid attacked from one to four cells in a coeno-
biun the percentage of host coenobia attacked probably gives a better
indication cf fungus concentration than does percentage of penetrated
host cells. In 1965 the chytrid was not observed at all but in July,
1966, it appeared {n considerable numbers. 0. crassa was only very
slightly attacked, with a maximum on July 27 of 3.17 coenobia attacked.
As many as 8.6% of 0. lacustris coenobfa were attacked on July 15, The

heaviest attack, however, was on Oocystis parva. The maximum of 53.87

of coennbia infected was achieved -~n July 20, but the level of attack
was high throughout July. 1In 1967 only scattered occurrences of the
fungue were noted on 0. lacustris (July 19, August 7, 15 and 21) and
one infected coenobium of 0. parva was observed on August l. Again in

1968 Dscystis crassa was not attacked and agatn the occurrence on

Nocystis lacustris was sporadic. A maximum of 15.47 coenobia infected

was recorded for July 29. Infected coenobia of Q. parva were noted
only on July 26 and July 29.
(6.344) Lagenidium sp.
This fungus was most evident in the phytoplankton in 1965.

Tt attacked mostly Oocystis eremosphaeria, an alga which occurred in

very high concentrations that year and has seldom been observed since.

On July 18, 1965, it was not too difficult to find host cells with



empty roospore cysts or empty sporangia. The percentage of infection
was not estimated because immature sporangia inside host cells were
masked by the numerous chloroplasts of the host cytoplasm. Although
the parasitized cells were eventually killed, the parasite had litcle
effect on the host population. The alga was even more numerous on
July 25 but few fungus thalli could be found. By August 1 the host
population had begun to decline. My notes from that vear state that
many of the cells sampled from a remote corner of the bay on August 1

were infected but elsewhere there was little evidence of the fungus.

Qocvstis crassa was also occastonally attacked by this fungus in July,
1965, but the number of infected cells was exceedingly low. 1In subse-
quent yvears this fungus was practically never seen. On August &4, 1967

a dehisced sesrangium was noticed inside an Oocystis solitaria cell.

Similarly on July 22, 1968 several such cells were observed in the
phytoplankton, Vorstman in the discussion following Canter's paper

(1949) referred t» an endophytic parasite in Oocystis crassa and

Docvsris lacustris. This fungus, tentatively identified as Olpidium

entoohytum, reduced the number of Oocystis cells in a eutrophic lake

in Holland during the month of July. Possibly the Dutch fungus was

19

not an Qlpidium but a Lagenidium and possibly it was identical with the

fungus discussed above.

(6.345) Saprophyte on Oocystis crassa

In July, 1967, robust, dehisced sporangia were observed on

a few Oocystis crassa coenobia. The algal celis were very large and

the contents were granular and refractive in a way found only in co-

enobia containing this fungus. The chytrid probably did not cause
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the death of the algal cells since the germ tube did not always pene-

trate the cells. Even a healthy, growing 0. crassa population always
contained a certain proportion of dead cells. An infected coenobium
usually contained two sporangia but sometimes as many as nine were

sbserved. The fungus occurred sn a small percentage of Nocystis crassa

cocaobia from mid-July to mid-August, 1967. 1In 1968 it was found in
rire {nstances. This fungus was not observed on any other alza.
Tt is evident from the foregoing discussion that aquatic

funzl anpeared on Qocvstis species sumetime In July., Moreover Qocystis

cra3sa and Doevsgtis lacustris commonly sunported two or three chytrids

durins periods when they were suscentible at all. The pattern of
sccurrence was <different for each host species and varied from year to
vear,

(. 4Y Growth of Chyrridiun delranum on Dacvstis crassa and Nocystis
Tacustris

(A.%1Y Patterans >f Atttcc on Nocystis crassa

Tn reneral, chvirids aoncired on Nocvstis crassa at the time

2f the Moxt maxiaum., Ta 1955 rthere were 56 x 103 cells per litre on

11% yhen Chvrridium deltanum was first noted (Table 33, Per-

centave 5f infection was osrobably less than 5% at this time. Data is

13t available for alzal numbers on July 18 but Oocvystis crassa was

arobahly alknst as numerous as the nrevious week. Chytridium deltanum
thalll narasicized 28.67 of the host cells. During the next week the

host declined to 4000 cells per litre and the chytrid was observed on

only 157 of the cells. By August 8 only rare QOocystis crassa coenobia

were found {n Cadham Bay water.

In 1966, Qocystis crassa was attacked mainly by Chvtridium

* R.L. Lowther, unpublished.
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deltanum but also to a very slight extent by Chytridium ococystidis and

a polyphagous parasite. All three fungus species occurred at the same
time but the latter two lasted less than a month whereas Chytridium
deltanun lasted from the first week in July to the middle of August.
The host population counts were rather erratic but the population did
not appear to decline until the second week of August by which time

the chytrids had largely disappeared. The Oocystis crassa population

had increased from very few cells during the last week of June to a
maximun of approxi{imately 1100 cells per litre observed on July &4,
July 13 and August 1. By August 15 the ponulation had declined to 3
minimuea of 80 cells per lictre from which point it hegan to increase
azain (Tahle J4H,

During 1967 the appearance of chytrids on Qocystis crassa

was rare and cosisted mainly of the robust saprophyte (Table 35).

These fungl appeared in mid-July and reached a maximum on July 24-26
while cell niumbers were beginning to increase to the maximum of approxi-
matelw 1250 cells per litre observed on August 1. The algal nopulation
1ad tncreased from practically none in the last week of June to about
100 cells per litre on July & to a maximum on August 1. After this {t
declined to about 300 cells per litre by the end of August. The chytrid

occurrences, including practically no Chytridium deltanum, lasted about

a month from mid-July to mid-August.

In 1968 Chvtridium deltanum was again the most common chytrid

to be found on Oocvstis crassa (Table 36). The percentage of cells

attacked was, however, very low. During this year, the maximum per-
centage of infected cells occurred long after the host maximum of 930

cells per litre on July 12. Natuntil July 29 was the maximum of chytrid

203
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infection attained. This was 12.2% of the host cells but by August 1
this had declined to 0.9%.
(6.42) Patterns of Attack on Oocystis lacustris
With the exception of 1965, when the percentage of infection

was low, attack by Chytridium deltanum was more successful on Oocystis

lacustris than on O. crassa during any particular period of infection.
The rise and decline in percentage of host cells i{nfected was therefore
more dramatic on 0. lacustris and the almost bell shaped curve of per-
centage infected cells more obvious than the curve of percentage of 0.
crassa cells infected. Moreover, for both host species the curve for
percentage of infected cells showed a definite brief maximum even when
all three fungus parasites were considered together. The shape of the
curve suggested that there was a definite brief period of susceptibility
on the part of the host.

In 1966, the Oocystis lacustris maxi{mum occurred early in

July; S600 cells per litre were counted on July & (Table 34). Chytri-

dium oocystidis was present on Oocystis lacustris at the time of the

host maximum and it increased as the host population declined from 6%
of cells infected on July 6 to a maximum of 28% on July 13. Interes-

tingly, Chytridium deitanum seemed to suppress C. oocystidis. The

latter species declined to 7.4% and 2.1% of host cells infected on

July 15 and July 18 respectively, as Chytridium deltanum increased to

26.3% host cells infected en July 15 and 12.5% host cells infected on

July 18, Chytridium oocystidis increased again to 17% host cells

infected on July 20 as C. deltanum declined. Thereafter both fungi

rapidly disappeared from the plankton. The host population declined
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to about 120 cells per litre on August 15 and then began to rise again.

The polyphagous interbiotic chytrid was also occasionally observed on
Qocystis lacustris coenobia in mid-July. A maximum of 8.6% codnobia
infected or 10.5% cells i{nfected was observed on July 15. This fungus
too had disappeared by the first of Auguit.

In 1967 the Qocystis lacustris population remained almost
stationary during July and August despite a virulent attack by Chytri-
dium deltanum and, to a lesser extent, by C. ococystidis and the poly-
phagous chytrid (Table 35). The O. lacustris population would obviously
have had to be growing very quickly {n order to maintain its original
aumbers since each cell attacked by a chytrid inevitably died. No
chvtrids appeared on O. lacustris during the first two weeks of July
as the host population increased from 80 cells per litre on July 4 to
340 cells per litre on July 24, C. deltanum was fi{rst observed on
July 22 when 3.1% of the host cells were infected. No trace of this
chverid had been found three days earlier. On July 24, two days later,
42.1% of the O. lacustris cells supported fungus thalli{. The chytrid
maintained itself at approximately the same high level of infection
for four days during which time there was a slight decline in host cell
numbers. This decline continued even after the total percentage of
{afected cells had dropped under 107 by August 4. After fits maximum
on July 28 C. deltanum declined to 2.8% on August 7 and thereafter
disappeared. A few O. lacustris cells infected with C. cocystidis were
also occasionally observed in the last two weeks of July. The maximum

was 11.8% of host cells infected, observed on July 31 vwhen C. deltanum

had begun to decline.
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It is noteworthy that although O, crassa was rarely attacked

by Chytridium deltanum in 1967, Oocystis lacustris was attacked in epi-
demic proportion and a small number of Oocystis submarina cells were
also parasitized. Even more interesting is the fact that there was an

exceedingly virulent attack on Pectodictyon cubicum on July 24-28. The

virulence of the attack was probably promoted by the unusually high con-
centration of Pectodictyon coenobia, 90 per litre on July 24. This

coincidence of the fungus maxima on Oocystis lacustris and Pectodictyon

supports the view that {n both cases C. deltanum (s the chytrid involved.
Again, in 1968, C. deltanum appeared before the Oocystis
lacustris maximum of July 12 had been achieved (Table 36). The subse-
quent slow increase in percentage of host cells infected suggests that
the fungus was not responsible for the decline of the host population.
n July 22, 12.3% of the O, lacustris cells were infected by C. deltanum
.T% on July 24 and 33.3% on July 26. By August

and this {ncreased to 38

this chytrid had declined to 3.8%L. Chytridium ococystidis and the

polyphagous chytrid were also occasfonally observed to attack O.

lacustris cells during July. As {n 1967 the Pectodictyon cubicum

maximun of 110 coenobia per litre on July 26, coincided with the maxi-

=um of C, deltanum and 0. lacustris. Again coincident with these two

events was 3 heavy attack of what {s probably C. deltanum on Pecto-

dictvon.

(6.43) Summary of Patterns Observed

The nature of the chytrid attacks on Oocystis species can be

assessed as follows: Chytridium deltanum generally appears on Qocystis

crassa and Oocystis lacustris just before or at the time of the maxi-

mum (Figures 29, 30). The fungus rapidly blooms as the host population



FIGCURE 29

Oocystis crassa cells nmer litre {n che sumners of 1966, 1947

and 1968, MNote that day scale {n 1967 and 1968 {s twice thar
in 1966. The lowermost histogram (s percentage of cells (n-

fected by Chvrridium deltanum, the middle histogram {s per-

centage of cells {nfectad by C. oocystidis and the upnermost
histogram {a 1966 s mercantage of cells {nfected by the
polyphagous {aterbintic parasite but in 1967 is perceatage

of cells upon which the robust siprophyte was noted.



-

CELLS PER LITRE

$

1

- +

Mlhh‘& sgvsmell R gm!n

L 4 il

1 s

4 ) L ﬂ* b

JuLy



% CELLS INFECTED

AUGUST



FICURE 130

Oocvystis lacustris cells per litre !n 1966, 1967 and 1968. MNote

that day scale in 1967 and 1968 is rwice that in 1966, Ilowermost

histozram s percentage of cells {nfected by Chveridium deltanm

mlddle higrosra= (s percentage of cells {nfected by C. nocystidis
and uppermost histoasra=m {s percentage of cells infecred by nolv-

Phayous {nterblotice chyerid,
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aly
begins to decline. The host population continues its decline after

the fungus has disappeared and may begin to increase again near the
end of August. The fungus does not reappear. This pattern was evi-
dent in 1965 on Qocystis crassa. C. deltanum first appeared at the
time of the maximum, increased dramatfcally within a week while the
host population was still high, and then quickly daclined as the alga
declined. The cpidemic lasted about twenty days. In this {nstance
the host alga disappeared from the phytoplankton within three weeks
of the height of the epidemic. The disappearance of 0. crassa from
the phytoplankton was probably not primarily due to the chytrid which
declined even faster than the alga. Similarly, in 1958, €. deltanum
appeared on O. crassa before the maximum but {t did not increase until
the “ost was declining. The bloom of the chytrid again lasted about
twenty davs.

A similar pattern was disceraible on Oocystis lacustris in

1966, Chytridium deltanum appeared at the time of the maximum, The

fungus increased and declined within twelve days as the host population

bezan to decline., Oocystis lacustris conzi{nued to decline until the

ead of August. The chyrrid did not reappear although the alga was
present in the phytoplankton throughout the fall. 1In 1968 too, C.
deltanum appeared on the 0. lacustris population before the maximum.
The fungus slowly {ncreased as the alga declined. Within twenty days

C. deltanum could no longer be found on Oocystis lacustris coenobia,

—_—

The pattern of chytrid attack described above suggests that

Chytridium deltanum was able to appear first as the host population

approached {ts maximum and thus conditions less favourable to growth of

the alga. The host could possibly have maintained the maximum longer
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{f it were not for the onset of a chytrid epidemic which caused the
population to begin to decline slowly. Conditions which favoured the
chytrid were evidently of short duratfon and the fungus declined and
disappeared more rapidly than the alga. Possibly some environmental
factor was slightly above the optimum for the host alga at the time
of {ts maximum but optimal for the chytrid. This would allow the chy-
trid to multiply at the expense of the host population.

Twice Chytridius deltanum appeared to suppress host maxima.
Despite heavy chytrid attack the host population was able to maintain
fairly constant numbers. Such was the pattern of attack of C. deltanum

on Oocystis crassa in 1966 (Figure 29). The epiphytotic lasted 1k

months and declined as the alga finally began to decline. The chytrid

d{d not reappear although Qocystis crassa was present throughout the

fall and increased {n early October. Similarly, in 1967, the Oocystis
lacustris population declined but slightly despite a devastating epi-
demic which lasted about sixteen days. The host population did not
decline as the epidemic disappeared but remained stationary. In these
two instances it seems probable that conditions were favourable for the
alga but that some factor enabled the fungus to multiply faster than the
alga thereby creating an epidemic.

Chytridium deltanum {s clearly a parasite of Qocystis crassa

and O. lacustris. The healthy appearance of cells which bear zoospore
cysts, and the number of coenobia in which one cell is parasitized and

the other has just divided into daughter cells, support this conclusion.

The attack on Oocystis parva and QOocystis submarina is probably also

parasitic. Interestingly, the attack on Pectodictyon which has always
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been noted at the time of its maximum, also seems to be parasfitic. One

coenobium was observed in which one cell supported a developing spor-
angium while all the other cells of the coenobium were in the process
of dividing. The healthy appearance of cells attacked by zoospore

cysts of Chytridium oocystidis and the polyphagous chytrid suggest that

they are parasites as well. The fact that these chytrids attack host

populations simultaneously with the attack of Chytridium deltanum seems

to confirm this assumption.

(6.44) Evanescent Nature of Chytridium deltanum Epidemics

The evanescent nature of even the most virulent Chytridium
deltanum epidenics is perhaps their most obvious characteristic.
Examination of the change in the nature of the thalli composing the
fungus population as the epidemic progresses suggests a reason.

Canter (1948) found that {n the early stages of an epidemic encysted
roospores predominate. The period of active fungus multiplication
usually ends quite soon and its decline i{s recognized by a decrease in
the percentage of zoospore cysts while the percentage of sporangia
52111 hcreases. In the last stage empty sporangla are the most common
fungal stage. Resting spores may be found at any time during an epi-
demfc but their appearance most often corresponds with periods of high
fungal actlvity: In the Manitoba material the only epidemic i{n which
a fairly high percentage of cells was infected for a considerable

length of time was the 1966 Chytridium deltanum epidemic on Oocystis

crassa (Table 37, Pigure 31). The progress of the epidemic appeared
to be cyclical with an increase in the percentage of germinated zoo-
spore cysts in the fungus population approximately every seven days.

The increase in percentage of developing sporangia was generally the
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PROGRESS OF EPIDEMICS AND COMPOSITION OF CMYTRIDIUM DELTANUM POPULATION
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opposite of the encysted zoospore cycle. Dehisced sporangia remafned

at a relatively high level, from 50-80% of the population. The short
lived maximum which generally occurs when C, deltanum attacks an
Oocystis species seems to result from the inabilfty of zoospores to
encyst on the host coenobia or of the germ tube to penetrate the cells
after the first {nitial burst of infection. On July 11, 1966, 65.5%

of the Chytridium deltanum thalli on Oocystis lacustris consisted of

germinated zoospore cysts. Four days later this had declined to 28.2%
and by July 18 {t was 4.3%. The germination tubes of encysted zoospores
were not attracted to the host cells on July 15 since they grew in a
vavy random manner in the coenobium and went no where near the host
cells. Moreover zoospores did not encyst on the host cells even though
healthy zoospores were present (n the water, as {s evident from the
successful attack of zoospores on O. crassa at the same time. Similarly
fn 1967 the percentage of germinated zoospore cysts on 0. lacustris
steadily declined from a maximum of 72,6% on July 24 to 11.9% on
August 1. Thesc observations seem to confirm Canter's suggestion (1948)
that, under unfavourable conditions, zoospores which have already set-
tled on hoat cells are able to continue their development into sporangia.
Zoospores of the next generation, however, are unable to infect further
cells. Thus it seems to be encystment and penetration of host cells
which are most susceptible to unfavourable conditions.

Resting spore production seemed to vary from host to host.
In 1965, a considerable number of resting spores were produced in

Oocystis crassa. That the female gametangium attracted the male was

suggested by the frequent occurrence of triplets or even larger clumps

of gametangia. In 1966, however, resting spores were observed {nside
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0, sraspa cells only on July 13. Whenever Qocystis lacustris was
attacked by C. deltanum, {t wad always possible to find a small pro-
portion of cells containing resting spores. Clusters or triplets of
gametangia rather than pairs were also occasionally found on O. lacust-
ris coenobia in 1966 and 1967. The alga which appeared to contain the
highest proportion of C. deltanum resting spores was 0. submarina. They

were almost as common as the sporangia which were not as easy to spot.

Cask (1963) reported a simflar situation with Mitochytridium. He found

marked differences in the frequency with which resting spores were
formed {n different hosts.
One {nteresting facet of the 1965 C. deltanum epidemic on

Jocystis crassa was the slight declline {n percentage of infected cells

from the north shore of the bay to the south shore {Table 38, Figure 32).
At the same time, there was a dramatic decline in the percentage of
germinated zoospore cysts in the fungus nopulation from north to south
1ad an f{averse bYut aot so dramatic decline i{n percentage of developing
sporaagia froe north to south. The percentage of resting spores was
higher on the south shore and the percentage of gametangia was lower.

All this suggests that the epidemic on the north side of the bay was

not quite as advanced as thar on the south side although the percentage
of i{nfections was slightly higher on the north side.

(6.45) Factors Which Favour the Onset of an Epidemic

What does in fact trigger the onset of an epidemic on a
narticular host species? Lund (1957) suggested that ready availability
of host cells might be part of the answer. He pointed out, however,
that an apnarent drastic increase in percent cells infected might be

misleading {f all the attacked cells were in a relatively small
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percentage of colonies. The fungus with which he wvas dealing, however,
dispersed {tself more cffectively than he would have assumed likely,

An epidemic of Rhizophidium planktonicum on Asterionella was produced

primarily by the infection of one colony from another. TIntracolonial

fnfection played a subordinate role. Chytridium deltanum too seemed

to disperse its attack very effectively. Percentage of infected
coenobia was alwayvs higher than percent {nfected cells although the
two curves were simflar.

Lund (1957) states, after nine years of study on Rhizophidfum

epidenics of Asterionella, that "{¢ (g {mpossible to suggest what

causes the rate of growth of the fungus to increase suddenly and inter-
mittently. The change might be related to (the host), the fungus it-
self, or the enviromment.”" On the other hand, a comparison of the

artack of Chvtridiuz deltanum on Oocystis lacustris and Oocvsctis crassa

vields some {nteresting clues. The data from 1966, 1967 and 1968 sug-

zest that the occurrence of Oocvstis lacustris is not correlated with

temperature nor {s that of Oocystis crassa. Nevertheless, the sus-

ceptibility of Qocystis lacustris to chytrid infection i{s strongly

correlated with temperature (Figure 33). The range in which infection
occurred (mostly C. deltanum) was 20-26 C but most infection was noted

fa the range 22-26 €. Similarly, for Oocvstis crassa total percentage

infect{on was strongly correlated with temperature (Figure 33). The
range in which chytrid i{nfections were noted was 17-26 C, but most
infections occurred in the range 20-26 C.

Chytridium deltanum appeared in the phytoplankton of Lake

Manitoba three weeks later in 1967 than in 1966. This phenomenon
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seemed to be connected with temperature. 1In 1966, the temperature of

Lake Manitoba water (at the point of sampling) reached 25 C about

June 23. Within four days zoospores of C, deltanum appeared on

Oocystis crapssg. On June 27, 1.1% of O, crassa cells were infected.

In 1967, the water at the point of sampling reached 25 C about July 15

and C, deltanum appeared a week later on Oocystis lacustris. On

July 22, 3.1% of the cells were infected. In 1968, the temperature

of the water was 25 C on July 5 and 2 low incidence of C. deltanum was

noted throughout the month while the temperature varied from 23-24.5 C.
Zoospores of C. deltanum seem to be able to encyst in large

numbers and grow on Qocystis crassa cells at temperatures ranging

from 20-25 C. They seem able to encyst in large numbers on Oocystis

lacustris only when the temperature i{s above 25 C. It i{s therefore

evident that the character of the host and the fungus interact to

determine whether there will be an epidemic or not. The 1965 data are

interesting in that the temperature of the water in Cadham Bay appeared

to hover around 20 C* throughout July. Possibly the very high host cell

concentration rather than temperature triggered the onset of the epi-

demic. The preceding discussion may furnish clues as to why C. deltanum

epidenics were able to occur but does not suggest any reasons for the

failures of the fungus to attack Oocystis crassa in 1967.

* J. Walker, unpublished data.



CHAPTER 7
DISCUSSION

The central aim of this study was to estimate the importance
of parasitic fungi to phytoplankton in the Delta area. The investi-
gations took the form of a survey of chytrids and algae present, ex-
tensive ecolegical studies, and a few preliminary physiological experi-
ments.

Of all the algal groups in the Delta area, diatoms and the
gRreen algae seemed most prone to fungus attack. Sporangia were occas-
{onally noted on very sparse and unidentifi{ed dilatoms in many bays
from the marsh. Bacause of the scarcity of the host cells none of
these fungus occurrences on diatoms have been mentioned in the body of
the thesis. Blooms of such algae as Euglena. Ceratium hirudinellg and

Eudorina elegans occasionally occurred in small ponds in the Delta area.

Chytrid attacks on these algae have many times been documented
(e.g. Canter, 1946). With the exception of one epidemic on Budorina
elegans, however, no chytrids were obgderved on these algae in the Delta
area.

Eighteen fungus species were reported growing on planktonic
algae and three species on Spirogyra, a common filamentous alga. Most
of these fungi{ belong to the order Chytridiales. Chytrids on Chro-

ococcus tufgidus, Microcystis aeruginosa and Qocystis crassa were not

fdentified. Phlyctidium bumilleriae was described on a new host,
adwW
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Staurastrum spp.; Phlyctidium scenedesmi was observed on a new host

Pediastrum boryanum and the previously recorded host, Scenedesmus

quadricauda, as well. This is the first time this fungus has been
reported from North America. Phlyctidium cornutum, described on a
new Anabaena species, was transferred from the genus Chytridium and

was reported for the first time from North America. Rhizophydium

couchii{ was described on a new host, Pedfastrum duplex varieties;

Rhigzophyd{um contractophilum was reported from North America for the

first time and R. schroeter{ was described on a new host Diatoma
elongatum. What is probably a new Rhizosiphon species was described

on Anabaena flos-aquae. Other {inoperculate chytrids observed {n-

cluded a2 Rhizophydium hyperparasite on C. deltanum; Dangeardia mam-

millata, Phlyctochytrium hallii and an interbiotic parasite, possibly

a nev genus, on Oocystis lacustris, 0. parva and 0. crassa. Among

the operculate chytrids Chytridium oocystidis was reported on the

known host species O. lacustris and on a new one O, crassa. Chytridium

marylandicum was reported on Botryococcus and resting spores, previously

unreported, may have been observed on one occasion. Chytridium deltanum,

crassa, 0. lacustris, O. submarina,

a new species, was described on O.

and possibly on Pectodictyon cubicum. A saprophyte, not previously

described on Botryococcus might be a new species. Three members of

the order Lagenidiales were observed. Lagenidium rabenhorstii is well

known on Spirogyra. The species found in Oocystis spp, is certainly

new but positive identification cannot be made until the zoospores are
seen. A fungus similar to Achlyogeton entophytum was observed to have
laterally biflagellate secondary zoospores. Possibly the genus should

be transferred to the Lagenidiales. This fungus has not previously



been reported in Spirogyra.

As recently as last year, Miller (1968) stated that he was
unawvare of any generally acceptable criterion to measure parasitism
of chytrids on algae. How, he inquired, does one determine whether
the algal cell was healthy, moribund or dead at the time of zoospore
encystment. The present study has shown, as did the study of Canter
and lund (1948), that ecological data provide a very acceptable method
of deternining the nature of the host-fungus relationship. Chytrid
attack on a rapidly growing host population i{s unquestionably para-
sitic i{n nature. Exploitation of a host population which is about to
decline {s also parasitic, particularly when the fungus blooms and
disappears at a rate different from the decline of the alga. In this
case the appearance of the fungus {s definftely not a function of an
increasing concentration of moribund cells in the population. Ecolo-

gical data suggested that the attack of Rhizophydium couchii on

Pedigstrum duplex var. clathratum was saprophytic, The fact that, in
culture, the fungus grew on steam-killed P. duplex var. clathratum
but not on live materfal, showed that this was indeed the case.

The instances of chytrid parasitism of algal populations
brought to light some interesting fungus-alga interactions not pre-
viously elucidated. The instances of differential attack on different
host growth forms, varieties or species, were particularly interesting.
That this pattern was observed at all was remarkable since most chytrid
parasites in nature have generally been observed to attack only one
species (Sparrow, 1960). Lack of host specificity would be expected
in weak or facultative chytrid parasites but to find {t in a virulent

parasite such as Phlyctidium scenedesmi was more surprising. This
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fungus attacked two different genera from different families in the

order Chlorococcales. Examination of the growth curves of these two
populations, however, suggested that these two algae had similar
ecological requirements and thus parasitic attack by the same fungus
was probable. The pattern of attack by Phlyctidium bumilleriae on

Staurastrum pinque was full of paradoxes. This fungus attacked one

growth form much more severely than the other, whether the susceptible
form was more common or less common than the more resistant form.

This meant that even when conditions favoured the susceptible form, it
was still more heavily parasitized than the resistant form. The growth
requirements of the two facies seemed very similar since they achieved
their maxima and declined simultaneously. They may have been geneti-
cally identical too, since transition stages in which one semicell had
three processes and the other four, were common. Moreover, the fungus
showed an ability to attack a broad range of Staurastrum species in

the lLake Manitoba phytoplankton.

Such patterns could result from an {nteraction of varying
susceptibilicies of the several host growth forms or varieties or
species with varying environmental condi{tions and the varying vitality
of the fungus wvith these sane envirommental conditions. That the
situation could be infinitely more complicated is itllustrated by the
studies of GCromov and Mamkaeva (1969) on the sensitivity of Scenedesmus
strains to the endoparasitic microorganism Amoeboaphelidium. They
isolated four strains of A. protococcarum and tested their pathogeni-
city on a wide range of Scenedesmus species and on many i{solates of
the same morphological species {solated from a local pond. They

found that the abilities of the four strains of pathogen differed
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{n their ability to infect the various isolates. They also found,

however, that host sensitivity was a genetically stable character.
Moreover, even in the local population of one morphological species,
s everal physiological races were found. Some were susceptible to all
pathogen strains, others only to some or none of the strains. Thus
cultural studies were essential in the elucidation of these problems.
A study such as the present one raises some of the questions. Inten-
sive study of algal and fungus cultures will probably answer many of
those questions.

Although a particular chytrid sometimes successfully infected
a high proportion of host cells, the ultimate effect on the host popu-
lation was seldom very great. In only one instance, the 1965 Chytridium

deltanum epidemic on Oocystis crassa, did the occurrence of a fungus

even coincide with the total disappearance of the host from the phyto-

plankton. The virulent attack of Phlyctidium scenedesmi on Pediastrum

boryanum and Scenedesnus quadricauda in 1966 probably caused the sub-

sequent fall in numbers, but the populations lingered in the phyto-
plankton long after the chytrid had practically disappeared. This
fungus appeared only in low numbers {n the succeeding two summers and
its effect on the host was obviously small during these periods. The

attack of Rhizophyd{um schroeteri on Diatoma elongatum was always at

a low level and thus probably unimportant. The percentage of &4-

radiate Staurastrum pinque cells infected reached a maximum of 20.7%

in 1966 and 26.5% in 1968, yet the curve for population numbers dif-
fered little from that of the 3-radiate form which was attacked only

at a very low level. Chytrid infection of Oocystis lacustris in 1966

coincided with a slight decline in host numbers but the fungi soon
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disappeared and the algal population after a period of low numbers re-

covered to near {its former level by early October. A virulent attack
by Chytridium deltanum on Oocystis lacustris in 1967 seemed to have no
effect on the host population. Algal numbers remained stationary.
This situation could only result {f the alga was growing quickly and
infected coenobia were replaced by healthy coenocbia as quickly as the
former sank from the epilimnion. The July, 1968, results with O.
lacustris appeared to resemble the 1967 results. The saprophytes

Rhizophydium couchii and Chytridium marylandicum could not be expected

to have an effect on the host population since they attacked only non-
living organic material.

C.uanges observed in the composition of the fungus populations
with time suggest two interesting points heretofore unknown. Pirstly,
the fungus populations seem in some cases to develop fairly synchronously.
This was noted {n the Chytridius deltanum epidemic on QocysCis crassa
in 1966, on 0. lacustris in 1967 and the Chytridium marylandicum bloom

on Botryococcus braunii in 1968. The dramatic increase of percentage

germinated zoospore cysts in the fungus population suggest a nearly
synchronous release of zoospores every few days. From such a cyclical
release can be deduced the length of time which the asexual cycle takes
to develop in nature. Secondly, the data suggest that only when the
percentage of zoospore cysts is high, or only when a high percentage
of zoospore cysts keeps reappearing on the host population, are con-
ditions favourable to growth of the fungus. The data from the Chytri-

dium deltanum epidemic on O. lacustris in 1967 suggest that a period of

two days favourable to chytrid encystment and germination may be suf-

ficient to produce a brief but devastating epidemic. The range of
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conditions favourable to chytrid parasites would thus appear to be

very narrow. A decline in the percentage of host cells bearing en-
cysted zoospores does not necessarily mean that there are fewer viable
goospores in the water. It just means that they are unable to encyst
on and penetrate that particular host. Canter and Lund (1948) had
suggested that the decline of an epidemic resulted from a decline in
the number of viable zoospores but the present study suggests that
this {s not always the case. In view of the present findings there
may be little value from the point of view of chytrid tolerances in
consider{ng the environmental conditfons which obtain during the course
of an epidemic. Many years of study would be necessary, however, to
gret a1 usable quantity of data on the conditfons prevalent at the time
of massive zoospore encystment.

Lund (1957) discussed possible sources of the {noculum
necessary to produce the sudden heavy attack of a chytrid on an algal
population. Resting spores could provide an {nirial inoculum but he
felt that fn the case of Rhizophydium planktonicum the resting spores
wvere produced in such sparse numbers that an infection of epidemic
proportions could arise oaly through the gradual building up of the
population by means of several asexual generations. He maintained that
it would take several weeks for this to occur. Alternatively, he sug-
gested that the fungus was always present, at lease in sparse numbers,
on the host population. Presumably, the fungus was able to make con-

tact with more potential host cells as the host population increased.

A similar dilemma is apparent in the case of Chytridium del-
tanum. Yn 1967 the fungus was not observed on any alga or on any

detritus in the phytoplankton as late as July 20. Nevertheless, by
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July 22 it had attacked 3.1% of QOocystis lgcustris cells in a host

population of approximately 110 cells per litre clumped into 45 coeno-
bia per litre. Two days later, 42.17 of the 340 host cells per litre
had succumbed to the fungus attack. This dramatic appearance of the
fungus probably cannot be blamed on residual infection in the phyto-
plankton since careful searching failed to discover any. Resting
spore production in C. deltanum is admittedly very sparse but germi-
nation of resting spores seems to be the only possible source of ino-
culum. All that can be said with certainty is that the inoculum,
whatever its source, appears very rapidly and in heavy concentrations.

The Chytridium deltanum data suggest that the narrow range

of conditions favouring encystmeant on one host population may differ
considerably from the conditions favouring attack on another host.
Both in 1966 and 1967, C. deltanum did not appear in the phytoplankton
until the water temperature had reached 25 C. Once {n the phytoplank-
ton, however, the ability of the zoospores to encyst varied with the
host and varied from year to year. The data gave no hints vhy this was
so. 1t was noticed that late in the course of an epidemic, encysted
zoospores were occasionally seen wvhose germ tubes were very long and
wavy but which did not grow towards the host cells. It is well known
(Fogg and Westlake, 1955) that healthy algal cells of all kinds
liberate organic substances into the water. It is possible there is
some form of chemical attraction of the zoospores to healthy coenobia
and that this is lost if the host becomes very senescent. Cultural

experiments did not explain why several Qocystis varieties manifested

different susceptibilities. The growth requirements of Oocystis crassa,

0. lacustris and O. submarina, appeared in fact, to be quite similar.
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The factors determining susceptibility to a certain fungus were pro-

bably small, physiological differences beyond the scope of the tests
carried out. Another unsolved question posed by the Oocystis data

was the simultaneous but less severe attack by other chytrid species

on the same host population. This phenomenon suggested that the host
populations might have been slighly senescent and thus more susceptible
to attack. The question then arose as to the resistance of Oocystis

crassa to Chytridium deltanum {n 1967 at a time when it was slightly

susceptible to attack by other chytrids. This was, moreover, a period

of heavy attack on Oocystis lacustris so there was no shortage of viable

zoospores in the water.

The ecological data pointed to the surprising, yet inescapable,
conclusion that the parasitic chytrids had very little effect on the
phytoplankton as a whole. In 1.ake Manitoba, of the vast array of species
present on any one date, it was the greens, occurring in low numbers,
which succumbed to attack. In School Bay it was the dominant plankters ‘
wvhich supported blooms of chytrids but the heavy growths of Spirogyra
seldom showed evidences of chytrid infection, even when the alga was
moribund. In Cadham Bay, except in 1965, and in the marsh in general,
chytrids were rarely seen and their {mportance was negligible. The
blue-green algae, the usual mid and late summer dominants, were con-
spicuously free of chytrids.

The present study was also intended to elucidate some of the
causes of the fungus epidemics observed. Comparison of biological and
environmental data suggested that temperature was important in the
appearance of Chytridium deltanum in the phytoplankton. Both in 1966

and 1967 the fungus was observed only after the temperature of the
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water had reached 25 C. Once the fungus had appeared it was observed to

attack Oocystis lacustris within the range of 20-26 C but most of the in-
fection occurred in the range 22-26 C. Interestingly, the temperature
optimum for O. lacustris was found in preliminary physiological experi-
ments to be 20-22 C. Thus the fungus attacked at optimal and supra-
optimal temperatures. Similarly the range {n which chytrid infections on
0. crassa occurred was 17-26 C but the majority of infections occurred
in the range 20-26 C. The temperature optimum for O. crassa was found
in a preliminary physiological experiment to be 20 C. Thus, in this
case too, the fungus most frequently attacked the host population at supra-
optimal temperatures. Presumably it is resting spores from the pre-
vious summer which provide the inoculum for the July epidemics. It is
possible that the water must reach 25 C before these are able to ger-
minate. Temperatures close to 25 C appear to be important for heavy ‘
zoospore encystment both on O. lacustris and on O. crassa but the fungus
can complete its development at much lower temperatures once host cells
have been successfully penetrated.

Chytridium deltanum was the only parasitic fungus at Delta
whose appearance could be correlated with any of the environmental
factors tested. Fott (1967) had attributed che virulent attack of

Phlyclidium scenedesmi on Scenedesmus quadricauda to cold rainy

weather but no such correlation with temperature was observed in the
attacks of this fungus on Pediastrum boryanum and S. quadricauda at
Delta. Nor were there any obvious correlations with envirommental

conditions in the appearances of Rhizophydium schroeteri on Diatoma

elongatum or Phlyctidium bumilleriae on Staurastrum pinque.
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Not only parasites but also saprophyte blooms were observed

to exhibit periodfcity in the Delta waters. In culture experiments

Rhizophydium couchii grew best on dead Pediastrum duplex var. clath-

ratum in the temperature range 22-30 C and at pH 8. 1In Lake Manitoba
this fungus was never observed until the temperature had reached 22 C.
The pH levels observed in nature during blooms of this fungus were,
however, far higher than the organism was able to withstand in culture.
Thus temperature appeared to axert a determining effect on the appear-
ance of the fungus but the importance of pH was less obvious.

Chytridius marylandicum was a saprophyte wvhich bloomed in

heavy numbers on Botrvococcus braunii coenobia at times when conditions

were optimal for the alga. Statistical analysis of the data revealed .
correlations of both alga and fungus with temperature and conductivity.
In addition the occurrenes of the fungus was strongly correlated with ‘
high concentrations of algal coenobia.

It is evident therefore that temperature is often an important
factor in the appearance of chyerid parasites and saprophytes. Unfor-
tunately there are many instances of fungus blooms when no determining
factor can be discerned. Many more studies over long periods of time
are needed to unmask what is probably a complex maze of determining
factors.

Bcological and physiological studies on chytrids parasitic
on algae have thus far been largely neglected possibly in part because
they lack economic significance. This situation may change in the
future if mass cultures of algae become economically worthwhile. Fott

(1967) pointe out that Phlyctidium scenedesmi produced a considerable
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crop decrease in mass cultures of Scenedesmus quadricauda in Czecho-

slovakia. The epidemic was 80 severe that the plant was closed down
for two weeks in order to clean and disinfect the cascade platform.
These measures were {neffective, however, sfince the resting spores
remained viable even when treated with strong disinfectant. Fott sug-
gested that very dilute concentratfons of heavy metals or fungicides
might kill the delicate naked zoospores but leave the alga unharmed.
Other studies might be {nitfated to find culture media which favour
grasth of the alga but not of the fungus. Thus the day seems to be
approaching when considerable interest will develop in studies such
as this one which document the occurrence of parasitic chytrids, the
course of their attack on algal populations and factors which contri-

bute to virulent epidemics.



APPENDIX O 2374,
ACAR MEDIA RECIPES

YpSs (Yeast-starch) - pouderéd yeast estract, 4 g; soluble
starch, 15 g; RoHPO,, 1 g3 MgS04.7H,0 , 0.5 g;
per litre

T¢ (Tryptone-glucose) - powdered tryptone 10 g ; glucose
10 g; per litre

YpD (Yeast-dextrose) - powdered yeast extract, & g ; dex-
trose, 20 g ; KoHPO, , 1 g; MgS0,.7H20 , 0.5 g;
per litre

Nutrient - beef extract, 3 g ; peptone, 5 g; per litre

Lima bean - lims bean infusion 62.5 g per litre

Malt extract - 30 g per litre °

Lactose mineral - KNO, , 1.05 g; KH2PO4 , 0.525 g; MgsSoO, ,
0.225 g; agar, 2 g; per 300 ml

Prune - prunes, infusion from 36 g per litre ‘
Corn meal - corn meal infusion 50 g per litre

PG (peptone-glucose) - peptone , 10 g ; glucose 10 g ;
per litre

PDA (potato-dextrose-agar) - potatoes, i{nfusion from, 200 g ;
dextrose 20 g ; per litre

Bean pod - green string beans, infusion from, 20 g per litre

Oatmeal - oatmeal, 60 g ; agsr 12.5 g per litre

Czapek - sucrose 30 g ; NaNO3 , 2 8 ; KsﬂPOQ 1 g ; MgS04.7H0
0.5 g ; KC1 , 0.5 g ; FeSO,4 , O. 1l g; per litre
Cantino PGY’(pepcone-yeaac-glucose) - peptone , 1.25 g ;

yeast estract , 1.25 g; glucose, 3.0 g; per litre

15 g agar were added to each recipe unless otherwise
indicated
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1966

COMPOSITION OF PHYTOPLANKTON, ESTIMATED gy
. [ ——

Diatoma elongatum

D. elongatum var.
tenue

Fragilaria construens
var. binodis
F. crotonensis
Hantzschia sp.
Synedra actinastroides
Asterionella formosa
Rhizosolenta eriensis
Neidium dubium var.
constrictum

Synedra ulna
Synedra acus

Synedra pulchella
Nitsschia sp.

Surirella sp.
Cymbella sp.
Anoneomeis sp.
Navicula sp.
Chaetoceros elmorei

Cyclotella memeghiniana
Amphiprora alata

A. ornata

Cymatopleura sp.
Pleurosigma sp.
Stephanodiscus sp.
Diploneis sp.

Lyngbya limnetica
L. contorta

Spirulina laxissima
blue-green filament
Aphani zomenon sp.

Anabaena flos-aquae

Gomphosphaeria lacustris

Jare. cmcta

G. aponina var. cordi -
formis

Aphanocapsa elachista

A. elachista var.
planctonica

May 16
168300
39850
78450
1650

1650

21150

1650
27750

9800
4900
1650
1950

26150
8150

37600
3250

4900
6550

May 264
129100
5900
555500
3900

650

4550

650
13750

1950
7850
1950

650
5250
1300

5250
2600

May 30
275800
5250
56200
3250

1300

2600
650
4550
4550
650

650
650
650
650
3750
1950
1300
9150

1300

1300
3250

June 6
109800
5900
96750
650

650

3900
650

6550
650

11100
1950

650

10450

3250
3250

195

1700
65

104!
6!

13(

39(

6!
6!



ED[BY COUNTS OF DISCRETE UNITS IN SIX WHIPPLE GRIDS IN EACH OF TEN SEDGW]
June 13 June 20 June 27 July 4 July 6. July 8 July 11 J¢
52300 44950 20833 12750 650 1000 1300

1300 1000
36600 39200 38550 74500 84000 3100 17150
1300 1000 350 150 650
1950
4550 3250 650 1000 350 150 150
1000
650
1950 1650 1000 2950 350 1150 2800
650 150
: 1950 350 1150 1150
17000 1650 650 10800 1000 = 2800 12400
350 350 1000
650 1000 150
350 3250 1000 650
2600 10450 8800 350 2100
6850 1450 150
650 150
10450 16350 22900 73550 . 42500 22050 39700
650 2300 1650 7850 3600 1950 2600
650 12750 350 2600 3450
3600 23550 3750 9000 15700
1300 350 2600 500 800
3900 13050 8150 41200 3900 6850 7700 .
650 1000 1650 1000 150 2450
650 1950 3250 2950 1300 650 1150

650 2300 2600 6850 1650 1150 1800



K-RAFTER MOUNTS

y 13
150

3800

2100
350
150

2650

150

150

650
1350
2800
2950
6850

150

800
5400

2300

1000
2300

July 15

1150
150
150

650
500
1150
1450

650

39700
3600
3100

10150

350

22550

5250

1300

800
1650

July 20
150

800
150

350

800
500
2300
350

150
350

52300

4400

3600
18150
1800
10450
9150

1650

1650
1300

July 27

32850
150

500

150
1000

800

57500

2300
1300
5700

9650
7050

1450

1800
4250

38050

- 350

800
11000
350
2100
150

150
198700
7700
3100
8800

4750
6050

1000

800
3600

a3

Aug. 8 Aug. 15 Aug. 22

37600
150

650 .

500
150
650
2800

150

350

150

500
59950
2950
2100
1800
350
150
2950

1950

1450
2100

800
150

- 800
150

150

30400
2100
2100

500
800

1800
500

800
2600

150
150

15700 -

150 .
1300
150

500 -

150
1000 .

150 -
350
350

150
50650
3600
1800
3450
800

7350
150

1000
2450
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Aphanocapsa elachista
var. conferta

A, elachista var.
delicatissima
A. pulchra
Aphanothece nidulans
Chroococcus turgidus
C. limneticus var.
subsalsus
C. limmeticus var.
carneus
Merismopedia punctata
M. minute
M. glauca
Microcystis ma jor
Gleothece sp.
Gleocapsa sp.

Microcystis aeruginosa
Anabaena sp.

blue-green colonial
blue-green filaments
Eudorina elegans
Dinobryon sociale
Ceratium hirudinella
Peredinium sp.
Clenodinium gquadridens
Glenodinium sp.
Rhizochrysis limmetica
Phacus brevicauda

Dictyosphaerium v
pulchellum

D. ehrenbergianum
Pediastrum boryanum
P. duplex var.
reticulatum
_P_o leex var.
clathratum
P. kawraiskyi
Tetraedron minimum

Stayrastrum muticum

May 16
9800
8150

6550
1650

3250

4900

21250

3250

May 24
1300

3500

1300
2600
650

650

1300

1300

650
3250

1300

May 30
1950

2600
1950
1950
1300
1300

650

650

3900

4600

650
3250

June 6 June 13

1300

650

650
2600
1300 -

650

1300

5250

3250

4250

1300
1300

1300
1300

1300
1950

650

650

6550

650

2600

650
1300
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June 20 June 27 July 4

1300
2600

1300
1300

1300
350

350

350
2300

350
650

4250

3900
350
1000
1000
350

650

3250
2600

1300

650

650

350

2600
350
3600
1950
350

350

1950
6850

1000
1950

4900

1000
2950
1950

16650
1000
4900
1950
1000

1000

July 6

1000
4250
1000
350
350
650

350

350
650
350

4250
350
1650
650
1000

650

July 8

500
2800

500
1300

500

500
500
800

1650
1150
800
800

500
150

July 11

1000
4250

1300
1800

800
350

650
350
150
350

4400
350
2300
1300
150

350

“Ju

ly
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13 July 15  July 20 July 27 Aug. 1 Aug. 8 Aug. 15 Aug. 22
1000 650 1150 650 2300 1800 5000 - 1300
3600 3750 4400 4600 6200 3450 1800 5050
1000 1800 1000 1950 2600 1300 500 2100
1800 800 1000 1450 1650 650 650 1150
800 's00 . 500 350 800 650
650 1000 650 1300 ~ 1300° 1000 500 1150
650 | 350 800 350 150 650
150 150 150 150 150 150 150
800 500 350 650 650 650 350 350
350 350 1000 650 1800 1000 500 1950
350 500 650 2450 1650 1150 150 1000
, 650 150 150
150 150 150
150 650 150 350 |
500 500 1150 150 500
150 500 350 350 500
500 350
150 1150 500 350 650 150 1150 150
800 150 350 500
3600 2500 4250 2950 1950 800 150 1450
150 150 150 650 800 350
2100 1000 1150 1300 2100 1450 2800
1650 1000 650 500 500 350 500
350 1000 500 150
1150 350 500 150 500
150
150 350 150
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Staurastrum pinque
3-radiate

S. pin
( 4-radiate )

Staurastrum 8p.
Staurastrum 8Sp.
Binuclearia eriensis

i
n
B

solitaria
enedesmus quadri-
cauda

@iololol

. longus

obliquus
a

mlmlmlmlm
[ ) [ ] [ ]
OE

=3
pt
()

F‘g
[

-]

Crucigenia quadrata
Actinastrum gracillum
Ankistrodesmus falcatus
Coe]Lastrun microggnn
Kirchmeriella sp.
K. obesa
Tetrastrum stauro-
geniaeforme
Botryococcus braunii
green colonial
Closterium gracile var.
elongatum
Cosmarium sp.
Cosmarium sp.
Cosmarium sp.
Scenedesmus abundans var.
brevicauda
green filament
green filament
Pectodictyon cubicum
Dimorphococcus ;_mgt_u_g
Cosmarium sSp.
Selenastrum westii

May 16

1650
6550

1650
1650

9800

1650

4900
4900

1650

May 24

1950

5900
1300
650

1300
3900

1950
650

650
650

650
2600

650

1950

May 30

650
4600
1300

650
2600

1300
1300

1300

2600
650

650

650
1300

June 6
650

1950

1300

1300

3900

650
650

650
1950

650
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e 13 June 20 June 27 Jul

1300 3250
1000
2950 3250
650 650
1950 1000
650
350
1300 1950
eso 638
650
350
650
1000
350
1950 650
3600

2600
1300

3900
1300

1300
1300

1000

350

350
650

350

350

650

350

2600

850
1000
1000
3900
3900
1950
1000

1000
1000

1000

1000
1950

1000
1000
1000

7850
1000

4

July 6

350
350
2300
1000
350
350
1000

350

650

350

650
350

ool

150

650
150

350

150
650

800
500

150

350
150

350
1450
150

ul
00

1000

500
650
800
150
150
150
1150

150

150

500
150

3100

Ju!
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y 13
3100

1000
150
500

1950
500
150

150
650

150

800

350

1000
500

150

650
3100
150

500

July 15
2450

350
500
500
650
500
500

150
150

150
150

1000
150

350
2800
500

150

July20 July 27 Aug.

2300
1000

1000

150
500
150
150

650

350

150

800
500

150

650
1650

1150
650
150
500
1650
150
350
150

150

150
350
150
150

1000
150

150
2100

150

1 Aug. 8
650 350
350 150
150

1450 800
650 350

1000 350
350 350

1000 500
350

150
150 150
150
150
350
150
800 650
650 350
150
150
350 350

5550 2300

150 150

Aug. 15 Aug.
350

150
500

150

150

150

650
650

22
1000

150

650

500
350

150
500
150

800
500

150

1650
800

150

500
800
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COMPOSITION OF PHYTOPLANKTON,

ESTIMATEI

—

May 15

Diatoma elongatum
D. elongatum var.

tenue
Fragilaria construens
var. binodis
F. crotonensis
Hantzschia sp.
Synedra actinastroides
Asterionella formosa
Rhizosolenia eriensis
Neidium dubium var.
constrictum
mgra ulna
ra acus
Synedra pulchella
Nitzschia sp.
Surirella sp.
Cymbella sp.
Anoneomeis sp.
Navicula sp.
Chaetoceros elmorei

Cyclotella nenegg infiana

49450
8700

2900

150

650
500

150

150
6400

Amphiprora sp.

A. ornata
topleura sp.

Pleurosigma sp.

Stephanodiscus sp.
Diploneis sp.

Lyngbya limnetica
L. contorta
Sg:l.rulim laxissima
blue-green  filament
Aphani zomenon sp.
Anabaéna flos-aquae

150

4750
500
500

osphaeria lacustris
var. compacta

aponina var. cordi-'
fomis

nocapsa sl_ash_i_'_te.
A, elachista var.

planctonica

350

May 22
126500
21750

800

500
650

350

150
1950

150

42150

7350
500
150

150

350
350

BY

May 29 June S5 June 13 jyne

81500 79600 557
5550 5400 350
39850 29250 22550
650 350 650
150 350 1000
350
3250 13600 1000
650 2350 1650
8500 9300 4250
3500 1350 |
1000
350 |
12000 350
1650 3300 650 '
350 700 350
350
350
1000 1000 650
8800 15300 5550
1650 2350 1650
650 3300 650
350 2250
1000 1350 5550
350 1650
2600 s00 1950
5250 3000 2950

308
10

366
6

13
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2 19 June 23 June 27 July 4 July 10 July 12 July 14 July 17 . Ju

)850 14700 18500 8650 2550 '850 1000
1000 350 650
5600 41500 2900 11600 16350 15500 2250 7050 !
650 650 - 350 350
61750 2350 500 850 3450
350 1000 2600 500 150 850 350
350 350 150 150 150
16500 850 350
150
350 2600 4900 2950 16900 1300 3500 1950
1950 350 5050 3600 500 150 700 150
3100 850 150 1050 800
1300 1000 1300 650 9600 1800 700 3600
350 150 150
650 150
1800 150
1150 3900 350 150
32200 9950 11100
350 150
1000
350
350
10800 6850 8000 10300 9800 5900 7850 6200
1000 1300 350 4900 2550 2600 2950 2100
1000 ‘ 1450 3900 2350 1150 2950 2100
2800 1000 500 2100 2100
1650 1650 150 800 850 800 3150 650
150 150 1050
1060 2600 650 3450 7750 2950 5600 2300
1000 350 150 700 500 500 800
650 650 500 350 850 650 2250 1950

4250 2600 500 2450 3900 2950 4900 2950
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July 19 July 22 July 24 July 26 July 28 July 31 Aug. 1 Aug. 4

13450 1150 650 500 2300 1950 1800 500
isoso 8500 4750 4100 11100 18650 7050 32250
' 500 800 150 150 150
11300 350 500 500 500 150
13750 150 150 800
7200 1300 350 800 1300 1800 350 500

1800 150 150 350 800 350
12950 1650 650 150 2100 650 ©° 800 150

5050 9950 1150 650 6550 4250 500 150

150
350 150
150 350 150
16000 8800 10300 3900 4750 35D
1S 150
18300 9000 10450 6050 16000 30550 44750 20250

12450 1950 2950 2800 3750 4250 2100 1950

5400 3900 3450 1300 5550 4100 4400 3100

4900 4100 4400 2450 5400 4250 4400 2100

800 650 2800 350 2300 1450
350 800 150 350 3750 3100 2800

5400 3450 2600 4250 6200 6350 2600 2600
. 650 1000 1000 1000 1150 2800 1300 1650

1650 2100 1800 1300 2300 2450 1450 1650

'3750 2300 = 3250 2950 4550 5550 5050 4400



R4/

8 July 31 Aug. 1 Aug. 4 Aug. 7 Aug. 15 Aug. 21 Aug, 27
0 1950 1800 500 650 - 650 150 350
0 18650 7050 32250 500 800 7500 3100

150 500 5550 4100
0 500 500 150 650, 500 500 500
0 150 350 350
o 1800 350 500 1000] 650 150
0 800 350
0 650 © 800 150 800, 800 350 500
o 4250 500 150 150 350 650

350 150

150

150
o 35D 2600 350 150
0 30550 44750 20250 - 20250 | 32050 39400 25000
0 4250 2100 1950 2750 | 1950 1950 800
0 4100 4400 3100 4900 | 650 650 650
0 4250 4400 2100 4550 | 1650 1150 500
V) 1450 500 | 4550 3900 2600
0 3750 3100 2800 28750 | 150 8350 1000
) 6350 2600 2600 3450 | 3750 7350 4750
) 2800 1300 1650 350 500 1000
D 2450 1450 1650 800 | 500 800 1150
D 5550 5050 4400 2800
3250 5400 4550 |




1967

APPENDIX A CONT'D

Aphanocapsa elachista

var. conferta
A. elachista var.
delicatissima
. pulchra
ghénot:hece nidulans
Chrescoccus turgidus
C. limmeticus var.
subsalsus
C. limmneticus var.
carneus
Merismopedia punctata
M. minute
M. glauca
Microcystis ma jor
Gleothece sp.
Gleocagsa Sp.

Microcystis aeruginosa
Anabaena sp.

blue-green colonial
blue-green filaments
Eudorina elegans
Dinobryon sociale
Ceratium hirudinella
Peredinium sp.
Glenodinium quadridens
Glenodinium sp.
Rhizochg!sis limnetica
Phacus brevicuada
Dictyosphaerium pul-
chellum
D. ehrenbergianum
Pediastrum boryanum
P. duplex var.
reticulatum

P. duplex var.
clathratum

P. kawraiskyi
Tetraedron minimum
Staurastrum muticum

May 15

May 22 May 29

350

700

150 650
150 350

350

3250
150 150
150

150 650

650

1000

June 5 June 13 June

350
2600
350
1350
1000
350
1000

350

350

4650
350

650

650
1300
650
3600

350

1000

350

3250
650

350
1300




_—
-

e 19 June 23 June 27

3600
2600

1000
350
350

1000
350
350

350
350

2600

1300

2950

350
350

1300
2950

650
1300
350

350
350

350

1300
350

5250

1650

2300

350

500
3750
150
800

150
500

150
150

350

500

500
150

500
500

150

July 4 July 10 July 12 July 14 July 17

2450
3100

1300
150

650

150

350
1600

1300

2450
800

650

1500
2550
1200

150

350
1200
1200

350
500

1000
1850

150
1200

2700
2850
650

1350
500

350
350

1500
1650
1500
150
650
500

350

150
650
1500

650

1650

1000
500
800
500

350

1750
3300
1200
1400
700
850
500

350
350

350
1550

1550

2800
150
2250
500

500
700

150

350
3450
150
1000
500
150
150

150
350

650
1450
150
350

350

1650
500
1300
150

650
150

150



July 33 July 22 July 24 July 26 July 28 July 31 Aug. 1 Aug. 4
5

- 4750

1300
1450
500
500

500
150
350
150
350
2300

150
500

500
150

2950
350
3750
650
800

150
350

650 800 1150 500 650 1000 1300
5250 6050 4250 7050 7200 4400 4900
1000 800 800 1800 1300 1650 1450

150 150 1150 1800 1150 1150 1300

150 500 150 1150 1150 ‘ 650
1000 500 650 ~ 350 1150 1000 350

150 350 150 350 500 500

150 500 500
500 150 150 800 150 350
1000 1150 1150 1950 2300 1450 1450
2300 1950 1650 3100 3750 1000 1000
500 150 350 150 150
500 350 150 150
350 500
150 350
150 150 500
350 150
500 150
150
1650 1450 1800 3450 6200 2800 2450

350 150 500 150 150 150

350 500 1450 800 1300 1650 1650
1000 1000 350 800 500 650

650 650 1000 1950 2300 2100 1950

350 350 350 350 150

350 150 150

d



242 ~
Aug. 15 Aug. 21 Aug. 27
28 July 31 Aug. 1 Aug. 4 Aug. 7 g g.
00 650 1000 1300 1300 800 1000 500
50 7200 4400 4900 6200 5050 3250 4550
00 1300 1650 1450 1000 1338 izgg i15°
00 1150 1150 1300 1300 150 1% 458
50 1150 | 650 150 350 1450 330
50 1150 1000 350 650 |
50 500 500 1000 150 150
500
00 500 B
50 800 150 350 150 350 500 650
50 2300 1450 1450 1300 | 1130 2300 2100
00 3750 1000 1000 2300 zigg 1450 1650
50 350 150 150 150 150
350 150 150 350 150
50 500 500
150 650
50
800 350
150 500 1150 350 800
150 500 500
00 150 500 150
50 150 150
50 6200 2800 2450 1000 350 1450 1800
00 150 150 150 350 igg 1800 ligg
00 1300 1650 1650 = 650 350 590 1590
50 800 500 650 150
50 2300 2100 1950 500 150 500 350
350 150 150 130 0
50 150 150 |
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Staixrastnn inque
Z "3-radiate 5
Staurastrum pi

4-radiate
Staurastrum sp.
Staurastrum sp.
Binuclearia eriensis
Oocystis crassa
Oocystis lacustris
Oocystis submarina
Oocystis parva
Oocystis solitaria
Scenedesmus quad-

ricauda

S. lon
« obliquus

. opoliensis
S. dimorphus

Cruci genia quadrata

5

Actinastrum gracillum

May 15

500
150

Ankistrodesmus falcatus

Coelastrum microporum

Kirchneriella sp.

K. obesa

Tetrastrum stauro-
geniaeforme

Botryococcus braunii

green colonial

Closterium gracile var. 150
elongatum \

Cosmarium sp.
Cosmarium sp. N
Cosmarium sp.

Scenedesmus abundans var.
brevicauda

green filament
green filament
Pectodictyon cubicum

150

Dimorphococcus lunatus

Cosmarium sp.
Selenastrum westii

May 22

650

800

350

150

150

May 29

150

2600

350
2600

350

June S
350

5650

650
350
350
3250

350
350

June 13 Jur
1300

650

350
350

350

2600

1000
350
350
350

350

350
350

1950
1300



une 19 June 23 June 27 July 4 July 10 July 12 July 14 July 17 N

650 650 1000 650 1450 1400 350
350 350 350 650 500 1000 700 500
150 1000 350 500 500
500 500 150 500 500 150
650 150 350 1200 500 350 500
350 350 650 650 500 500 150
: 150 350 350 350
150 350 350 150
150 150
1650 1650 500 1000 350 150 500
350 150 330
350 150 350 350
150 150 350
650 350 1300 1350 150 350 500
150 350
g 500 350 150
150 150
500 150 150 350 350
150 150 150 150
800
350 1200 350 350 350
500
350
350 150
650 150 1850 150 500 650
350 350 150 2050 350 350 500
1950 1000 1150 1150 2850 1000 700 500
150

650



wly 19 July 22 July 26 July 26 July 28 July 31 Aug. 1 Aug. 4 A

1000 1300 1800 1000 1000 800 1650 1450
500 350 350 800 1150 800 650
150
800 1150 350 650 500 150 800

1150 800 350 150 1000 650 1300 350
650 800 350 500 500 1950 1950 1300

. 150 350 500 650 650 150 350 350
. 150 350 650 150 650 1000 150 500
| 500 150 500 150 150 150
l 150 150
. 150 1150 350
150 350
150 2450
150
500 350 350 500 350 150
350
150 150 150 150
500 350 350 350
150 150
650 800 1650 350 1300 1450 1950 1000
500 150 350 150 500 650 150
650 150 350
150
150 150 150

2100 350 350 150 1150 1950
800 800 800 350 350 1000 800 500

1450 1650 1800 500 800 2100 3250 2600

350 150
150
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28
000

800

500
000
500
650
650

350

L300

150
1150

350
800
150

July 31
800

1150

150
650
1950

150
1000

150

150
500

150
350

1450
500

350

150
1950

1000
2100

Aug. 1 Aug. 4 Aug. 7| Aug.

1650 1450 1000
800 650 150
800 1000

1300 350 500

1950 1300 500
350 350 650
150 500
150 350
150 150 350

1150 350 150
350

2450
350 150
150 150

1950 1000 800 |
650 150 150 |
800 500
3250 2600 650
150

15 Aug. 21 Aug. 27

150
500
500
350

150
150

350

150

150

350

150

150
1450

650

1000
150
650
650
150
150

650
650

150

500

350

800
150

350

650
800
150

350
500
650
650

150
150

350

150
150

350

1650
500

350
1450

150
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auy -

July 3 July 10 July 17 July 24 Aug. 1

Staurastrum pinque 150 1150
3J-radiate
S. nque 350 650
( 4-radiate )
Staurastrum sp.
Staurastrum sp. 150
Bi a eriensis 1650 1450
8 Spmssa 1000 1000
O, lacustris 800 150
0. submarina 150 350
O. parva
O. solitaria
Scenedesmus guadri- S00 800
cauda
S. longus
S. obligquus 150 150
S. bi jugs 150
S. opoliensis
Crucigenia quadrata 150 S00
Actinastrum gracillum
Ank{strodesmus lcatus
Coelastrun microporum 150 150
Kirchneriella sp.
K. obesa
Tetrastrum stauro-
‘enilczorne
Bot occus braunii
green colonial 1150
Closterium gracile var. 150
elongatum
Cosmarium sp. 350
Cosmariunm sp.
Cosmarium sp.
Scenedesmus abundans var.
brevicauda
green filament 500 650
green filament 2750 1950

Pectodictyon cubicum
Dimorphococcus lunatus

Cosmarium sp.
Selenastrum westii

350
1650

1950
1300
1000
350
350

1650

350

350

1000

350
1650

650

150
1650

150

150

350

150

150

150
350

500

1000
650
3250
650
350

1300

350

1650

1950
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1968
July 3 July 10 July 17 July 24 Aug. 1
nocapsa elachista 500 1000 150
var. Q:&Qm
A. elachista var. 5250 3600 8150 3900 9150
delicatissima
A. Egm 800 650 1000 350 1300
%Lo_ghccc nidulans 1950 800 1950 1800 1300
roococcus turgidus 150 350
C. limneticus var. 150 350 650 150 1650
[ lsus
go L‘!!Clm var.
cCarneus
Merismopedia punctata 150
M. nute 150 500 150
M. glauca 150
Microcystis ma {or 150 350 150 650
Cleothece sp. 500 1300 SO0 1650
Gleocapsa magms 150 150 650 350
Microcystis aeruginosa 3s0
Anabaena sp.
blue-green colonial ‘
blue-green filaments
Eudorina elegans
Dinobryon sociale 150
Ceratium hirudinella 150 1300 1650

Peredinium sp.

Glenodinium quadridens

Clenodinium sp. 150 150
Rhizochrysis limnetica

Phacus brevicauda

Dictyosphaeriun 1650 $00 1950 1300 2950
pulchellum

D. ehrenbergianum 150 350

Pediastrum boryanum 1000 1300 650 1000 350

P. duplex var. 350 350 1000 500 650
reticulatum

P. duplex var. 650 350 350
clathratunm

P. kawraiskyi 150 150 350 150 650

Tetraeodron minimum S00

Staurastrus muticun
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1968

July 3 July 10 July 17 July 246 Aug. 1
Diatoma elongstum 2600 1800 650 1650 1950
D. elongatum var. 150

tenue
Fragilaria construens 2950 20400 81700 2600 4600
var. binodis
Hantzschia sp. 3450 17150 3250 1650 7850
Synedya actinastroides 1150 150 650 350
Asterionella 2 150
!h;ggg_ng;g eriens 1- 2800 500 650 350
vVar. ‘
gonst;;ctu-
Synedra ulna 1000 5700 350 5200 3600
Synedra acus 150
Synedra pulchella 1300 1150 1000 150 350
Nitszschia sp. 150 650 350 650
Surirella sp.
Cymbella sp.
Anoneomeis sp.
Navicula sp.
Chaetoceros elmorei 24200 2450 1650 10300 2300
Cyclotella meneghinjiana 350
Amphiprora alata
A. ornata
leura sp.

Pleurosigms sp.
Stephanodiscus sp.
Diploneis sp.

Lyngbya limnetica 10150 5900 10800 11900 18300

L. contorta 1800 1000 2950 3750 4550

Sgirulinn laxissima 1800 1000 2950 4250 3600

blue-green filament 1000 1650 6550 3600 6200

Aphan{i zomenon sp. 500 150 1000 800 2950

Anabaena flos-agquae 150 1650
eria 3600 3750 8500 3100 4900

lacustris var. compacta

G. aponina var. 1000 650 1000 S00 350

cordiformis
Aphanocapsa elachista 650 650 350 1150
A. elachista var. 1800 2950 3900 1650 5900

planctonica
Fragilaria crotonensis 150 150 350 350
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ENVIRONMENTAL DATA 1968

Cadham Bay

Date Temp. pH Cond. Inorganic phosphate
June 7 17.0 8.1 2.74 4.0
June 29 approx. 8.3 3.01 S.7
July 6 19.6

July 14 8.7 3.12 7.3
July 17 20.8

July 27 19.2 8.8 3.14

Aug. 12 23.3 8.8 3.31 6.2
Aug. 27 12.7 8.7 3.50

School Bay

June 10 15.3 8.0 2.12 1.6
July 7 20.0 8.9 2.89 0.6
July 23 23.0 8.8 2.80

Aug. 3 8.7 3.13 5.7
Aug. 19 16.8 8.4 3.68

Sept. 3 12.7 8.8 .84

data courtesy of Dr. J. M. Walker, University of
Manitobs
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APPENDIX C

1965 r
max. -1“. max. min.
May 1 73 41 July 1 65 57
2 51 39 2 72 58
3 5?7 24 3 84 35S
4 71 40 & 80 55
5 36 43 s 73 &4
6 63 39 6 81 51
7 52 39 7 77 54
8 43 33 8 70 56
9 40 29 9 63 52
10 74 31 10 68 46
11 69 48 11 67 55
12 6l 34 12 81 61
13 80 49 13 75 59
16 S2 42 14 73 47
15 S2 39 15 82 ss
16 69 39 16 76 61
1?7 64 s51 17 73 59
18 48 41 18 76 62
19 60 30 19 74 60
20 76 &7 20 83 59
21 52 45 21 77 68
22 60 34 22 83 66
23 60 45 23 76 65
24 1) 49 26 76 55
235 62 S0 25 78 51
26 S0 38 26 73 51
27 43 31 27 75 51
28 62 28 28 75 56
29 66 42 29 76 60
30 60 46 30 67 63
31 57 48 31 83 73

June 1965 data not available

data courtesy of Delta Waterfowl Resesrch Station



APPERDIX C CONT'D

WEATHER DATA - DAILY

1965

Aug.

BAX. min. MAX. min.
1 76 S9 Sept. 1 72 41 Oct. 1
2 76 S9 2 71 S0 2
3 78 64 3 68 & 3
4 81 69 & 56 42 4
s 79 65 S 53 41 S
6 72 64 6 S6b 41 6
7 72 $2 7 69 35 7
8 81 S5S 8 70 43 8
9 78 6l 9 65 435 9
10 84 S0 10 55 40 10
11 89 63 11 S?7 37 11
12 90 62 12 55 &b 12
13 9% 70 13 52 &6 13
14 89 60 14 54 40 14
1S 81 49 15 62 34 15
16 79 S$S i6 S6 46 16
17 72 59 17 &9 &5 17
18 70 &b 18 S5 43 18
19 73 52 19 60 3 19
20 65 S 20 63 35 20
21 72 [ v Y 21 64 35 21
22 72 SO 22 S6 42 22
23 81 &7 23 51 38 23
26 73 52 26 52 32 24
28 70 59 25 &0 29 25
26 68 S8 26 42 30 26
27 SS9 49 27 &S 3s 27
28 61 39 28 &4 22 28
29 65 S0 29 &5 36 29
30 o9 &3 30 52 32 30
31 60 43 31

data courtesy of Delta Waterfowl Research Station

ass



APPENDIX C CONT'D

1966
maxX. min, MAxX. min.,

1 49 29 Dec. 1 32 12 Jan. 1

2 61 27 2 40 24 2

3 41 33 3 34 20 3

& &4 22 & 44 23 4

s 41 35 s 29 18 5

6 33 27 6 31 0 6

7 36 23 7 28 14 7

8 25 17 8 38 11 8

9 28 10 9 28 11 9

10 28 20 10 26 6 10
11 32 21 11 23 19 11
12 27 18 12 23 21 12
13 18 8 13 22 19 13
14 23 5 14 19 15 14
15 27 21 15 135 8 15
16 18 13 16 12 o 16
17 23 0 17 20 - & 17
18 26 5 18 16 - & 18
19 19 1 19 24 1 19
20 21 7 20 31 13 20
21 27 18 21 31 18 21
22 24 10 22 131 11 22
23 20 -5 23 23 13 23
26 26 S 24 9 -5 24
25 2 23 - 8 23
26 26 12 1 26
27 17 S 27 -7 -15 27
28 13 9 28 13 =15 28
29 20 -8 29 10 -11 29
30 28 -5 30 -2 -10 30
31 -2 -7 31

data courtesy of Delta Waterfowl Research Station

-10
- 6
-12
=10
-21
-7

-11
15
13

-9

- &

-7

-11

-13
-18
-20
-21
-17
-1
-15
-24
-21
-18
- 4

ase

min.
=21
-29
-22
-23
-18
<33
-42
-27
-9
=20
-29
- 2
-16
-28
-16
=29
-23
=14
- 6
«23
-38
-28
-41
-40
-28
22
=41
=62
-31
«27
-1l5



WEATHER DATA
1966
|mAax
Feb. 1 8
2 'y
3 -8
& 8
S 11
6 13
7 26
8 3
9 18
10 16
11 22
12 19
13 - 2
14 - 6
1S - 8
16 -7
17 =24
18 =20
19 -16
20 -9
21 -1
22 1%
23 28
26 20
25 18
26 30
27 k ¥
28 30

DAILY

ain.
-18
-13
«26
-24
- 2
- &
-16

-12
-1
-26
-14
-29
-26
-34
-43
-40
-37
-28
-21
-1

16
13

Mar.

VRN WNMEWN™

data courtesy of Delta Wa

APPENDIX C CONT'D

.!
L

N. MAX.
28 8 Apr. 1 &2
18 -6 2 &5
11 6 3 3
12 5 & 34
12 3 5 38
11 -13 6 35
28 -15 7 34
39 10 8 29
28 4 9 29
35 7 10 39
&0 32 11 47
41 16 12 46
37 16 13 &S
36 19 14 48
36 11 15 54
3?7 29 16 52
35 29 17 32
26 20 18 35
28 12 19 30
43 22 20 32
37 25 21 &5
15 9 22 52
10 -1 23 68
20 -3 24 41
29 17 25 36
30 7 26 39
37 14 27 32
41 23 28 133
51 28 29 33
43 29 30 30
45 36

terfowl Research Station

as?

min.

29
25
27
29
24
27
23
12
19
25
30
32
30
29
38
26
12
20
21
21
32
39
34
30
23
27
24
17
14



WEATHER DATA

1966

max.

l 32

2 &3

3 Sl

& 69

5 53

6 44

7 &0

8 36

9 &4

10 &9
11 44
12 &7
13 51
14 62
1S 42
16 69
17 39
18 48
19 &7
20 62
21 86
22 90
23 S¢
26 66
25 69
26 66
27 56
28 55
29 61
30 70
31 81

data courtesy of Del

APPENDIX C CONT'D

DAILY

min. maX.
14 June 1 81
38 2 77
28 3 55
32 4 58
37 S 63
28 6 63
32 7 55
26 8 58
22 9 72
25 10 79
34 11 67
33 12 62
38 13 54
38 14 65
38 1S 70
38 16 72
42 17 81
41 18 83
3 19 &0
38 20 89
48 21 74
S1 22 82
49 23 70
48 26 74
49 28 72
S2 26 88
39 27 87
&2 28 81
&b 29 93
&b 30 79
S1

min.

50
43
45
51
52
43

40
52

30
50
42
49
SO0
49
51

61
62
61
64
53
61
52
59
68
69
72

VoSNV WN-

max.
75
72
77
75

75
82
89

94
88
75

81

92
89
79
72
81

72
72
79
67
70
73
78
88
75
72

ta Waterfowl Research Station



WEATHER DATA = DAILY

1966

Aug.

|AX. min.
1 74 62
2 83 $S
3 82 6S
4 79 66
s 78 61
6 69 64
7 69 60
8 68 S8
9 68 $6
10 73 52
11 77 50
12 76 $9
13 68 59
14 75 56
1s 81 5S
16 75 S4
1?7 70 6l
18 65 S3
19 73 &3
20 65 57
21 67 59
22 67 S4&
23
26 80 51
25 88 S4
26 87 56
27 83 $7
28 76 60
29 63 $?
30 86 53
31 72 60

data courtesy of the

Sept.

APPENDIX

VONGCWnEWNF

74
82
75

65

83
72
o4
65
75
81
58
62
74

76
75

79
73
66
62
59
56
66
S3
60
SO
S0

C CONT'D

min.

Oct.

DoO~NOUVMEWNT

Delta Waterfowl Research Station

ain.
40
38
46
42
35
43
&7

40
30
40
40
37
34
27
27
32

28
30

27
21

28
36
31
16
31
28

asy



APPENDIX C CONT'D

max. d“o MAX. min.

) § 21 18 Dec. 1 3 0
2 25 7 2 S - &
3 32 21 3 21 <10
& 31 28 4 23 10
s 32 12 s 31 0
6 18 12 6 20 S
7 15 9 7 2 -9
8 18 8 8 2 -2
9 22 - & 9 « 2 «l1
10 23 6 10 - 6 «27
11 12 - 8 11 10 -12
12 21 -7 12 31 -12
13 22 11 13 11 7
14 23 0 14 29 11
15 22 18 15 33 20
16 27 12 16 32 28
17 15 11 17 29 146
18 18 o 18 25 - &
19 29 ) § 19 27 22
20 30 6 20 16 6
21 33 20 21 - 7 -12
22 3 22 22 15 -20
23 21 0o 23 23 -5
24 33 - 2 24 S &
25 38 1S 2 & -15
26 29 7 26

27 16 & 27

28 29 10 28

29 31 7 29

30 -7 -12 30

1967

Jan.

voNownsHwN-

"
- NWWN
oSNNS WLWN

N = b =
HFNWOMNOOMENNO

31

-
~

data courtesy of Delta Waterfowl Research Station

0

min.

-10

- 6
18

-10
-15
-16
-20
-25
-32
-18
-15
- 2
-10
-12
-3
=19

-12
13



WEATHER DATA
1967
MAX.
Feb. 1 - &
2 3
3 37
b - &
S -9
6 - &
7 13
8 11
9 20
10 = 7
11 - 7
12 15
13 18
14 -20
1S =15
16 =11
17 -11
18 - &
19 1
20 S
21 10
22 19
23 7
24 S
25 11
26 29
27 18
28 22

data courtesy of Dsl

DAILY

min.
=17
21

-10
-28
-29
-17
-3
-5
-11
-34
-8

-24
-39
-23
-3%
-35
-16
-21
-3
- &
-21
-23
-11

11
12

Mar.

APPENDIX C CONT'D

VE~NOWwEWN-

]
VOrVMNNGCO W
.

FWWWEWWWWWWWWNE = =
MNAOORNONEENENE NV OW

min.
19

-15

-3
-13
-25

10
- &
-12

-17
-20
-12
-10
-19
- 2

24

17
24
31
29
18
24
16
32
3
13

Apr.

oeNTWBMPLUNOH

ta Waterfowl Research Station

max.
26
18
37

26
35
58
S0
23
35
47
54
44
38
44
37

37
50
40
23
26
3l
42

41
51
45
38
40

26!

min.

-7
24
10

28
32
12
15
31
36
32
3
33
30
25
18
30
32
20
15
10
18
26
24
25
38
26
25



262
APPENDIX C CONT'D
WEATHER DATA - DAILY

1967
|ax. min. mAaxX. ain. max. min,

May 1 30 24 June 1 80 49 July 1 69 53
2 27 10 2 79 s2 2 62 48
3 33 23 3 8% 59 3 66 57
4 SO 24 4 5S4 S0 4 77 66
S S8 3] S 72 36 S 86 53
6 6S 3s 6 56 39 6 76 60
7 &0 37 7 61 45 7 82 60
8 &0 32 8 63 49 8 83 52
9 40 33 9 76 48 9 83 64
10 40 29 10 69 46 10 80 $5
11 &b 26 11 73 56 11 72 58
12 So 32 12 o0 SS 12 67 5S4
13 56 35 13 71 S$S 13 70 48
14 48 25 14 69 58 14 77 &7
15 59 31 15 70 SO 15 83 60
16 Sé 36 16 66 S7 16 73 62
1?7 76 45 17 70 5S 17 82 S3
18 48 38 18 84 60 18 80 56
19 L & 30 19 63 55 19 94 67
20 48 39 20 66 50 20 93 68
21 67 36 21 60 52 21 86 69
22 69 49 22 60 43 22 79 61
23 75 &S 23 58 40 23 73 55
24 68 43 24 69 42 24 80 59
28 75 S3 28 78 48 25 77 62
26 S3 43 26 81 51 26 73 52
27 75 48 27 83 5S4 27 75 52
28 77 50 28 80 58 28 72 S8
29 75 48 29 84 56 29 77 S3
30 74 50 30 72 Sé& 30 72 57
31 77 S& 31 31 77 S8

data courtesy of Delta Waterfowl Research Station
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APPENDIX C CONT'D

WEATHER DATA - DAILY

1967 1968
MaxX. min. max. min.
Aug. 1 76 63 May 1 83 47
2 70 S3 2 $7 41
3 69 58 3 43 34
4 82 49 & &2 3l
S 76 59 S S9 25
6 70 35 6 S1 &6
7 72 S1 7 S1 &2
8 67 56 8 &0 34
9 65 SS 9 60 30
10 77 46 10 46 34
11 86 52 11 56 28
12 88 S$S 12 69 35
13 80 60 13 77 &7
16 84 58 14 67 S7
15 91 61 1S 43 39
16 82 68 16 SO 36 ‘
17 64 60 17 36 32
18 71 46 18 &0 33
19 86 SO 19 &7 36
20 62 S4 20 51 41
21 68 43 21 L Y4 36
22 74 &3 22 60 &2
23 83 51 23 S8 &3
26 89 60 24 73 &7
25 65 52 25 73 SO
26 77 43 26 65 SO
27 85 Sl 27 $6 48
28 76 Sé 28 60 Sl
29 69 57 29 69 &7
30 68 49 30 68 52
31 77 &9 31 66 SO

data courtesy of Delta Waterfowl Research Station
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APPENDIX C CONT'D
WEATHER DATA - DAILY

1968

WAX. min, maxX. min.
Jume 1 65 51 July 1 59 s1
2 6% o4 2 74 a2
3 90 59 3 N 56
s 75 57 s 71 57
s 70 59 s 82 53
6 67 59 6 92 61
7 7 53 7 76 66
8 59 53 8 64 57
9 el 52 9 69 4
10 6l sS4 10 86 s3
11 66 ss n n 60
12 78 46 12 83 58
13 74 48 13 82 65
14 58 Pyt 14 85 3

15 N 38 1s 77 57 ‘
16 74 8l 16 76 66
17 77 &7 17 74 64
18 66 s1 18 7S 65
19 75 s 19 82 56
20 86 57 20 77 62
21 75 51 21 7N s8
22 72 a7 22 77 a9
23 65 s1 23 70 57
2% 6l 52 2 1S s1
25 66 52 25 82 55
26 71 46 26 74 56
27 79 53 27 69 46
28 77 57 28 67 sS4
29 77 53 29 63 4
30 62 51 30 72 ss
31 80 52

data courtesy of Delta Waterfowl Research Station
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APPENDIX D
CERATIUM POND
May 17, 1967 June 8, 1967
temperature 1.5 C 18.6 C
pH 7.6 8.5
conductivity 0.27 milli MHO 0.35 milli MHO
total
alkalinity 138 .0(all HCO,) 191.2 (all HCO,4)
colour 150 PP 140 ppm
hardness taken June 29, 1967 Ca 54 ppm
Mg 34 ppm
GRAVEL PIT POND I ‘
July 7, 1966
temperature 22.7 C
pH 8.71
conductivity 0.31 milli MHO
total
alkalinity (July 14) 166.2 of which OH (2)601.
hardness taken June 29, 1967 Ca 35 HCD, 135.8

Mg 34
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APPENDIX E

FIXATIVE AND PRESERVATIVE: TRANSEREAU
(se? Prescott 1961)

300 ml ethanol (100%)
100 ml formalin
600 ml distilled water

use & strength

STAINS
cotton blue (.05%) in lacto-phenol

trypan blue (.1%) in lacto-phenol

FAST GREEN IN EUPARAL

1. pippette small amount of fixed material on to clean slide

2. let stand several minutes

3. pour off excess liquid (most of the fixed material comes
off too, but some sticks) ‘

4. allow the material on the slide to stand until ‘almost dry'

S. place cover slip over the material and add .5% fast green
in glacial acetic to the edge of the cover slip

6. stain 2-5 minutes

7. turn slide upside down in dish containing 3 parts absolute
alcohol / 1 part glacial acetic (cover slip will drop off)

8. take alide through 2 changes of absolute alcohol for 5
minutes each

9. place slide in 1l:1 alcohol /euparal essence for 5 minutes

10.place in eupsral essence for 10 minutes

1l.mount i{n euparal

this procedure courtesy of Dr. P. E. Brandham
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