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fbstract

The distributioa of members of
the Saprolegniales in twenty two mnatural waters,ranging in
pHe from 3.6 to 8.0, throughout the United Kingdom during the
period October 1956 to April 1958 is described. The method
of isolation and the standardised sampling technique are fully
explaineds The twenty seven.specieé collected are shown to be
distributed according to the hydrogen ion concentration of the
waters in Which'they occur. It is possible to arrange them in
three main groupss There is a distinct seasonal variation in
occurence of the species in those waters which were sampled
at regular intervals and it is possible to distinguish "summer"
and "winter" species. The results of a study on growth and
reproduction of certain selected species in pure culture and

their bearing on the distribution patitern is discussed.
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INTRODUCTION

—




The Saprolegnizles gre meinly
saprophytic fungi able to grow on substrata as
widely different as twigs, fruits, seeds, insect
cadavera and boiled egg white. Some members of
the order are facultative parasites; for example

Tiffney (1939) listed Saprolegnia fer8x, Sapro-

legnio parasitica and Achlya flagelleta as

parasites of fish, amphibians and reptiles. 1In

the genus Aphanomyces there are many obligate

parasites; some, like A. raphii, cause rodt rots
of higher pleants; others parasitise algae and

A.parasiticus is an endoparasite of Achlya.

Extrogella is a genus composed entirely of

species which are obligate parasites of zlgae.
Originally it was believed

thet members of the Saprolegniales were exclu-

sively aquatic, but the work of Harvey (1¢25)
showed that they ' dre also found in soils. They
have been isolated in many countries and since

the 1920's lists of species found in Great Britain,
Bohemia, Bulgatria, Demmark, Germnay, Ukraine,
India, Chine, Japan, Australiaz and North America

have been published.
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It is with the predominantly
saprophytic membé:s of the order that this investiga-~
tion is concerned. They are readily isolated because
their zoospores will colohise a great veriety of bait.
They can be “éaught"'by leaving the bait in the water
in which they occur, or by baitiﬁg samples of this
water. bespite the simplicity of this technique and
the fact that it has been known for s considerable time,
it is 5urprising'how haphazard the collecting has been
and up to the present little ecolgical.has been carried
out. This investigation attempts to compare the dis- |
tribution of saprophytic members of the Saprolegniales
in natural weters of different hydrogen ion concentration
varying from acid bogs to constantly alkaline lekes. It
has not been possible to study the whole of the Saprof
legniaceious flora of the habitats selected for the follow-
ing reasons: -~ |
(1) It was not practicable to use more than one kind
of bait. 7
(2) The method of sampling depénds on the colonisation
of the hemp seed bait used by the 2oospores of the fungus and
it does not give any informetion about the occurrencekof
the fungus in the vegetative condition. The mycelium
may be living in the water but unless the zoospores are

produced, its presence may not be detected.
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(3) If after colonisation of the bait the fungus

does not produce oogonia, identification is usually
impossible. Some species may be unrecorded for this
reason., |

. The information obtained
using the baiting technique relates only to the water
moulds which produce zoospores freely and which form
oogonia when growing on hempseeds. However, by
standardising the methods.of sampling and sampling at
regular intervals throughout the year, it is possible
to compare the seasonal distribution of these fungi in
waters of different hydrogen ion concentrations.

Since the method of sampling
depends on the presence of zoospores, some attempt has
been made to discover the importence of certain enviro-
mental fectors on zoospore production. In Part II of
this thesis, work on the growth znd reproduction of
certain species in pure culture is reccrded. The influ-
ence of such factors as temperature and pH; and of
calcium, phosphate and carbonate ions on these species

has been recorded.



Higtorical Review

A review of the literature
shows that since the time of Ledermiller (1760) sttention
has been paid to the taxonomy, cytology, end latterly,
the physiology of the aquatio phyconycetes. From the
end of last century species lists for many countries have
been published. The first British list was lMassee's |
(1891) end comprised eight species. A year lester, Humphrey
(1€¢2) in North America, published a monograph on the
Saprolegniaceae which included all existing North American
records of these fungi. Sparréw (1923), Coker (1927) and
Couch (1¢31l) have also been pioneers in the study of the
Saprolegniales in Forth America. Ivimey-Cook (1933,1936),
Forbes (1935), Sparrow (1936) and Lorgan (1938,1939) have
contributed towards»knowledge of the group in Great Britain.
In other countries, lists of species have been published
by various euthors.

There is however, little
published work on the influence of enviromentsl factors on -
these fungi. In particular, there is only one comprehen-
sive paper on the effect of ﬁH. on distribution, viz; that
of Lund (1934) which lists the aquatic phycomycetes found
in waters of differenct pH.‘in Denmark. He divided the

waters sampled there into five groups:-
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1, Highly acia (pH 3.5 to 4.0)
2. 8lightly acid (pH 5.3 to 6.8)
3. Neutrally acid (PE 5.2 to 7.5)

4, Yeutrally alkaline (pH 6.5.t0 7.7)

5. Constantly alkaline (pH 7.6 to 8.4)
He found that some of his species were common to several
of the pH. groups, as is indeed to be expected with the
wide and loose classification which he édoptéd for his
groups; nevertheless some species do appear to be
tolerant to 2 limited pH. range and some were charadter-
istic of a particular group. | |

| The species characteristic of highly

acid and constantly alkaline waters are:-

Highly acid waters Constantly alkaline waters
(pH. 3.5 t0 4.0) (pH 7.6 to 8.4)

Saprolegnia diclina Saprolegnia ferax

S. delica 8. hypogyna

S. monoica var. montana S. mixta |

S. litorslis - Achlya colorata

S. latvisaca A. oligocantha

S. torulosa A, racemosa

S. variabilis : A, radiosa

Aplanes androgynolis Aphanomyces laevis

Achlya americana Aph. stellstis

A. caréliniana Dictyuchus megnusii

A. treasleana D. monosporus

Isoachlya parasitica

Pythiopsis humphreyana



Lund's lists are full and
contain a record of the species collected in each habitat
by a variety of direct and indirect methods. Although
they form a valuable record of the distribution of the
species in the various hebitats, the collecting was
haphazard in character. No attempt was made to sample
régularly. and he gives no record of seasonai variation.

In 1941, Wolf and Wolf
published a list of watermoulds found in California, in
a cypress swamp of pH. 7.6. The following eight members
of the Seaprolegniales were included in this list.

Achlys americana

A. conspicua

A. flagellatse

A. proliferoides
Aphanomyces leaevis
Dictyuchus monosporus
Sébrolegnia delica

S. ferax.

- Three of these species, Achlya flzgellata, Dictyuchus

monosporus and Saprolegnia ferax occur in Iund's list

for "neutrally alkaline" waters. Aphanomyces laevis

and Achlya americana were found in Iund's "constantly

alkaline" waters and three species were not recorded

by Iund.



The literature relating to
seasonal variation is SOmewhat more extensive than that
concerning distribution in relstion to pH. (see Peterson
(1910), Coker (1923), Forbes (1935), Morgan (1939) and
Goldie-Smith (1948).

Peterson (1910) was the
pioneer in the work on seasonal distribution. He showed
that in Denmark the Saprolegniales are generally found
from Spring until November and not during the Winter. He
attributed their absence during the Winter to the fact
that the habitats were frozen.

Coker (1¢23) in the intro-
duction to his monogreph gives the results of regular |
collections taken during 1912 around Chapel Hill, Carolina.
He concluded that there was some seasonal varietion in
distribution since although most of the species re record-
ed occurred 2ll the year round, some were found more
abundantly in the cold season and others in the warm
season. The four following species:-

Achlya racenosa

Isoachlyamonilifera

Leptomitus lacteus

Pythiopsis cymosa
were found only in the Winter and the Spring. There
were no species found SOIELY in the Summer. The great-

est number of species were collected in the Winter and
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the Spring, eighteen species being found during both there
seasons. Cnly eight species were found in the Summer and
ten in the Autumn. By calculating the percentage abun-
dance of every species each month, Coker was able to show
that most species occurred more frequently in the Spring.

One, Saprolegnia monoica was more abundant in the Winter.

Four species, Dictyuchus sterile, Leptolegnia caudata,

Pythiopsis humphreyana and Saprolegnia diclina were found

in greater numbers in the Summer and two species, Achlya

hypogyna and Aphanomyces spp. in the Autumn.

Forbes (1935) observed
a "marked periodic variation in abundance" in species
collected from ponds around Manchester. Four of the

species studied, Achlya racemosa, Achlya radiosa,

Leptomitus lzcteus and Saprolegnia monoica showed their

maximum frequency of abundance in the Spring and Sapro-

legnia ferax in the Autumn. These results agree with

Coker's findings (1913) and with Allen's unpublished work

in Bristol between 1932 and 1933 (see Forbes 1935).

Unfortunately, neither, neither Forbes' nor Allen's work

is complete as sampling did not take place during the

Sumrmer months. Morgan (1939) also found seasonal varia-

fion occurred but gave no details of the species concerned.
Goldie~-Smith (M.Sc. thesis,

University of London 1948) indicated that although her work

was not conclusive it did show that at certain periods of
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the year some species of the Saprolegnisles were more

abundant . Her observations on Saprolegnia fersx and

Saprolegnia monoica agree with those of Forbes.
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MATERIALS AND KETHODS
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Methods of Sampling.

Two methods of sampling,
one direct and the other indirect, were used. Since the
direct method of sampling was unsuitable for routine examina-
tions of the water, the indirect one was devised to enable
quantitative results to be obtained.

In the direct method,
surface sterilised fruits of hawthorn and tomato were
submerged in tubes in some of the sites. This method was
tried for only six months because although it proved
excellent for collecting Pythium species, the only members
of the Saprolegnizles caught in this way were those that
were extremely abundant in samples collected by the
method described below in which many more species were
collected.

| In the direct method, a

water sample was removed from the wsite and baited with hemp
seed, The method of sampling and baiting was standardised
so that the results from the various habita?s could be
compared. Preliminary investigations showed that the
number of species "caught" on the bait at any one sampling
did not wvary according to the volume of water sampled, the
same number of species being obtained in sampling jars
ranging in capacity from 25 ml. to 950 ml. It was found
that the number of species obtained during a sample did

vary accordipg to the depth from which the water sample



o C——

-11~ -

was taken. More species were collected from the bottom
than the surface waters of the pond or lake. For example,
baiting water from the South Pond in the Royal Holloway
College grounds resulted in six species being obtained from
a water sample from the surface and eleven from the ibottom.
This can be regarded as fairly typical of what happened
generally.

The standardised procedure
adopted at each sampling was as follows:-

The sample vas always taken
at the same place at the margin of the water where the
depth of water was four to five inches. Five similar

collecting jars were used at each sampling. These were

of 250 ml. capacity and had wide necks and screwtop lids.

The jars were inverted into the water until just above the
floor of the pond before being filled. FEach sample was
baited with ten éterile half hemp seeds as soon as possible
after this and never more than six hours after being filled.
Bach half hemp seed was suspended just below the surface of
the water on a sterile glass hook. The collecting jars
were kept in the dark for twentyfour hours in the laboratory.
(It nad been found that there was no increase in the number
of species colonising the bait after twentytwo hours).

After this period, the colonised
seeds were transferred to sterile distilled water in

crystalising dishes - five seeds to each dish. The
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depth of water was about 4 inch =nd contained crystalline
penicillin the concentration 2000 units/litre water to
depress bacterial growth. Thus ten dishes, each contain-
ing five hzlf hemp seeds were obtained from any one sample.
Half of these were placed in an incubator at 2200 and the
other half in a refrigerator at 5°¢c. These two tempera-
tures were selected because earlier experiments had shown
that some species develop their oogonia more freely at the
lower temperature. The seeds were examined once a week
for five weeks, the water being changed aftér each examin-
ation. It was found that some species did not develop
oogonia until the fifth week, there being a succession of
development on the seeds. In recording the frequency of
isolation of any one species, the two series were treated
separately so that the meximum number of possible isolations
forla species was twentyfive.

Experiments were made using
artificial bait in place of hemp seed in the hope that more
standard conditions might thereby be introduced. Agar
blocks containing different:‘concentrations of a water
extract of hemp seeds were éﬁbstituted for the half hemp
seeds but lackd time prevented a perfecting of this

technique and it was abandoned in favour of natural bait.
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The medium used to
obtain species in culture contained:-
1.5 g. maltose
0.4 g. peptone
20.0 g. agar
1000 ml distilled water.
The pufified cultures

were maintained in the laboratory on potato extract agar

except for Achlya polyandra, Achlya treasleana and

Saprolegnia monoica which were kept on Quaker Qat agar

slopes.
Stock cultures for use
as inocula in the physiological experiments were grown

in the & ove maltose - peptone agar at 2200.
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Water analysis

The hydrogen-ion
concentration and the temperature of the water were noted
each time samples of water were taken. The calcium,
megnesium and phosphate concentration and hardness of the
water of the habitats sampled regularly was estimated from
time to time.

Hydrogen ion concentration

A TLovibond comparameter
was used to determine pH. If the site sampled gave an
unexpected result with the Lovibond comparameter, such as
did the water of the South pond in April 1957, the results
were checked with a Cambridge pH. meter.

Herdness

Total hardness was
estimated by titrating 20 ml. portions of the water against
1% potassium palmatate solution. It was considered that
the titration was complete when the lather on the sample lasted
five minutes with the flask lying on its side.

Permement hardness was
estimated by titrating 20 ml. portions of 100 ml. water,
vhich had been boiled for one hour znd made up to 100 ml.
egain with distilled mater, against 1% potassium palmatate
solution, the end point being judged in the same wey as

with total hardness.
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Temporary harcdness
vas calculzted by deducting the permement hardness from
the total hardness.,

Calcium, lisgnesium end Fhosphste content

The procedure was
carried out as described by Thresh, Beasle and Suckling (1¢49).
In the cese of meagnesium, the amount of precipitate of
magnesium phosphate was estimated by means of a diffraction
spectrophotometer, In Deniges method of phosphate
determination, the degrce of blue colorstion was also
estimated by the diffraction spectrophotometer but relative-

ly few phosphate determinations were made.
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L3CRIPTION OF HABITATS
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The areas -of waters
sempled vwere selected so that they were as widely different
as possible. They were situated is various parts of
Britein and included lzkes like Loch Morlich (Invernesshire),
Malham Tern end the Winterburn reservoir (Yorkshire),

Llyn Cwellynt(Caernavonshire) and Virginis Water (Surrey);
moorland pools and bogs, lowland heaths as well as an
artificial pond in Surrey. The hydrogen ion concentration
of these vaters ranged from 2.6 to 8.0. Some of these
waters, as is indicated belovw, were sampled at regular and
fairly frequent intervals, others less frequently and some-
times sporadically.

Sites sempled regularly

. : The following five
habitats were sampled every two months with the exception
of South Pond II, Royal Holloway College grounds anc
Chobham Common bog which were sampled every month.

Malham Tern, Yorkshire

Gric ref: 24/89466%7

Height &bove sea level: 1250 ft.

pH. rasnge: 7.8 to 8.6

Calcium content: 83 to 102 parts/million
Nagnesium content: 13 to 15 parts/million

lialham Tarn is a shallow
leke on ordovician ghale, roughly half a mile square and up
to twelve feet deep. A peat bank, six feet hight, rises

from the western side of the tarn, while the other three
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sides are bordered by grassland. The lend on the north
side is basic ad on the east and south sides acidic. The
stream feeding the tarn drzins the neighbouring limestone
area and its water is alkaline,

The bottom of the tarn
isg rocky. Apart from two aress of vegetation where silt-~
ing occurs, the bottom is composed of calcareous boulders
of different sizes, Towards the middle of the tarn
extensive Chara beds are found. In the shallow areas the

boulders are colonised by X¥ontinalis antipyretica and algae

like Cladophore and Chaetophora.

The tarn has been sampled
in many places both around the edge and elsewhere at wvarious
depths. Site Sa was the only place sampled at regular
intervals, Two tree trunks lay in the water here which
ensbled semplipg to take plece 2bout & foot out from the
vater's edge at a depth of five inches.

South Pond II, Royal Holloway College grounds,Englefield
Green, Surrey.

Grid ref: 41/998705

Height above sea level: 150 ft.

pH. range: 7.6 to 5.0

Calcium content: 115 to 137 parts/million
Magnesium content: 95 to 100 parts/million

Sputh'Pond IT is a small
"artificial pond in the wooded grounds of Royal College,
Englefield Green, Surrey. Water drains into this pond

from South Pond I. Near the point of entry of the water
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the pond is shallow. The site s=zmpled monthly was
towards the other end and here the water is deeper and
even at the edge is eighteen inches in depth. The pond
is surrounded by Rhododendrons but around the pond's edge

ﬁryopteris filix-mas and Bguisetum sp. grew.

When the pond was first
samplec, from October 1¢56 to April 157, the pH. wes
regulerly 7.6. In April 1987, the pH. dropped suddenly
to 5.6, probably as the result of a change in the drainage.
The pH. remeained hercafter between 5,0 and 5.8.

Molinetium Pool (Site 1b) Yorkshire

Crid ref: 24,/889664

Height above sea level: 1250 ft.

pH. renge: 4.6 to 5.8

Calcium content: 26 to 35 parts/million
Magnesium content: 60 to 67 parts/million

The roughly circular
pool, five feet in diameter and about a foot deep in the
centre, is situated in acid pastureland dominated by

Jiolinia caerulea at the south end of Malham Tarn. The

source of water for this pool is mainly rainfall, but a
certcin amount . is surfece drainage from the adjacent
pastureland.

The bottom of the pool

consists of fine silt in which Glyceria fluitans grows.

At one end of the pool a clump of Juncug sgquarrosus is

“found. The following vegetation grows in the water:-
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Glyceria fluitans
Juncus sguarrosus
Carex nigra.

Chobhan Common Bog, Surrey

Grid ref: 41/969661

Height above sea level: 150 ft.

pH. raznge: 4.8 to 5.2

Calcium content: 8 to 22 parts/million
Magnesium content: 11 to 14 parts/million

This valley bog, on
Bagshott sands, is shallow and, although keeping its
character, is tending to dry up. It lies between two

low hills which are vhich are dominated by Calluna vulgaris

and Ulex minor. A stream, formed from the drainage

viater from the hills, runs through the centre of the bog.
A carr, composed of Birch and Willow with occasional sap-
lings of Scots pine, has grown up around the stream. On

either side of the carr, a sphagnum bog covers the valley

bottom. Sphegnum cuspidatum and Polytrichum commune

dominate the wetter parts while Sphagnum megellanicum is

very common in the dryer regions further up the hillside.
The following species were found azmong this moss:

Ericophorum angustifolium

Juncus articulatis

Molinea caerulea

Eleocheris palustris

Drosera rotundifolia ‘

The site sampled

regularly each month, was abog pool normally about four

inches déep. It was surrounded by Polytricum commune

and contained Sphagnum cuspidatum.
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Tarn IFoss (Site 6b) Yorkshire.

Grid ref: 24/829670

Héight =zbove sea level: 1250 ft.

pPH. range: Ze6 to 4.8

Calcium content: %5 to 3¢ parts/million
fagnesium contents 11 to 40 parts/million

Tarn moss is an old
raised peet bog on the west side of Malham Tarn, Small
pools of very acid water are everywhere on the Callunetum
on the peat. One of these pools was sampled regularly.

Site 6b was about four
feet long by a foot wide in area and normally ebout four
inches deep. The water level was maintained by rainfall.
The vegetation growing in the water is dominated by

Eriophorum angustifolium. The leafy liverworts,

Calypogeia trichomsnes and Cephaloziz bicuspidata were

found growing zmong the submerged stems of the cotton grass.

At times vast zmounts of Ulothrix sp. were also found in the

water. Bordering the pool is the following vegetation:-

Briophorum angustifoloum
Eriophorum vaginatum
Molinia caerulea

Calluna vulgaris

Junecus sguarrosus
Cempylopus pyriformis.

Sites sampled freguently

Three of these habitats,
The Winterburn reservoir, Carex nigra sweamp and Fountains
Fell Tarn were sampled regularly from March to September
1957 and in April 1988. Fountains Fell Tarn was also

sampled in October 1956 and the Carex nigra swamp in




November 1257. Virginia water was sampled monthly from
November 1957 to November 1958.

Winterburn LFeservoir, Yorkshire

Grid ref: 34/946611

Height above sea levels 700 ft.

pH. range; 7.2 to 8.2
Calcium content: 72 parts/million

The Winterburn reservoir,
which lies asbout seven miles southeast from Malham Tarn, is
roughly half a mile long, It is subject to very consider-
able fluctuations in its water level and when low, Eguisetum
sp. grows on the exposed rud.

Virginia Water, Surrey.

Grid ref: 41/97968%7

Eeight above sea level: 136 ft.

pH. range: 7.2 to 7.4

Calcium content: 64 to 74 parts/million.

This large ornamental
lake extends for over a mile in an east-west direction in
Windsor CGreat Park, The lake, surrounded by trees, is
relatively shzllow and was drained dry during the 1939/1945
WaT.

Carex nigrs swamp (Site 4b) Yorkshire.

Grid ref: | 34/889672

Height above sea level: 1250 ft.

pH. range: 6.0 to 6.8 .

Calcium content: 35 to 37 parts/million
iegnesium content: 40 parts/million.

This site is in a
slightly acid swampy area on the northwest corner of Malham

Tarn. It is sheltered on one side by willows and on the
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other by rhodedendrons. The swamp itself is dominated by

Carex nigre, and associated with this is:-

Caltha palustris .
Cardamine palustris
Eriophorum vaginzstum
Polentilla pelustris.

Fountains Fell Tarn, Yorkshire

Grid ref: 24/66789¢
Height zbove sea level: 2100 ft.
pH. range: 3.8 to 4.6

This small highly acid
tarn is situated just below the summit of Fountains Fell.
The top of the fell is composed of peaty moorland dominated

by Veccinum myrtilis. The bottom of the tarn, although

predominantly sandy, is peaty in places.
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Sites sampled occasionally

Apart from Ea ¥irve
and the stream from the tarn, 211 the habitats in this
section were sampled once. Ha lire was sampled twice
and the stream from lalham Tarn, three times.

Stream draining Malhem Tarn, Yorkshire

Grid ref: 34,/893659
Height =zbove sea level: 1225 ft.
pH. renge: 7.4 to 8.2

This stream ran for
half a mile before disappearing underground. For zbout
half its length it travelled through acid grasslend.
The stream's alkaline waters were sampled once in the
limestone area and twice in the acid grasslend,

The pool in Great Close Mire, Yorkshire.

Grid ref: 34/205663
Height sbove sea level: 1250 ft.
oHs - . L. 7.6

Small Pool. near Loch liorlich, Invernesshire

Grid ref:
Height above sez level:s
pH. = " 7.4
This pool in the
Rothiemurchus forest was sampled by the Royal Holloway
College's botanical expedition to Scotland in July 1957,

as were the other two waters in this region. The pool,

was overgrown with Spargenum ramosum.

Temna covered pond (S1), Surrey.

Gricd refs 41/¢75682
Height sbove sea level: 200 ft.
pH; €.7

Toch Morlich. Invernesshire. 6.1

pH:
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Ha Mire, Yorkshire

Grid ref: 34/667899
Height above sea level: 1250 ft.
wH. rasnge: 6.2 to 6.8

This pond, containing

Potemogeton sp. is in the marskhy ground to the east of

lialham Tarn.

Pond near Velley ¥nd, (S5) Surrey.

Grid ref: 41/967641
Height above sea level: 200 ft.
DH: 6.0

Studland (Littlesea), Dorset.

Grid ref:
Height ebove sea level: 20 ft.
pH: 5.8

Ilyn Cwellyn, Caernavonshire

Grid ref: 23/575581
Height zbove sea level: 800 ft.
pH; 5.8

Thurzeley Fond, Surrey.

Grid ref: 49/8¢1415
Height above sea level: 200 ft.
pH3 5.6‘

Fond at edge of Chobham Common, Surrey.

Grid ref: 41/966643
Height above sea level: 200 ft.
TH: 5.4

Berks Tafn, Yorkshire

Grid ref: ‘ 24/752028
Height above sea level: 2000 ft.
pHs 3.6




DISTRIBUTION IN NATURAL WATERS.
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Distribution in waters of different pH.

General distribution.

During this investigation samples from
twenty-two naturgl waters were studied and twenty-seven
species of the Saprolegniales were isolated. Table 1.
lists the species hitherto recorded in the British Isles
and on it twenty-two of the species found during the
prssent investigations are marked with a cross. The
remaining five species have not been previously recorded
in Great'Britain and are:-

achlya glomerata

A. hypogyna

4. treaslezns
Saprolegnia latviaca

8. litoralis.

Howarth found Achlva treacgleana, Saprolegnia latviaca

and Saprolegnia litoralis in Chobham bog but did not

publish her findings. Achlya glomerata has been recorded

from North America and Germany, and Achlya hypogyna

from North America, Germany and China.

Distribution and piH.

The distribmtion of the twenty-seven species
in relation to the pH. of the water of the habitat is
shown in Table 2. It was found that the greatest number
of species were found in the habitats where the pH. of the
water was in the range 7.4 to 5.6. Graph 1. gives the
data from the sites sampled more than four times. Seventeen

species were found in the Carex nigra swamp where the pH(6.4)
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Table 1,

Fublished records of members of the Saprolegniales
found in the British Isles ~ Aquatic species.

X Achlys emericana Bumphrey
x Achlys epiculszts de Bary

Achlyae aviculata war.
~ prolifers

Achlya carolinisna Coker
x Acklye colorata Pringsheim
Achlys conspicus Coker
Achlya corruta Archer
Achlys Crustoss , Coker
Aichlyve debaryans Humphrey
X Achlyg flzgellcta Coker
Achlya xlebsisna Peters
X Achlva megpasperma Humphrey
x Achlys coblongata de Bary
Achlya oblongata var.
gigantica Forbes
X Achlya oligocantha de Bary

X Achlye polyezndra

x Achlya reremosa Hildebrand

x Achlya rediosa Maurizio
Achlys Trecurva Cornu
Achlva spinosa de Bary
ipleanes androgynous
iphanomyces eutickhes  Dreschler
Aphanomyces parasiticus Coker

X Aphanomyces lsevis de Bary
Aphenomyces_scaber de Bary

X Avhanomyces stellatis de Bary
Dictyuchus monosporus Lietgieb

x Dictyuchus sterile Coker
isoachlya eccentrica  Coker
Isoachlya monilifers

x Isocachlyas toruloides
Isozchlys unisperns Coker & Couch

X Pythiopsig cymosa de Bary ‘
Pythicpsig intermedia Coker

% Saprolegnis anisospora Coker

x Sevnrclegnis astercphora de Bary
Seprolepnlia crustosa

var 11 Iaurizio

X Sevprolegnia celics Coker

X Saprolegnia diclinsa Humphrey

x Seprolegnia fersx (Gruith) Thuret

X Saprolegnia mixta de Bary

x Szpnrolegniz monodica Pringsheim

x Szprolegnia monoica .
T var. glomerata Tiezerhausen
Szprolegnia paradoxa  Maurizio
Soaprolegnia torulosa de Bary

Achlve, orion

Hilcéebrand

Acklya rrolifera

Calyptrolegnia

Brevilegnisg diclina Harvey

Jeptolegnis sh.

Tnraustotheca clevats (de Bary)
Humphrey

Geolegnia Sp.

Coker & Couch

Coker & Couch

Coker & Couch

Trow, Remsbottom, Forbes,
Cook & liorgan
Remsbottom, Forbes, Cook & Ilorgen

Torbes

Forbes, Cook & lMorgan
Remsbottom, Sparrow, Forbes,Brown
Forbes

liasee, Ramsbottom
Cock & Morgen

Trow, Forbes

Cook & Iorgen

Eorbes

Forbes

Forbes

Forbes

Haines

Forbes

llassee, Trow, Remsbottom, Forbes,
Cook & liorgsen

(Nees), de Bary Trow, Forbesg

Ramsbottom, Forbes, Cook & Iorgen,
Prown )

Forbes, Cook & Morgan, Brown

Forbes

Ramsbottom

(Archer)Humphrey Ilfassee, Remsbottom

Cook & lorgan

Sparrow

Trow, Coock & lMorgan

Cook & liorgan '

Massee, Trow, Cook & Ilorgan

lMassee, Ramsbottom, Barnes &
Iielville, Forbes

Sparrow

Cook & Morgen

(de Bary), Coker.Coock & lorgan
Kaufman & Coker Cook & l'orgen, Brown

Cock & liorgan, Brown

Cook & Morgen

Cook & Morgen

Kevwby

Sparrow, Forbes, Cook & lMorgen

Erown

Brown

Trow, Cook & Iorgen

liassee, Trow, Remsbottom, Forbes,
Cook & liorgan, Brown

Trow, Forbes, Cock & Iliorgan,Brown

I'assee,Forbes,Cook & liorgan,Brown

Cook & Morgen
Forbes, Brown, Newby
Remsbottom

Forbes

Forbes

Forbes

Coock & Morgan, Spaerrow,
Barnes & HMelville
Barnes & Melville

X Species found also in this investigation.
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Table 2 6o 7% 787 7.8 yautol 7.k 74 eIbo bk 62 Lito bolo 58ty 5.6 5810 54T s-hts 52 s o «o 2bto
species in the different waters .
Achlya dligocantha e “+
'S‘ai:;rolegnia' inixia 7 ¥ +
V{Lchlya polyandra S " - "
Pythiopsis €ymosa + +
Saprolegnia ferax 7+ + - “ . " + 4 n “ + - + +
Achi}a. fiaé;ellafa o ' - + “ 4 4 N . N .
Achlya radiosa S . L 4 + 4 W - N
;lml;xaﬁox&ces laévis -+ '-f- -+ R + :,' 4+
| Di-c:tyiz‘chus sterile ‘ +
—Achlya boblongata - ) Vl T o ' + o+ N . +
Achlya glomerat'a ' + ‘ -+ +
7 Sapi;olégnis anisospora 7 . -+ 4
Achlya meéaspel;ma v o i ”T‘w‘ o S
Achlya apiculata 7 7 B 7 A,,‘, h + o _*_ + + -
Ié&re;;fl‘iya- toruloides ) o + ) n . +
Achlya racemosa o + + + + L +—
7 A.éhlya colorata ' + -+ + FU, - "
_4chlya hypogyna . T, + -+
Saprolegnia diclinar + + -+ + 4 ~ “+ —+ + -
éapréiéénxa»ﬁofxzéic;;” e o _,_ + &4 [T T T -
Aphanomyces stellatis ) “+ + 4 i + B
”Sappglegrnia delica + + —+ + -+ —+ ~+ - + -+ 4+ -+ - + +
Achlya zmericana N “ o+ + o+ o+
Saprolegnia litoralis ' ' : : -+ -+ + —+ + + T + + o+ +
Saprolegm.a e;s;cérdphbirar ‘ . 4+ -+ -+ 7 + "‘ + ”'* “"
Achlya treasleana » . ‘ . ; : : : L C — -+ + L+ + +~ -+
- ) ) R A -

Saprolegnia latwiaca : . ; o T T f
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~came in the middle ot this range. Six were fggnd in

Malhiam Tarn (pH. 8.0) and seven in FountainijT;rn (PH.3.6).
It can be seen in Table 2. thet the fungi col-

lected fall into three groups according to the pH. of the

water in which they occur:-

1. Acid group - Comprising those species found in
soft waters, i.e. with a pH. below 5.2.

2+ Alkaline group - Containing species foﬁnd in waters
: with a pH. above 7.8.

3. DNeutral group -~ Comprising species found over a wide
range of pH. between 7.4 and 5.2.

l. Acid groupa. .

Five species are characteristic of waters
where the pH. ranges fiom 5.2 to 3.6. They ares-

Achlya americana
Saprolegnia litoralis
Se.asterophora..
Achlya treasleana.

S. latviaca.

Two of these, Achlya treasleana and Saprolegnia latviaca

appear to have a restricted range, Saprolegniag latviaca

not having been found above pH.5.0, and Achlya treasleana

and Saprolegnia asterophora showed a wider range and extendeq
D g

\
not above pH. 5.8. Achlya americana, Saprolegnia litoralis .’
into waters of pH. 6.4. y

I

Four other species, Saprolegnia diclina, S.delica,

S.monoica and Aphanomyces syeilatishere also. collected |

from acid waters. They hmve not been includéd in this
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group as they extend over a wider range of pHj; haviﬁg been
found in waters of pH. 7.4. As will be shown lzter, (3.27)
most of these species were most frecuently isolated in
waters where the pH. was zbove 5.2.

2e Alkaline groumn.

The following seven species were isolated

fiom waters where the PH. was 7.8 or higher. Of these,
four s_ecies can be considered as characteristic of
alkaline waters:-

Achlya oligocantha

Saprolegnia mixta

Achlya polyandra

Saprolegnia ferax.

Three of these, Achlya oligocantha, A. polyvandra and

Saprolegnia mixts were not found in waters below pH.6.4.

Saprolegnia fersax had a much wider range and was found in

waters of pH.5.2 Three or these four species, Achlya

polyandra, Saprolegnis ferax and S.mixta were freguently

found. Achlya oligoeantha was only observed a few times.
The four species:-

Pythiopsis cymosa

achlya flagellata

A. radiosa

Aphsnomyces laevis
although isolated occasionally from aikaline waters,
occurred more frequently in the pH. range 7.6 to_5.6 and
will be considered azs members of the "neutral" group.
. lNeutral group.

The majority of species were found in waters

ranging £rom pH. 5.6 to 7.4. The fungi can be dividedl
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into three subgroups:-

cub froup (o) - contazins the fungi confined

to the range pH. 7.4 to 5.2. These were:-

Dictyuchus sterile
Achlye oblongata

A. glomersta.
Saprolegnia anisospora
Achlya mega=-sperma

A. apiculata ‘
Isoachlya torulnides
Achlye racemosa

Ae. colorata

A. hypogyna.

Sub group (b) - are found in more alkaline of

these waters (pH. £.0 to §.2)., Tor example:-

Pythiopsis cymosa
Ackhlye flagellata
A. Tradiosa
Aphanomyces laevis.

Sub_group (c¢) - Fungi of the "neutral” group

which are also found in more acid waters (pH. 5.6 to 4.5).
The following four fungi fall into this sub group:-
Saprolegnia diclina
S. monoics

Aphzhomyces stellatis
Sapraolegnig cdelica.

It ig interesting to note the dastribution
of species in South Pond 2., XFrom November 1¢E6 to April
1957, when the pH. was 7.4, two species with an alkaline

distribution, Aphanomyces laevis and Pythiopsis cymosa

were collected., In April 1957, vhen the pH. shifted

markedly to the acid side (pH.5.6) these species were no
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longer found, but Achlys hypogyna, a species of more

acid waters, was isolated freguently.

Frequency of igolation of the species in_the three groups.

The number of half'hemp seeds on vhich each
fungus occurred in a sampling is referred to as"gﬁe fre-
guency of isolation of the species. This was used in the
investigation as a measure o:r th: sbundance of the zoo-
gpores in the waters concerned. Thus, 20% means that the
fungus under investigation occurred on 5 hzlf hemp seeds
out of a2 maximum of 25. This method of expressing the
freguency of isolation may be criticized since each
sampling consisted of five aishes each.containing f;ve half
hemp seeds. It was thought, however, that by the time a
fungus infecting one of the half hemp seeds produced its
zoospores, the other seeds in the dish would be too crowded
with'fungi to form a suitable éubst"atum for a fresh goospore
‘infection. It is in fact known from observation thit a
species may occur on only one seed of the five in a dish.

The frequency of isolation of each species
was found from the seven Lollowing habitats:-

Malhem Tarn

Winterburn Reservolr

Carex nigra swamp

south Pond 2

lolinetium swamp

Chobham Common Sog

Tarn MNoss.

Seven samples were taken from each habitat during the periog
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1¢66 to 1CE7, =o that the tot:1l possible number of izole-
tionrs for each species was 178, Tor convenience this was
reduced to z percentage. The totals for the seven sites

are shovwn in Teble .

It can be seen from the tazble, that the
species that are here regarded as charscteristic acid
species hove their maximum percentzge frequency of isolation
in waters of pH. 5.0 to 4.0, znd were not Tound in waters

. wes &bove €.4. The maximum percentage fre-.

b

vhere the pl

3

guency of isolation for "alkaline" csprecies was in the range

8.0 to 7.8, 1Ilone of these species vas found below pH.5.2,
cpecies assigned to ths '"neutral" group were

found in greatest numbers between pH. 5.2 tnd 6.4; z2lthough

baerolegnis meonoica was exceptionzl in shoving a maximum

percentage frequency of isolstion at pH.S0, although

range extends to pH.7.6. The averzge freguency of isolation
or each sub group of the "neutral" species have been dravn
out separately in Craph 2. It cen be seen from this graph
that the species of sub group (c¢) are of the most frequent
occurrence znd they re found in greatest numbers between

PH 6.4 cnd 5.6. Those species considered to belong to sub

group (b) were found in the smallest numbers Lut again these

species are found most freguently in the raenge »H €.4 to £.6,

The greph for sub group (&) differs from these #wo in that

PE £.8 and the

ck

the maximum frlouency of isolation was a
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g reph £loped steeply on either side of this point
instead of falling off gradually on one $ide or the

other as shown by sub group (b) or (c).
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Toble O Percentage £frequency of isolaiion'of species found
in the sites sampled regulerly during 1956 and 1937
Group Species Site
Malham VWinter- South Site Site Chobhex Tarn
Tarn burn Pond 4b 1b Log loss
Res. 11
pH. 8.0 7.8 5.6 6.4 .2 5.C 4.0
WAlkaline" Achlya oligocantha 16.,C 10.0
0 Saprolegnia mixta 24.4 26.0 -
" Achlya polyandra 6542 30.0 2.0
" Saprolegnis ferax 62.4 65.2 22.0 75.2 £86.,0
"Heutral® Fythiopsis cymosa 0.4 4.0
" Achlys flezgellata 1.2 17.2 26,0
" 4Achlya radiosa C.6 Ze -
wo .. Zphsaomyces leaevis 0.4 4.0 245 l.2 5.2
" Achlye cblongata DL 21.6 1.2
" Achlye glomerzts 244 1.2
" Achlys spiculata 17.6 e i
" Achlya racemosa 42,8 15.2 66,0
n Achlys colorata 7.6 o2
" aciilya hypogyna 2.4 Cel .
" Seprolegnie dicline SC.4 C.0 De2 4,4
T Saprolegnisz delie~ 4044 Jle2 33.2 o £.2 18.8
" Aphanonmyces stellatis Ce& 44.0 6.8 10.¢C 2¢4
"Acidn Saprolegnia monoica _ 2¢.0 41e4 24,4 54.8 3C.8
" Achlya americana 7e2 0.4 32.0 ©82.4
" Seprolegnia litoralis Ce2 RZ.2 4.4 42,4
"o SerTpolegnia asterophora Tel 162 25,2 12.0
" Achlya treasleena 16.0 25,6  10.8

" Timy ot - S
Seprolsgnia latvisaca ' 0.4
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Distribution according to Tepth.

Thz floor of IMalham Tarn was samoled at
different depths of water ranging from five inches at the
edge to twelve feet in the centre. These samples from the
floor of the lzke wers obteined by means of a modification
of Iund's method of sampling algae (1949).

A rubber tube, cepable of holding 250 ml.
veater and stoppered «t one end, was lowered to the floor
of the lake, the stoppered end rirst. Vhen the bottom of
the lske had been reached, the other end of the tube was
gently lowered Ly means of string, until the tube was lying
on its eice. “hen the bublles of air displaced frem the
tube by water, had ceased rising to the surface, the tube
was hauled to the surface and the sample’ placed in &
collecting jar.

It was found that the water moulds
did not appear to be restricted to the waters around
the margins of the lake. The freguency of igolation
of the species was also similar st all depths investigated.

Thus in July 1957, Seprolegnia fersx showed 10C% freguency

of isolation at five inches, five fett and twelve feet.

e




Beasonal Variation.

An analysis 6f the results obtzined from
the five rlaces sampled regularly gave evidence ‘that the
vatermoulds chov se?éonal fluctuations in their occurrence.
Three of these sites, Ilizlham Tarn, Molinetium Fool znd Tarn
lI-oss were sampled every two months from November 1¢E6 to
Vovember 1¢57. 1In the other two sites sampling was con-
tinued until summer 1958.

In Greph 3., which shows the total number
of speciegisolated'from these five sites throughout twelve
months, it can be seen that there vas a pronounced drop in
the numter of species occurring in the summer. Iine species
were found in July, as opposed to seventeen in May, and
fifteen ;n September. During the winter monthd the numbers
fluctuated betveen sixteen and eighteen.

Graph 4. shows the total number of species
collected from &ll the habitats studied. It shows a similar
pattern of periocdicity but 1t is noteworthy that there is a
slight peak in the spring. This will be discussed later.

Graph 5. shows the separzte results for the
five sites which were used in Craph 3. It can be seen that
the occurrence of species during the year follows the same
overall pattern in both acid and alkaline habitats. The
numbers of species from South Pond 2 hove been given from
April 1957 to April 1¢88, as the change in pH. in March 1987
may hove complicated earlier results. Chobham Common Log

was sample@ét monthly intervals for two years. It was




- 370 -

b
| !
l 20
| tef .
\
| te |- /
| ! 4]
“ 12 L.
"
w ‘
5 - .
¥ 10
i [ 2]
i 8 8L X
! ) « ‘
! 3 6
‘ . ;
} Z 4
21
(o) ] ) 1 | ] 1
NOV JAN MAR MAY Iy SEP NOV
1956 1957

Graph 3 Total number of species from the sites sampled regularly
during 1956 and 1957.



during 1956 and 1957.

T /
T4
w
U .
w
a
N
[T 8
o !0}t
@
w
a
P
=
z
o | 1 ) 1 L 1
NOV JAN MAR . MAY Juy SEP NOV
1956 1957
1
Graph & Total number of species from all the sites sampled



o

- 33 -

MALHAM TARN  pH 80 8 MOLINETIUM POOL  py S-3
w
w 6 6L
)
- -
a
]
3 4 L/\ i 4
« . \
: N ' —
§ 2} 3 2L
z \
[} e L s 1 1 ) [e] 1 1 4 1
MOV  JAN MAR MAY JLuy SEP NOV NOV JAN MAR MAY JLY ‘3 NOV
1986 19857 98¢ 1987

SOUTH POND 2  pH. $6

W

S

APR JUN AUG OCT DEC FEB Arm
1957 1959

.- -
* CHOBHAM COMMON BOG pH %O s r TARN MOSS pH 4

/ A \ .
! : \
\ \ /
a3 al /
~
(5]

1 2 " 1 1 3 F] I 1 1 1 n ]
OV JAN MAR MAY JLY SEP NOV NOV  JAN AR MAY JLY SEP NOV

19
19561957 s6 1987

-—— 1957- 1958 .
HOWARTHS RESULT ~ CHOBHAM COMMON B80G

Wy

L . R . " \
OCT DEC FEB APR JUN AUG OCT
195 1952

o
o

v

Graph 5 The number of species isolated from habitats sampled
at regular intervals throughout the year 1956 - 1957,
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unfortunate that sempling could not tzke place betveen
Asugust and September 1¢57. During 1951 and 19252 the bog
was sempled every month by Howarth (unpublished data). She
found thit in August and September the number isolated re-
mained lowe. The graph of her results is given for comparison
Graph &. also illustrates how cduring certain
months there occurred a curious fzll in the numbsr and fre-
quency of species isolated. This appeared to be due to the
bait being heavily colonised by bacteria vhich depressed the
growth of the fungi. The «drop occurred during the period
when the changeover from winter to spring conditions might
be expected. In most sites the drop occurred during
February and liarch 1957. Chobham Common bog also showed a
gsimilar fall in the number of isolations in November 1987.
It is probeble that the large numbers of bacteria present
on the bait may have been due to a large bacterial population
in the water at these times,
The low percentgge of isolations obtained by
Coker (1912) in February and December of that year may have

been due to the same reason.
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Further analysis of the results indicated that

individual species showed different types of periodicity

throughout the year.

Tab}e 4 shows the distribution in

time of the twentyseven species isolated between 1956 and 1957.

Table 4. Seasonal distribution of the species in all the sites.

Noy. Jan., Mar. May Jlv. Sep. Nov.

Species.

Achlya americana ++
A. apiculata s
A. colorata e
A. racemosa ++
Aphanomyces stellatis +
Saprolegnia delica ++
Achlya radiosa X
Dictyuchus sterile
Saprolegnia ferax +4+
S. litoralis +
Achlya flagellata +
Achlya treasleana +4+
A. hypogyna +
A. oligocantha

Achlya polyandra >
Saprolegnia asterophora+
S. diclina +¢
S. mixta ++
S. monoica +4
Aphanomyces laevis +
Pythiopsis cymosa >

Isoachlya toruloides +
Achlya glomerata

A. oblongata X
A. megasperma
Saprolegnia anigogpora x
Saprolegnia latviaca

+4

++1++

X2

-

-+

MM+ + &+ 4

*

MM MMM T+ g

1 <+
+ + + + "N+

MMN4+ + & 4+ 4

++
-*
+
+
-

o

+
o
e
++

o+

-+

++

-,

g
+
-
-’.
X

"Constant
species

"Summer"
species

"Winter®
species

The data given in Table 4 were obtained from

all the habitats.sampled. The more abundant species have

been shown by a cross (+).

When percentage frequency of

isolation of any one of these species was more than 50%

two crosses have been used,

Species isolated infrequently
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have been shown with a diagonal cross. The species have
been placed in three more or less distinct groups related
to their time of occurrence "Winter", Summer," and "Constant!

species., These will be considered separately below.

Winter species

There were thirteen species which
occurred during the Winter and were not isolated in the
Summer. Bight of these species were commonly found. of
these eight species, four were absent from collections made
from May to September, one from June to November, and three
from June to August. They ares:=-

Absant May to September

Aphanomyces laevis
Achlya polyandra
Isolachlya toruloides
Pythiopsis cymosa

Absent June to November

Saprolegnia monoica

Absent June to August

Saprolegnia diclina
Saprolegnia asterophora
Saprolegnia mixta
Two of the remaining five species

Achlya megasperma and Saprolegnia latviaca were rare speciss

and  the three .others, Achlya glomerata, Achlya oblongata and

Saprolegnia anisospora were found only occasionally even in

the wWinter. As yet ., there is not enough evidence to confirm

that these five species belong to the "Winter" species group.
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They are included here as they were isolated only during
the Winter and Spring. It might be expected that a species
found occasionally in an area would be isolaied at a time
when it was at the peak of its activity.

In éraph 6, the total number of
isolations of each group of species found every two months
is expressed as a percentage of the possible total. It can
be seen that the Graph for the "Winter" species shows that
the number of isolations falls off as the Summer advances
and begins to build up again in the Autumn, The percentage
frequency of isolation of four of the "Winter" species is
shown in Graph 7 and it can be observed that these show
similar but not identical patterns in their frequency. In

November 1957 both Saprolegnia mixta and Saprolegnia monoica

show a decrease in the percentage frequency of isolation.
This was caused by large numbers of bacteria being present
in the water samples and then being transferred to the hemp
seeds and there reducing the growth of these fungi.

Summer species

Six species haveAtheir highest
fréquency of occurrence in Summer and a low frequency of
oceurrence during the coldest months (January to March).
These ares-

Achlya flagellata Achlya treasleana

A. hypogyna Saprolegnia ferax
A. oligocantha S. litoralis
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Percentage frequency of isolation of "winter" species

from November 1956 to Novenmber 1957,
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Achlya hypogyna and Achlya oligocantha were found only

occasionally and althdugh not present during the Winter;

there is not enough evidence to state categorically that

they do not occur then., The remaining four species, while
oceurring throughout the yéar, had their highest percentage
frequency of occurrence during the Summer months, (See Graph 8).

At first sight, Achlya treasleana

does not appear to belong to this group. In both the years
1956-1957 and 1957-58, the percentage frequency of isolation
was 100% in April and December. However, the number of
isolations fell off in January and by February the percentage
frequency of isolation was less than 40%. Since the "Summer"
species have been defined as those with a low frequency of
isolation during the coldest part of the year (January to
March) there seem grounds on the slender evidence available
for including this species with the "Summer" group.

Constant species

Six of these species shown in
Table 4 occurred throughout the year 1956-1957 whereas the
other two were found at infrequent intervals. This group
contains: -~

Achlya americana
Achlya apiculata
Achlya colorata
Achlya racemosa
Achlya radiosa
Aphanomyces stellatis
Dictyuchus sterile
Saprolegnia delica



——

SAPROLEGNIA FERAX

- 383 -

SAPROLEGNIA LITORALIS

106 100
8
- /.
< 8ol /. \ 80
3 . \ -
2 \ .
3 ¢o . 60
> -
v \
2z
g 40 40 .
o L
e .
w ~J
=~ 20| 20f
—/
(o] " N N 2 N 2 [e] i 1 L 1 1 —
NOV JAN MAR MAY JLY SEP NOV NOV JAN MAR MAY JLY SEP NOV
ACHLYA FLAGELLATA
80,
60¢L
ST
. \.
40|
201
\ Y
o] N N N 1 i
NOV JAN MAR MAY JLY SEP NOV
ACHLYA TREASLEANA ACHLYA HYPOGYNA
80
80 _ r
60 | . - 1e] 8
40| K 40|
./
— . .
20| 20|, N\
-/ iy '\
./.__.
0 4 L 4 4 % N U _— A i L1 i
NOV  JAN MAR MA JLY  SeP  HOV NOV JAN MAR MAY JIILY  Sep

Graph 8 Percentage frequency of isolation of the "summer"
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With the exception of Achlya radiosa and Dictyuchus sterile

they are all species which occur commonly and have a percentage
frequency of isolation of over 10% throughout the year. Graph é
shows the total percentage frequency of isolation of the six
commonly occurring species.

Graph 9 shows the percentége
frequency of isolation of seven of the "Constant" species.
It can be seen that in this group there are fluctuations in
frequency but these do not occur in the same time of the year
as in Summer species. It is possible that a wider study
would reveal "Autumn" and "Spring" species.

Some species such as Achlya racemosa

and Achlya radiosa show a similar percentage frequency of

isolation all the year round. Aphanomyces stellatis, although
found throughout the year, has a high frequenecy in Spring.

Others, like Saprolegnia delica and Achlya apiculata have a

high frequency during the Autumn. Achlya americana and

Achlys colorata have a high percentage frequency percentage

in the Winter and, although found in the Summer, their
percentage frequency was very low. These resemble the
"Winter" species in their frequency of isolation except that
they are found during the Summer months.

It is probable that the Spring péak
in Graph 2 which occurred in May, is due to both "Summer"

and "Winter" species being presemt together. The rise in
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Autumn is.probably brought about by the return of the
"Winter" species to zoospore activity. The change in
temperature, light intensity and release of nutrients in
the water may all contribute to the return to activity of
these species,

Since these results represent the
observations of one season, the evidence for seasonal
variation must be interpreted with caution. However, the
results of sampling during the second year in Chobham

Common bog confirm those obtained the first year.






This section hes been divided into two
parts. In Part I. the effect of temperature on growth
and reprocduction ic described. These experiments vere
carried cut in ¢n attempt to find wvhether the “winter",
"summer" and Ycenstant" species showed different tempera-
ture recuirements for growth and reproduetion, Ixperi-
ments carried out to investigate any correlation between
pH. end the effect of phospghate, carbonate cnd calcium
ions on reproduction cre described in Fart II.

The following eight species were selected

for detailed worke. They were originally isolated

from
hyphel tips:-
Fame Pistribution.
"Winter" Achlya "alkaline® group.
species  rolyandra. ) o
Szprolegnia "neutral"’ group with eacid
. imonoica. trend.
"Summer Achlya "neutrzl' group with alkaline
species. flagellata. ) tren@.
Achlya "meutral" group with acid
hypogyna. trend.
Seprolegnia Pelkaline" group.
ferax.
Saprolegnia "acid" group.
litoralis.
"Constant” Achlya zeid” group.
species. emericana.
o g A 1] -t r;l" ~ ~ ‘,'J-h ~ 'd
Seprolegnia neuvtra group.with acid

delics. : trend.



The species were maintained on maltose-
peptone agar in petri dishes at £2°C. The stendard
inceculum for all experiments was taken from these agar
plates., It consisted of agar discs 7 mm. in diameter,
one of which was added to each petri dish used in the
experiments,

Grovth was estimated by measuring the
average ciameter of the colonies daily.

When fectors affecting the asexual
reproduction of the fungi were being investigeted, a
heenocytometer elide was uSed to count the number of
zoospores in samples of water taken from petri dishes
in vhich the fungi hed been growing tor a week. Although
accurate, this method was lengthy znd & guicker method
was devised and more frequently used. This relicd on
thé zoospores, produced by the fungi in liqguid culture,
swirming away end germinating to produce separate
mycelial colonies. By counting the numbers of these
new colonies after two days, before the parent mycelium
had reached the edge of the plate, 2 rough estimate of
the number of zoospores produced could be made. This
method, although crude, was quick ond did give & rough
indication of zoospore production under different

conditions.
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Tsmeerature

The effect of temperature on growth,
sexual reproduction and Zdospore formation may con-
tribute in all cases towards seasonal periodicity.
The following experiments have been carried out on
the eight selected species in order to investigate
the action of temperature on their growth and
reproduction,

Vegetative growth

The amount of vegetative growth at
5%, 189, 22°, 24°, 27°, 30°, and 37°C. was estimated
visually: after five days. The results have been

0

summarised in Table 5, No measurements have been
given and instead the relative growth is shown by
crosses., It was not possible from the temperatures
us@d to deduce the optimum temperature for growth.
These experiments need to be repeated under condition
where grovwth can be made to occur at constant
temperatures between 50 and 18°C. No facilities

were available for this when the study was carried

out,




Table 5. -

Group.

Miinter®

wJonstant "

-l -

LEffect of temperature on growth in

liquid culture after five days.

opecies.

Achlya
polyandra

Saprolegnia .

monoica

Achlya
americana

Saprolegnia
delica

Achlya
flagellata

A. hypogyna

Saprolegnia
ferax

S. litoralis

.50

11

11

11

11

111

11

18°

1111

11111
11111
11111

1111
111

11111
11111

220
1111
11111
1111
11111

11111
111

11111
11111

2r® 200
11 1

1

111 1
111 11
11111 111
111 11
1111 111
1111 111

-

11111~

less than 1 c¢m. growth:
more than 5 cm. growth.

It can be seen that the ¥summer,

tywintexr!

and Y“"constant" species tend to have different temperature

requirements for growth.

The "winter" species do not

tolerate such high temperatures as the other groups.

Crowth ceased with Saprolegnia monoica at 27°C., and

with Ac¢hlya polyandra between 30° and 32°C. The

meximum temperature of the "summer" species was higher,

that of Achlya flzgellata being near 40°C. and the otheré

about 33° to 35°C.

Thecmaximum temperature of the

"constant" species, although similar to that of the .
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majority of the "summer" species, was slightly lower.
i The above experiments were repeated
using glucose instead of maltose in the medium and
also with hemp seeds. Very similar results were

obtained.
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Zoospore Production.

The number of zoospore colonies

produced in liquid media after two days at tempera-

tures ranging from 5° to 30°C. are summarised in

Table 6.

Table 6. - Effed¢tof temperature
duction in liquid media after two days.

Group.

"Winter®

"Summexr"

"@onstant®

Species.

Saprolegnia
flonoica

Achlya
Polyandra

Achlya
americana

Saprolegnia
delica
Achlya
hypogyna

Saprolegnia
litoralis

S. ferax

Achlya

50

CLLs

dad

flagellata +

on zoospore pro-

180 22° 25° 27° 30°
++ + - - -
* +d +% 4+ -
+dd “d et 4 s
-+ + + 4 + 4 +
*4 + -+ ren -
*¢ o+t + o +4 +
++ +4 t >t et Tt
+o & oo tad L2y +d g

Key:- -

few zoospores
++4+4 many zZooSpoOres

The reélative number of zoospore colonies produced at
each temperature and not the actual numbers are shown.

It was felt that giving the numbers would confuse the

issue as some species, such as Achlya americana even at

the optimum temperature for ¥oospore production produced
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ten colonies., Other species, like Achlya flagellats

would pxoduce fifteen or more at the extreme temperatures

tried and over seventy at the optimum.

It will be observed that 211 the species,

apart from the "Summer' species, Achlya hypogyna produced

zoospores at 5°C.  The "Winter" species and Achlya

hypogyna did not produce zoospores at 30°C. Saprclegnia

monoica ceased zoospore production at temperatures above
22°C and it was this species alone that produced the
largest number of zoospores'at 5%¢. Three species pro-
duced the largest number of zoospores at 22°C and others
between 189 and 30°CQ

The following six species were then
selected in order to examine the effect of temperature
in a more detailed fashion; a haemocytometer slide

being used to count the zoospores produced.

"Winter" species Achlya polyandra
Saprolegnia monoica

"Summer" species Saprolegnia ferax
- Saprolegnia litoralis

"Constant" species Achlya americana
Saprolegnia delica

Three hemp seeds, on which grew two day

0ld colonies of the species to be studied, were put in

dishes cdntaining 20ml sterile distilled water.
229, 27°

petri.-
Three replicas of these were kept each at 59,

and 37°C for a week. After this time, the contents of

cach dish were shaken vigourously and the samples were
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examined using a haemocytometer slide. The Poisson test
showed that twenty samples from each petri dish yielded
significant results. The results of this experiment are
shown in Table 7. |
Table 7

Effect of temperature on zoospore production
using a haemocytometer slide. The fungi were
grown on hemp seed in water. The results,

from sixty samples taken at each temperature
gives the average number of zoospores O.lmm water.

Group Species 59¢ 22% 27% 37°%
"Winter" Achlya polyandra 20 27 27 0
Seprolegnia monoica = 22 17 18 0
iConstant" Achlya americana 14 26 21 0
Saprolegnia delica 11 20 10 0
"Summer" Saprolegnia litoralis 17 24 23 0
Saprolegnia ferax ’ 11 17 15 0

Once again, the species can be
divided into three groups. In the "Winter" species

group Saprolegnia monoica produced the largest number of

goospores at 5°C.  Achlya polyandra, the other example

of a "Winter" species resembled the "Summer" species where
the maximum number of zoospores were produced between

22° and 27°C. Lack of time prevented more work being
done with members of the "Winter" species to see whether

Achlya polyandra , the only other "Winter" species in

culture, behaved anomalously. Both "Constant" species

produced the greatest number of zoospores at 22°¢.
------ ce=000mmmm—————

Oogonial groduction‘

The influence of temperature on

oogonial production was not examined in great detail.
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The species listed in Table 8 were grown on hemp seeds
at the two temperatures 5° and 22°C. The presence of
oogonia on 330 hemp seeds at each temperature were record-
ed by countirng the number of hemp seeds on which each of
the sixteen species were found. The proportions of hemp
seeds on which each of the sixteen species were formed at
5° as compared with those at 22°C was calculated.
Table 8

Proportions of hemp seeds on wnich oogonia
had been formed at 5° and 22°C.

Group _ Species Prop. oogonia 5°: 22°C.

"Winter" Achlya glomerata
i Saprolegnia asterophora
" Isoad lya toruloides
" Achlya polyandra
" Saprolegnia monoica

8 €0 0% @0 P

QOO

"Constant" Aphanomyces stellatis
" Saprolegnia delica
n Achlya americana
" Achlya racemosa
" Achlya apiculata

"Summer" Achlya oligocantha
" Saprolegnia ferax
" Saprolegnia litoralis
" Achlya treasleana
" Achlya flaggllata
" Achlya hypogyna

It can be seen that the ratio was greatest

QAQUHKHFHHE PO HODWMDO
(@)

MDD O

(@)

0 a¢ et an €4 9O

for the "Winter" species. The "Summer" species have a

low ratio, as would be expected, with the exception of

Saprolegnia ferax and Saprolegnis litoralis. These

species form their oogonia readily at both temperatures.
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It is only the ‘"constant" species which have members in
all three sections.

Evidence for the validity of the
concept "winter", "constant" and "summer" species is
provided by these investigations into the effect of
the influence of temperature on certain of these
watermoulds. It has been shown that members of
egch group generally had their growth and reproduction
influenced in the same way.

Sexual reproduction, with the pro-
duction of resistant ocospores which carry the species
through unfavoursble periods, throws light on the differ-
ence between "summer" and "winter" species. It has been
known since De Bary and Sorokine that the oospores of
some species of the Saprolegniales take a long time to
germinate. Zeigler (1948) gave the times taken before
germination of oospores started for 28 members of the
Saprolegniales. He found that under optimum conditions

for germination, Achlya glomerats and Brevilegnia linearis

had the shortest resting period before germination began.
The oospores of both took just over three weeks to start

germination. Isoachlya intermedia and Aphanomyces

stellatis were the slowest to germinate and had resting
périods of over five months.
It is likely that the, oospores

produced'in the late spring by the "winter" species rest



e e o ——— e ————————

-51-
during the following warm period when the fungus may
not be active vegetatively and germinate in the autumn.
The oogonia produced by the "summer'species at the end
of the warm season lie dormant over the colder monthsa
and germinate when the temperature becomes warmer, so
that the population of these species increases during
the late spring.

The éffect of temperature on growth
and zoospore production is somewhat .different in the
three groups. The temperature for'the greatest growth
and zoospore production was rather higher than would
be expected under natural conditions, being equivalent
to the summer maximum in the waters sampled. However,
under natural conditions, the interplay of several
enviromental factors may causethefoptimum for growth
or reproduction of a certain factor to be different
under naturzl conditions than under controlled
experimental conditions. In laboratory experiments,
the effect on the organism of one factor at a time
was studied. In Nature, an interplay of enviromental
factors occurs which is not considered in laboratory
experiments, It is conceivable thaﬂ in the natural
habitat the influence of one factor on another can
modify the so called optimum for any factor, so that
it would appear that conditions best for growth in
nature were not at the optimum found in laboratory

experiments. The conditions that promote the best



-52-
growth in nature could be regarded as the "enviromental
optimum".

The fact that the optimum
temperature for the growth of the fungi concerned was
greater than the expected "enviromental optimum" is
probably due to the competition between the fungi and
bacteria not bei ng examined under pure culture conditions.
The optimum termperature for bacterial growth is higher
than that for fungi. At the optimum terperature for
growth of the fungus the bacteria are able to multiply
more rapidly than at the lower temperature where the
fungus can still grow moderately well. "Summer" species
mey also differ from "Winter" species in their high
tolerance to bacteria. This argument assumes, of course,
perhaps unjustifiably, that there are not "Winter" and
"Summer forms of bacteria.

Jon Concentration
s e o M,

e o —

— e S

The presence of various ions
in the water may account for the distribution range shown
by the watermoulds. The effect of the concentration of
hydrogen, phosphate, carbonate and calcium ions on the

growth and reproduction of the selected fungi were there-

fore studied.
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Vegetative Growth 3. Egdrogen ion concentration

The eight selected species with the

addition of:=-

Achlya treasleana "Acid" group

Achlya colorata "Neutral" group

Saprolegnia diclina - "Neutral" group

Aphanomyces laevis "Neutral" group with
basic trend.

were grown on agar and ligquid cultures of maltose =

peptone medium buffered with an equal volume of Mc.Ilvaine's

standard buffer solutions (phosphate-citric acid series)
at pH's ranging from 3.0 to 8.0. Graphs 10, 11, and 12
show the daily increase in the diameters of the colonies.

Acid Group

The rate of growth as measured by
linear spread was at an optimum 5etween pH. 5.0 and 6.0
for 41 these species. They were capable of growth at
pHe 3.0, Growth fell off more rapidly on the alkaline

than on the acid side, Achlya americana and A. treasleana

both suowing practically no growth at pH. 8.0. Sapro-

legnia litorslis, however, grew quite well at this pH.

Alkaline Grqu

The optimum pH. for growth shown by

Achlya polyandra and Saprolegnia ferax was also between

pH. 5.0 and 6.,0. These two fungi had a narrower range

at tle acid end. Achlys polyandra grew between pH. 5.0

and 7.0 and Saprolegnia ferax from pH. 8.0 to 4.0. In

both cases growth fell off more rapidly on the acid side.
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These results can be correlated with the distribution of
the fungi in the acid and alkaline waters except that it

was surprising that Achlya polyandra did not grow above

pH. 7.0. This result was unexpected =nd will be discussed
later, |

Neutral Group

The optimum for growth was again

~ between pH. 5.0 and €.0. Except for Achlya flagellata

the growth range was from pHE. 4.0 to 8.0. Three species,

Saprolegnia delica, S. diclina and S. monoica, which have

a natural distribution in the more acid waters, show greater
growth at pH. 8.0 than 4.0. This result is surprising
and cannot be explained.

Table 9 gives data of experiments in
which the fungi were grown in liquid media. The results,
althbugh showing that growth was possible at a lower pH.
in liquid than on solid medium, support the above observa-

tions. The two "acid" group species and Achlys flagellata

grew well at pH. 3.0 although all the other species gave

a very slight indication of growth at this pH.
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Table 9

Growth on liquid medium in the pH range

2.0 to 8.0 after 4 days.

Alkaline Achlya

polyandra + - - .+ +
Alkaline Ssprolegnia

ferax + tdtt. pbetr  heddk bk ey trd
Neutral Saprolegnia + tatd dttet vttt e+

delica
Neutral Seprolegnia

monoica * Gttt tt S+ttt 4 +++4 LE X 2 + 4
Neutral Achlya

flagellata X LA X} +t + + + -+
Acid Achlya

. americans =4+ -ttt 4t Abd s +

Acid Saprolegnia

1it0oTalisS 444  H4hdd t42 bt drbdbh dhed b4e

4+ - less than 1 cm growth}) +++++ - more than 5 cm growth.

b. Phosnhaje Copcentratiag

The effect of the phosphate con-
centration of the medium was investigated in the hopethat
it might be connected with the unexpected small amount of
gfoﬁth of certain members of the "alkaline® groﬁp at pH. 8.0.
A series of experiments were set up using the McIlvaine's
citric acid phosphate buffer standard solution (with phosphate
in the concentration of 10.7 grams/litre) and for comparison
a similar pE. range having the solutions buffered with "Tris"
(containing 15 grams hydroxymethyl amino methane/litre) -

hydrochloric acid buffer solutions in which no phosphate

was present.
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The effect on the growth of the

eight fungi, with the exception of Achlya hypogyna, of the

two buffer standards at the different pH's is summarised in
Graphs 8, 9 and 10. It can be seen that below pH.7.0 the
behaviour of all species on the two buffers were similar.

The optimum pH. for growth differed
with the buffer used. Thus the "acid" species growing on
media containing McIlvaine's buffer standards had an optimum
between pH. 5.0 and 6.0 while when "Tris" was used the
optimum was at 6.0. On medium containing thiébuffer, the
optimum for the "alkaline" species also shifted and was
between 6.0 and 7.0 as opposed to between 5.0 and 6.0 as
found when the Mcllvaine's standards were used. The optimum
for growth in the "neutral" group was similar in both cases
although slightly higher when "Tris" was used.

The use of "Tris" also emphasised
the different . pH. requirements for the growth of the "acid"
and "alkaline® species. Above pH. 6.0 the growth of the
"acid" species fell bff rapidly end there was much less
growth at 7.0 than 6.0. There was very little difference
in growth rates at pH. 6.0 and 7.0 with thevalkaline" species
when "Tris" was used and the retardation of growth at the
more "alkaline" pH's as experienced with McIlvaine's buffer
standards was not apparent. The "neutral" species resemble
the "alkaline" species when grown on "Tris" in that growth

is only a little less at pH. 7.0 than 6.0. Saprolegnia delica
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" showed similar growth curves with both buffers. Saprolegnisa

monica appeared to be able to tolerate more acid conditions
when "Tris" was used.

A comparison of the rates of growth
of all species on McIlvaine's buffer standards and "Tris"
showed that at least zbove pH. 7.0 growth was greater on
"Tris", It can be inferred that the concentration of
phosphate in the McIlvaine's standards depressed the growth
of all species. The increase in phosphate concentration
appears to have affected the growth of species of the
"Alkaline" group more markedly than the other species. For

example, at pH. 8.0 Saprolegnia ferax (Alkaline group) and

Saprolegnia delica (Neutral group) took the following number

of days to cover plates using the two buffer solutionss

Buffer Saprolegnia delica Saprolegnia ferax
McIlvaine's 4 days ‘5 days
"Tris" 4 days 4 days

Achlva asmericana, Achlya flagellata and Achlya polyzndra which

grew slightly or not at all at pH. 8.0 with McIlvaine's stan-
dards were capable of growth at pH. 9.0 with "Tris",

The effect of various concentrations
of potassium dihydrogen phosphate from O to 0.5 g/litre was
now investigated. The highest concentration of this series,
0.5 g/litre was iess than the concentration of phosphate in
the McIlvaine buffer standard of PH. 3.0 (2.22 g POg11X/1litre).

It was found that even at concentrations as low 25 0.00lg/litre



-58a
phoaphate depressed the growth rate of three species,

These weres-

Saprolegnia monoica (Neutral species

Saprolegnia ferax (Alkaline species

Achlya polyandra, (Alkaline species
A concentration of 0.5 g/litre phosphate tended to stimulate
growth in the other species.,

It can therefore be seen that the
use of buffer standards containing phosphate is not to be
recommended unless the effect of phosphate oh the organism
is known,

The concentration of phosphate in
natural waters may tend to limit the distribution of species
whose growth is retarded by small quantities of phosphate.
It is interesting that the alkaline species, which are found

in waters where the phosphate is unavailable, are sensitive

to an increase in the phosphate concentration.
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c. Calcium concentration

The effect of various concentrations
of calcium chloride, ranging from O to 37.765 g/litre on
the growth of the selected fungi was investigated. It

was found that gll species, apart from Saprolegnia ferax

showed a similar amount of growth on all concentrations

of calcium chloride up to 7.55 g/litre. Jjith Saprolegnia

ferex, more growth was obtained at 7.55 g/litre calcium
chloride sglution thah at the weaker concentrations. TFive
species including those of the_acid group, showed growth
with 37.765 g/litre calcium chloride solution. This
growth was not so vigourous as gt the lower concentrations.

Achlya flagellata and Achlya hyvogyna (neutral group) and

Achlya polyandra {(alkaline group) did not grow at this

concentration .

These results indicate that the
concentration of calcium in the water does not generally
affect the distribution of the species. This is not
surprising since on analysing the calcium content of the
various watérs gampled regularly it was found that South
Pond 2, a water inelided _in the "Neutral" group, contained
more calcium than the water at Malhem Tarn which was
inhabited by the alkaline speciésf

The greater growth shown. by

Saprolegnia ferax when 7.553 g/litre calcium chloride
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was added as compared with its growth in weaker concentra-
tions may account for its presence in waters such as
South Pond 2 and Malham Tarn. This was the only species
which showed greater growth with an increase in the calcium
content in culture.
Zoospore Production

It was thought advisable to
investigate the effect of the concentration of hydrogen,
bphosphate and carbonate ions on zoospore production.
unfortunately lack of time prevenfed using a heamocyto-
meter slide for estimating the number of zoospores produced
by species. The quicker method of counting the number of
new colonies formed in liquid culture was used instead.
The results obtained give a rough estimate of zoospore
germination under various conditions.

Hydrogen ion concentration

Six species were grown in liguid
maltose-peptone medium buffered with McIlvaine's standards
from pH. 3.0 to 8.0. Table 10 gives the number of

colonies produced at each pH.
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Table 10
Zoospore production in the pH. range 3.0
to 8.0 using McIlvaine's buffer standards.
Each result is the average number of
colonies from five plates.
Group Species 3 4 5 6 7 8
Alkaline Saprolegnia ferax 0O 112 ¢ 13 24
Neutral with
acid trend Saprolegnia delica 0 40 30 30 25 22
Neutral with
acid trend Seprolegnia monoica 018 8 15 7 5

Neutral with
alkaline trend Achlya flagellata 14 20 12 12 O O

Acid Achlya americana 1 213 8 0 0
Acid Saprolegnia
litoralis 15 15 10 4 11 13

It can be seen that only the acid

species and Achlya flagellata produced zoospores colonies

at pH. 3.0 Ssprolegnia ferax (alkaline group) produces

the greatest number of zoospores colonies at pH. 8.0. With

Achlva americana (acid group) zoospores colonies were found

at the high pH's and the greatest number of zoospores
colonies were observed at pH. 5.0.

These results ére a little
difficult to interpret as the experiment was done before
the effect of the phosphate in the MecIlvaine's buffer
standards on vegetative growth was investigated. It is
possible that the phosphate in the solution depressed the
number of zoospores colonies produced by the members of

‘the "alkaline" group and further investigations are needed.
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Phospohate ion Concentration

These results, obtained by esti-
mating the numbers of zoospores colonies produced by the
species growing in a buffered medium containing various
concentrations of potassium dihydrogen phosphate, are not
conclusive. The results are presented in Craph 13.

An increase in the phosphate
concentration depressed numbers in zoospore colonies of

Seprolegnia monoica, S2prolegnis delica (both "Neutral"

species with acid trend) Saprolegnia ferax and Achlyas

polyandra ("Alkaline" species). The other three species
show & depression in the zoospore output in the range
0.01 to 0.1 g/litre phosphate. Apart from this depression,

Achlya americana and Achlya flagellatza both show an increase

in zoospore activity at the higher phosphate concentrations.

Saprolegnia ferax resembles members of the first group.

Carbonate ion concentration

Wills' (1954) work on Phytophora

nicotineae showed that the addition of carbonate in the

form of sodium carbonate increases sporangial formation.
At a pH. greater than 8.0 sporangial formation was induced
by using this salt alone., It was therefore decided to
investigate the effect of sodium carbonate on the zoospores

production of the selected species of Saprolegiales,
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particularly as the concentration of carbonate in the
different waters varied considerably.

The species, apart from Achlya
hypogyna were grown in maltose-peptone medium containing
concentrations of 0.5 and 0.05 g/litre sodium carbonate.
The médium was buffered at pH. 8.4 and 7.1 with "Tris",

The results were not very con-
clusive but apart from the acid species and Achlya
flagellata the species tended to behave in the same way

with
that Wills found/Fhytophora nicotinesae. The effect of

carbonate on Achlya flagellata and the two "Acid" species

was to reduce the output of zoospores et pH. 8.4.
th

It is possible that(ﬁ&; fggEhe

determining factor in zoospore production, the presence

of other ions becomes important.
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Production of Oogonia.

Little work has been done with
regard to the effect of external factors on oogonial pro-
duction. The following results, on the influence of pi.
on oogonial formation weré incidentally observed while
studying the effect of pPH. on growth in solid media.

Only thé two acid species, Achlya

americana and Saprolegnis litoralis were found to form

oogonia on buffered solid medium. Oogonia were produced

by Saprolegnia litoralis from pH. 3.0 to 7.0 and Achlya
anericana from pH. 3.0 to 6.0. It was interesting to

observe that oospores produced by Achlya americana at

pH. 5.0 and 6,0 soon disiategrated.

It could be seen that both these
species did not produce resting stages when the medium
became progressively more alkaline., This may be the

reason why Szprolegnia litoralis, although capable of

producing zoospores at pH. 8.0, is not found in alkaline

waters.
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Distribution in MWatural VWaters.

In this investigation, members of the Sapro-
legnicles found in waters of different pH have been listed.
This distribution agrees in general with that found by Iund
in Denmark and Volf and Wolf in North America. There are
certain differences and in Iund's list six species,

Aphanomyces stellatis
Achlya colorata

A. raceriosa

A. radiosa
Saprolegnia ferax

S. monoica

showed a wider range of pH tolerance than their English

counterparts. The only species with a marked cifference in

its distribution was Achlya emericana. ITund tound this in
waters of pH. 8.0 and Wolf and VWolf in ﬁaters of pH 7.6, It
was not found in Iingland in waters above 6.4, It is puzzlirn
that this species epparently characteristic of acid waters i
BEngland, should tolerate such alkaline waters in Demmark and
Morth smerica. This could be accounted for by a difference
in wvariety. |

Although the different species have been show
to occur in waters of certain pH ranges, it is probablé that
the hydrdgen iunconcentration@etermines solely the lower
limits of the distribtition of each species. Experimental
vork showed that although most species produced zoospores
and were capable of growth at pH 8.0; only the "acid" specie
did so at pH 3.0. It is likely that»some other factors

determine the presence of species in alkaline waters.
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Hvidence hes been accumulating that factors
other than the amount of calcium present in soils determines
the calcicole and calcifuge habit in plants. Balme (1953)
suggested that ceslcicoles had become adapted to the speciali:
conditions in calcareous soils sgch as the high pH; high
calcium ion concentration; losjiégio and deficiency of ions
such as potassium, msgnesium and phosphate. The extreme
calcifuges were adapted to an ccid pH; high ferric ion con-
centration and nitrogen in the rorm of smmonia. Intermediate
between these two groups were those species which were succe:
ful in less specizlised conditions.

Experiments carried out under optimal con-
ditions, and therefore interpreted with caution, have indicat
that the Saprolegniales are not affected by the amount of
czalcium present. liembers of the "acid" group were zble to
tolerate & lower pH than the othefspecies. The"alkaline"
éroup species were found to be sensitive to increasing
phosphate concentrations; It is possible that some of the
zlkaline" species, zlthough showing a wide range of pH.
tolerance, could be confined to waters with low phosphate
concentration., In soils containing great amounts of calcium
carbonate and vhich are of an slkaline pH,’it is knovn that
phosphate is unavailzable.

There is a possibility that the content of the

water is not the deciding factor in the distribution of these
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fungi. The fungi live on the debris in the water and the
type of decaying vegetation found in acid waters as opposed
to that in alkaline waters may be the factor that decides
their distribution. Bacteria generally inhabit weters with
zabaﬁid pH and in zlkaline waters these would be responsible
for the cdecomposition of vegetation. In acid conditions the
fungi play a more active part in the decay of debris. The
acid species may be cepable of breaking cown debris, while

the alkaline species live on secondary products.
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a2sonslh Variation.

On the whole, the observations on seasonal
varistion, as described by Coker (19¢12) and Forbes (1$1i5)
agree with the above account. The number of species Coker
found in each month throughout the year 1912 in U.S.A. is
shown in Craph 14, in vwhich the present results (Graph4)
have been superimposed. It can be seen that the two result
are comparzble, snd in both cases the number of species fou
during the warm season was low. In the Autumn, the numbers
began to build up again, but it was not until the spring
that the greatest number of specieé was found.

On exeamining the percentage abundence of
every species found by Coker each month, it was found that
these species could be divided into "summer?, "winter" and
"constant" groups. . With the notable exception of Sapro-

legnia ferax, his "winter", "summer" and "constant" groups

include the same spécies as in this investigation. Forbes!

figures for the percentage occurrence for Saprolegnis ferax

indicates that this species is a "summer" species in Englar
and not a "winter" species as it appears’to be in North
America.

Forbes' results appear to be in agreement
vith those found in this investigation. Unfortunately,

sampling did not take place after May 1935 and it is unknow

whether two of her species Achlya radiosa and Achlya rscemo
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beheaved zs 'constant" species or members of another
group. It would have been interesting to compare
results for the summer months with those obtained above.
It has been found that the method of
szmpling used in this investigation and also that of
Forbes did not give a2 good indication of the abundance

of species such as Achlya glomerata and Achlya radiosa.

These species occur sporadically , probably because
their zoospores do not swim far before encysting and
so do not become well distributed through the water.

When the Saprolegnieles from various
habitats are described, it eppears important to note
the time of year at which the collection is made. The
absence of species trom a list may be due to the time
when the habitat was sampled. A sampling in summer
would yield a different fungus flore from one in winter.
Ideally, the hebitat should be sampled at least four
times a year before a list of watermoulds found there
is drawn up.

In this work, the effect of temperature
on zoospore procduction was investigated to ascertain if
species of the three groups showed any difference in thg
behaviour of their zoospores. Othér workers, studying
the effect of temperature on zoospore production, have
given temperature ranges for other members of the

Saprolegniales.
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The optimum temperature for zoospore pro-

duction in Saprolegniz anisospora given by Coker (1923)

is vhat would be expected for a “winter" species. This
result is in close accordance with thzt found by Newby

(1948). Cokeris result for Achlya espiculata is also not

surprising for a "constant" species. The optimum for

zoospore production of other species belonging to the

"winter" is higher than expected. Ilebs (1899) gives
0

the optimum for S=zprolegnia mixta a2s between 24- and 28° ¢,

Coxer shows that Isozchlya toruloides hes an optimum at

26°C. The optimum, according to Cotner (1930) for zoo-

spore production in Saprolegnia monoica var., glomerata is
also at this temperature. This result is higher than

that obtzined for the strain of Seprolegnia mononica used

in the above experiments. The ontimum temperature for

Aphanomyces eutiches (26o~ 28‘b) wa2s zl1so higher than

that given by Jones and Drechsler (20°C) in 1925.

It is unlikely that zoospore production
depends merely on temperature, although Szlvin (1v41l)
did show that first and second stage swarmers were
affected differently, and the second stage swarmers
were active over a narrower pH. range. This could
cause a difterentiation between the three groups since

different temperatures could affect the number of
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zoospores that survive once they have left their
cysts. Sealvin's work (1%40) showed that snore
germination vias elso influenced by the amount of
cxygen end nutrient nresent. The problem of
zoospore production is likely to be very complex
and more vork is needed before it would be possible
to say how great an effect the producticn of

zoospores has uron seasonal variation.
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liembers of the Saprolegniales collected‘from
natural waters in Great Britain between 1¢50 -and 1958,
fall into three groups - "acid","zlksline" and "neutral®
eccording to the hydrogen ion concentration of the waters
in which they occur. These observations are also in

harmony with those obtained by ILund in Demmark (1935)

There may be a seasonal distribution and the
species collected can be divided into "winter", "summer"
and "constant" species. The distribution found in this
countyy agrees generally with that found by Coker in

North America and Forbes in Grezt Britszin.

A study of the growth of selected species in
culture incdicated that temperature and hydrogen ion
concentration are important factors in controlling

growth and zoospore production of these fungi.

It has been shown that meny species are
sensitive to phosphate concentration; hence the use of
buffer standards containing phosphate must be avoided

unless the effect of phosphate on the species being

studied is known.
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