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ABSfIUCT
St-idies In tiia Wafcar Moul<is of the
Royal Holloway Collwe Grwnde
The groundsof Swyal Holloway college afford
habitats for a wide variety of aquatic fungi. These studies
have been carried out in two selected families of water moulds,

Soprolegniaoeae and 1"thiaceae.

A vast body of literature on the Saprolegniaoeae
has accumulated, chiefly in the United States, but comparatively
little work on the family has been done in Britain, owing,
probably, to the extraordinary difficulties of identificatKas
of the mmBbei'"'s of this group of fungi, A review of the smll
amount of literature on British Saprolegnaoeaa aaphasises the
need for the detailed observation of each species throu”out
the year. Gompariatm of a number of species collected, with
the oorreapoiKling species desoiribed by Coker in his monograph
on Saprolegniaoeae (173)» and with tte previois British records,
reveals that while some specie» agree dosely with tiiese
descriptions, and r%aaln constant throughout a period of
culture up to two years in 1@)%th, other species show diff- -

eronces and a tendency to vary during csilture.

An illustrated account is given of lyWilimi
undulatura, *md the literature on it is dismissed. Apparent .
departures of this species from theusual conception of members
of the genus Rythium necessitate a proper appreciation of the

characteristics of the genus as a whole. An account is.



therefore, given of the features of the mycelium sjad asexual

reproduction of those species of Rythium wteich have previously
been described in detail, and Wie classification of the genus
is discussed, in order to find Justification for the taxonomic

position of Pythium undulatura in the family pythiaoeae.



[Reprinted from the
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NOTE

CHYTRIDIUM LECTTHII (INGOLD) N.COMB.
By E. K. GOLDIE Royal Holloway College
(With 1 Text-figurce)

111 March 1943, when working in Dr C. T. Ingold’s laboratory at Uni-
versity Gollege, Leicester, I had the opportunity ofstudying living material
of Rhizophydium Lecythii Ingold, parasitizing the rhizopod Lecytliium
hyalinum, from the same locality in which the fungus was originally found.
The chytrid was described by Ingold (1941), but he failed to observe the
discharge of the zoospores. However, in the living material at my disposal
I was able to establish that dehiscence of the sporangium is by a lid which
may either hinge backwards (Fig. i, E-J) or become completely detached
(Fig. 1, A) and that the zoospore has a single posterior flagellum.

Since dehiscence is by a lid, it is necessary to transfer this species from the
inoperculale genus Rhizophydium to the operculate genus Chytridium” and the
name becomes, therefore, Chylridium Lecythii (Ingold) n.comb.

REFERENCE

Ingold, G. T. (1941). Studies in British Chytrids 1. Trans. Brit. myc. Soc. xxv, 41-8.

[Accepted for publication 26 November 1945)



69 Chytridium Lecythii {Ingold) nxomb. E. K. Goldie Smith

Fig. 1. Chytridium Lecythii on Lecythium hyalinum. A, B, Freehand sketches; C-J, camera lucida
drawings. The surface of the rhizopod is indicated by a dotted line.
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STUDIES IN THE WATER M(XIIDS OF THE
ROYAL HOILIOwAY COLIBOK aKOJKDS

General InLroiiuo&lcm

The ponis and sbreame In the grounds of
Royal Holloway Collage afford habitat, for a wide variety
of aquatic fhi% 1, aa observatl(ms have been recorded

from time to time sinoe 1933»

wy Interest in water moulds was first aroused
in the spring of 1943 by the appearan<» in Jars in the
laboratory of growtlm of Saprolagnia taonoios wid a apeoies
of Aohlya. uhl” provided.interesting subjects for simple
morphologioal and biological studies. These studies were
continued during tW Sastor vacation, at University College,
Leicester, together wiWi observations <si soma obytrids and

aquatic hyphomyoetes.

Since 1943, observations on water moulds have been
carried on intermittently, including part time work in this
laboratory in 1944/-3, on aquatic species of Htytordithora.

At this time, the work of Dr.* Lilian I'WKker on the role of
vitamins in the nutrition of Fui”, and that of Dr. Rqg.>er on
sexual hormones in species of Aohlya. stimulated an Interest
in physiological problems, and the award of a research
studentship at Royal Holloway College for 1946-7 seemed to

—i?

Offer a chanoe to Investigate certain aspects of the



physiolof the Se“rolognlaoeae.

However, i)rellrolnary oolleotioos of water moulds
from the grounos, madw with the Intention of seouring
suitable material for suoh work, revealed the wealth of
opportunity offered by tiiis laboratory and the proyfimity of
a Variety of Iponos and st“reams, f:)r a more general study of
the wateimoulds of this locality. These collections were
therefore continued, and the excouti<»> of the orliinul plcm

was postpwied. ! ! -

Excluding Chytridiales, representatives of the
following families of aquatic Phyooe”cetes have been found:-
Blastooladlacsae - Blastooladia

Monoblepharidaoeae - Mcnbblenharls -

Saprolegniaoeae - Saprolesgnia. Aetdya. Achanmarses
Bhipidiaceae - iRiipidiuai. Sapromyoes
pythiaoeae ~ pythiua. Phytophthora

After a few weeks, the investigation became ,
narrowed down to a study of the distribution in the grounds
ani seasonal variation of members of the Saprolegniaoeae.,
The discovery of a relatively large number of species in a
single stretch of water, and the many problems conneoted
with their identification, so«i made it (dear that a ttoorcxigh
knowledge of each species is necessary before sucii woik can¥*#; 4

be profitably,undea”aken in this group of fu%l. Gdhsequncitly

the more general asi>eots of the study have been subordinated



to the oarsful obeervatlon and recording of a limited nuiaber
of apeoies cultured under tW sacie conditions. No attempt
has been made to discover the entire range of species, even

in this small locality*

In the autism of 1946, a fungus was frequently
found in the ooUectlims, utilch, in general form md in the
coarseness of its prot<%)la@m, resembled members of the
Saprolegniaoeae; end, althou”i its mode of dlseWrge from
an ellipsoid sporangium into a vesicle suggested its posltim
in the gems pythiua, in its % %iearanoe, and in the etmsiderable
degree of differentiaticm reached by the pi'otoplasm before
dischai”, it seemed remarkably different from other meabers
of the gaw3U6 collected from the swae habitat and observed under
similar oonditiaas. After its Identification as lythiua
undulatum. a study of the limits of this gemis as a whole,
as well as the lAaraoterlstios of the Sj;>ecies, seemed necessary '

in order to reaoh a proper understanding of tim taxonomic

position of Wie latter.

The discovery in March, 1947» of a detailed
descripticxi of p,;mndulatum. and a discussion of its taxonomic
position» iBtxlch had been published by Bredbsler in October»
1946» did not seem to reduce the Intorest of this %work®% It
was therefore oontlnued» and the two studies» on Saprolegniaoeae

mid pythiaoeae» have been carried out simultaneously during

the past two years» according to a plan which has allowed



eonocntratiion on one or the other at a partioular time.

The thesis consists, therefore, of two sections.

The first section, on Saprologgoiaeeac, is
chiefly a I'ooord of observations on the species #dch have
been isolated. S-ane aooa”nt is given of the literature on
the Saprolegniaoeae in Britain, but no review of the entire
enormous field of literature cai the subject 1ms been attempted,

though much of it Ims been ocnsulted.

The second sectim, entitled “gythium undulaUsa.
and its poeition in the Pytoftaoeae," consists of two sub-
sections, as foil owsT*

1. Adescription <& p. undulattaa, and a discussion of its
taxonomic poalticm.
2. Aorltioal account of the features of the genus Pythitai.
based on those previous records in whi<fi a detailed description
is given, showing how far the characteristics of p. undulatum
are in agreement with those of the genus as a wh<de« «hile
particular care has been taken over the accuracy of the
guetatiims, and with regard to keeping them in their proper
context, an attempt has been mads to weave tlrnta into a
consecutive account of the vegetative features and asexual
reproduction of freshwater-inhabiting species of arthium.
Reference to sexual reproduoticn is ocsisidersd irrelevant,

since oogmia have not be©3 reported for p. undulatum.



There ara two appendices to this subsectlcou-
Apperaiix Is a history of the taxoncwy of the genus Pythlian.
Appendix 1lit a discussion on the relation between the genera

pythium and Phytophthora.
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THE SAPaOLEffilACKAa IN »;.-ITAIW
.-'PK A ffULL DESCBIPTION OF

FWXJKHISaSS FUNGI ISOLATED FBQM

> ROYAL LPLLOWAX GOLLimB I'WLU

MmsmMdadk adsmm w Tm.mmps. qf sA iw :#im w w britabi ;

Despite Wie wide Gistrtbuticm of the st“relegolMSM
ana Uieir eviaent ocourrmtoe in almost eny stretch of stagnant
or slowly-moving eater, British records of tAe graap are s(%nty
In oosparlson with the mass of llteraW re that has aeeunailatad

elsewhere, «aileily in the United States.

The first list of Britl;® saprolepilacoeae was
published in 1891 -by Masses# Two of the ten speoles glv”
are synonymous, and two are doubtful members of the group#
Eight speoles are motioned In the papers by Trow on the oytolc”"
of the Saprolegniaocoeae publlsMd in 1895, 1899, and 1904, and
It is evident that he had collected several more (1895* P#Db19);
no complété list is given, however. In 1910, the'asexual i>

-tif '
reproduobicn of an unidentified epeolee of Si“rol*gnla was
described by Lédmere* A nmv list coutaJuolng Waive species
was published by asmabotton In 1916. Tliere were no furWier:'#

publle& ticms on British Saprolegniaoeae until the 'Wdrtles# %



In an address published in 1931» 1isoisbottom
pleaded for more work on aquatic fur:tgl in Britain; this plea
was endorsed by Barnes and M elville in 1932, who also added
two speoles to the list of Saprolegniaoeae. Subsequently,
lists were published of the Sai>rolegnlaceae ooourxIr”® in
four districts in Britain; Bristol (1933, 1935)* Manchester
(1935)» Cardiff (1934, 1938, 1939), Aberystwyth (1938).

In the edle étions of aquatic Amgl made by
Sparrow in 1932-3» attention was oonoentratad on other groups,
and only five speoles of Sapx*olognlaoeas appear in his list
published in 1936. Apart from a note by Berkal.<* in 1944,
on the hfihlt and spore foitaation of an unidentified species
of SaprolegRia. there is no other published reccwd of

Saprolegniaoeae in Britain.

The lists of the speoles found are given below.
The synonym is stated, in braokets, if the record had been made

uiKier that name.

* denotes that explanatory mor#icd.oglcal figures
are giveri.

IASSBS.Speelee In“udad in the lists of "British Pimgi", 18#;-
Saprolegnia fexwc (druith) Thuret. (S;ferax m es)

*S, mqgnoioa Pringgheim, also recorded as
Pinlanes s&proleenleldas Leltgeb.

AWdya oorroita Archer
*A. polyaadra Hildebrand s

*Agiapomyoea stellatus da Bary



/o

Olotyudttug awosporuB Leitgab

APlanes androfsmu* (Arcaier) Mmubrqy
is.androfaina Archer)

Two reooris arc insluded in hl« addenda;-

*S. litllomiikes Sioith, cm wliieh G(dcer (p.76) has
oonruentedi- "Not a Saffroleania; poaaibly a

“8» elOBSc&ta n.ap» Coker’s ooiaeent» is;- "Apparently
based on mixed material. In pai’t a Pyt/dnm and iu pert a
SaproleRnia." The sporangia desoribed and figured under this

name hear some resomblunoe to those of pythium undulatunr.

Tip#. Speoles observed during work on the qytul*y of
Saprolegniaoeae, published between 1895 aad 1904. These -were
probably colleeted in the Cardiff area.

sapTolegnia didlina amcaurey (S. dioioa de Bary)

3. ferax (cruith)y Thurt (s. Thureti de Bary)

S» mixta d© Bary
«i>», Aitllii VelT n.var. (1899)
A. de Earyana Humphrey
A. pdLvandra liilldebxend
A. proliféra (Hees) do Bary

' me' AT3hanom.Yces laevis de Bary

KAVSBOTPOM

Speoles published in a new list, in 1##;-

Saprolegnia ferax (s. ferax }]:)fS V. Esenb)
S. fatulosa de Bary
Adhlya amerioam

var. caiTibrioa Trow



1f,

A. upioulata de Bary

A. oolgrata iTririgahoita (A. racanosa var. atelliaera
goHin)

A» oomuta Archer

A. polyanaga iU-ldebrand

A« raoemosa Hliaebrancl

A. rpiiiosa do Bary

ABlaooparces stellatus de Bary

Dictyuokme mmoaporua Leltgeb

Aolartes Mrydroftynus (Archerj Hua”a’cy (Ablanea Brmmll

cie Bary

RassbottcBj included also * uprolegpla elongata Mass."

BAI5DI3 and MELVILLS
Spedus mentioned in '"Notes on British aquatic fungi,19]"*t
Dlotyinams monosoorus Laitgeb. Forest lia», OcttAer 193(

% raustoth8oa olavata (do Eaiy) Kumchrey. south London,
Autumn,19*

Gedlegnia sp. South London

sPABnan

Speoles of Saprolegniaoeae recorded in 1936, vaxioh
appeared while collections ware being made for other groups»-
S&pfoleRnia aateroBhora do Bary Suffolk, November 1932
Aohlya Golcratf, Priugsbolm Cambridgo, Septwber 19)2
A£i*uiBOmyo9l,j| 1 * Coker Suffolk, Movam>ber 1 932

Lidtyaoliufl fflonosporua Lultaob Cambridge, thrswghout
# , the year 1932-3

ThranotothemL (davata (de Bary) Mnsphrsgr York,
eptdtaber, 1932



wA

The foil owing table shows the rasults of
oollectiona whl<ai were made with the definite aim of disooverli®
the full range of speoles of Saprolegniaceae in four distrlets

in Britain.



TABLE skmmo ... wMom . . . _IE

8AFAO01.EaWIACEAB IK SmTAIN

District Rrlatol
Goilactor Foibo» Forbes ivisoy-GooJs
mad iioj”™ ts
Period of Sept.—Mar* Oet.-May,1933-4 Siaacaer
Colleotion 9)2-3 1933-6
d» m ¥
] B&iy

jaairlaTo.

s. delica coker

5. di»ll»& Him"irey (S« dloioa de Bary") 4
de Bary)
S. ferax (oruith) + (s« ferax +
~ fhuret

g. ailxta de Basy +

2, aonoic» Fringsbeim + t +
s. ndlca

"var. “|[omerata — —

"fieaSsEiétieeh

S. paradoxe. -
Aurlslo

IsoaWilva eecentrloa -

] '(?SESr
1. monilifem (de Baryj-
“5'Steer
I. foruloliWs -
fseuffiaan and Coiser

I. oniapora Coker and -
CoaOti

PyWiloosls oawesa de Bary -

P. Intermedlm coker -

Brosai

1935-6
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WBRioas WHICH Have m m usm m the study of

A

Collection

Th® v&rious methods whldi liave been used, in
collecting Saupolegnlaoeae from aquatic habitats and from soil
may be summarised as follow;

Medium

1. Afluatle h#)itatS. a) plant and animal debils is brou”t
from the pond or stream and exmalned directly, or after a few
days in water, for fUngl which may be growing ecm it. (B;%mes
and M elville, Sparrow, Brown).

b) The debris is placed in Jars of water
in the laboratory; bait is added, and tils beooaes infseted
either by the hyphae of fungi growing on substrata with Which
it is in coQtaot, or by aoosporss released by the fungi sinoe
their transfer to tli© Isbomtoxy (Trow, Sparrow).,

. ¢) Pemd- or stream-water, relatively
clear of debris, is brou”t into the laboratory, «id the bait
#;lch is added becomes Infected aob&iiores already present
in tJiO water (Forbes, Brown).

, ;% @re «qq?eai‘fl to b@ no record for Saprolcipaiaeeae
in Britain of a further *losaiblc twthod, in wMecir. bait, in

suitable '"tainers, is placed directly in tlie pasi or stream.

2. Son. M\"Boil sacciiss taken from a depth of two inches afe

placed in wide dishes in the laboratory and covered with about
”" '#' |

. ] / :
an inWi of distilled water; bait is a(’ided, itoicai beomes '



/?

infected either by the groath of liyjhos or by aooaporas.

(Baxne« and M elville, Ivimey-Oook and Morgan).

Bait

Buth oauaal and vegetable matarials have been
used as bait. Trow used flies "killed by chiorefom to prevent
Injury to tl'je etiltlnous coats, moistened with aloahcl and
washed with sterilised water," but also "found ixard-bciXsd White
of egg, «it up into minute oblong pieces and floated on the
surface of tlie water in tiie jars oontaining the «xlUu’es, to
be a very good substitute LeoJraaere, also, used flies
and White of egg, as well as "hard boiled pie<” of fish or tb»
skin of fi* i, azri pieces of beef," and made plate cultures on
a solid medium re(julriag "half-a-poond <f£ beef tdttiaut any f&t"
to loo OFB gsMine in a litre osf water! "Ants' cress
seeds, rose hips and dead flies" were used by Brom. Beoc”nising
the suBosptibillty of aquatic fu'ngi to dianges in their
envirwment, Iﬂmey-Oocdc and Morgen, and Forbes, o*onsidered
it advisable to use the same substratum for all «iltures, and "
«lose halved seeds. The use of hesg? seeds had been
recommended by Harvey (197); Barnes and M elville, however,
preferred cress seeds, as they seemed "less liable to bacterial

infection.""" # /

At Royal Holloway College, halved hemp seeds, M ps,

grapes, end flies have ctmstitutsd toe usual bait. A fter wWw¥

preliminary stages' of oollectim, halved hasp seeds have beer



used througjnout, in water cultures.

Methods v&iioh have been used at Royal Holloway Gollege.

Most colleotions have been made from aquatic
habitats, and as prelimixuu:y experiments showed method 1(0)
to be more profitable than 1(a) or 1(b), this method has
generally been used. As soon as possible after the dipping
has been made, and always wlthaJi half an hour, the water is
tipped into wiae, fht dishes and b<sited. A fter about twenty-
four hours, the bait is washed and transferred to sterilised
distilled water, in a number of separate dishes with loose covers.
[t has become obvious during the course of t'xe work that the
best results are obtained when the water is an inch or Isess

in depth.

only very occasionally have collections been
made fron soil. The sample of soil is placed in a wide dish,
and sterlised distilled water is added"until the soil is just
covered. The bait is then placed either in the water-film,
directly in contact with the soil, or on a piece of muslin,
previcHJisly watted, and laid on the surface of the soil. Later,

the bait is transferred to clean water, as above.

Subsequent Treatment

Rough cultures have usually been obtained by

removing the bait soon after fungal growth on it has become



<9

visitole, wasiiing, -mu trwisfuarii-ig; IL Lo ciean mUsr.

H terillsea dlstlliaa waWr has gOnOi‘alxy ustxL. Bro»a,
ho’@ver, uaea tha taggwular of We Aberya&wyW, district,
Vijuoli %ae sLt-Biiia®a, tiOQ aoratad by babollqg air through it.

S5i2»£i.n&*

iiro'Aji frood her oi\tores froa bacteria «md
protozoa by transferi’ini;’ pieces of taj'oel-iun to elsjp water
containing fresh bolt. ivimey-cook ana cleensd their
oulturtis by i’epsated subouitiuruig dH aj'jtO*. At. agar
cultures have been aLoaned effeotiveli' by Itaper*» method (1937/%
in which the bacteria, Uioae co.4wonly encountered beiqg aerobic,
are retained on the surface of the %ar witoin a glass ring, >
while the fungus “vom underneath the ring and forma a «deaa
growth outside it. Potato cltrio agar has gsneraiiy been
used during the process of cleaning foilo*®d ic subsequent
cultures, ohiefly by commeal agar, also oatmeal arxi malt egaiv*®
Melt ana cornmaal agai'S' were used by Forbes, maize apur by
Ivimey-Oociat and Morgan, and pea agar by Bruwn. After growth
on «gar, cultures in watei'. o«n be obtained'ty uaii% portlms
of cleaned myoeliuB ia blocks of toe agar in water to
li*eotsfreSh bait; at & H.G. it has usually boon done by
allo4«dng tiw bleared layoelium to infect directly”halvod hO®E®R) #

seeds left on too agar «ilture for &o0 or two days.before :S

' '

a. = ) n )
beir™ transferred to sterile distilled water.



4D

isolation.

The methods wMdt have beau us&i for obtainii”®
pure cultures may be summarised, as follow :-
1. Asingle sporangium is transferred to elaaii water, #ier@
9008pores liberated by it infect fresh bait (Brovms;.
2. Water containing boosporis is diluted and spsyod '"throu”
a very fine noasle" on to an agai' plate. After abeit two
days, infections from single spores are transferred to
clean agar plates (Brown.;
J. Single hy#)&e are teased out and transferred separately to

agar plates (Forbes).

At Boyal lloHway College, singie-spoi*e miltures
have usually been made as follows:- If tW growths appear
to be mixed, pure cultures are first obtained by plauiii®* hy#ial
tips,out off with soisadr», separately m agar jgdatea; tAe
pure culture is transferred baok tc water. V1*50rws prockiction
of sporangia and liberation of souspores are then encouraged
by frequent washing, and drops of water cmtalning zoospores,
diluted if noaessary, are distributed on agar by s“ans of
a pipette. % e growths from single spores are later mt out

and ti-ansferred to separate dean agar (dates.

Maintenance.

Cultures can be maintained in water by periodi<mdly

using a vigorous growth to infect fresh hemp seeds in clean

water. At.aoyal Holloway College, mitwnss were at first kept
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continuously in «atsr. AS sane spedea showed a doelino in
vigour, howovar, a ctaange was later made to a”“mr, and the

stuck cultures have since been maintained on agar slopes.



QEWiaiAL
Ob##Wx»tl(ms recorded In the Literature

Oocuri'anoe in eoil.

The first oolXdctims of Saproio”fLaceae ever made
from the soil were desoribed by iJarvoy in 1928§. %e first
oolleetion from British soil was of Thraustoths-ea clavata,
isolated from gardas soil in hondon by Bames and M elville,
in 1929} a species of Geolagnla was found. In 1933»

Forbes isolated Brevlleaaia dlolloa from the soil in a

fempot at Bristol.

The chief reeoxds of the ooourrcoe of
Saprolegniaoeae in the soil in Britain are " vm in the
aocounts of lvimey-00(* and Morgan, #ii8h may be sumiaarlsed
as follow ;-

SaprologniaoeiMi of Qlttaorgan. During 1934-3" an investigatiwi
was carried out on the relativo ocourranoe of speolas of
Baprol®niaoeae in soil samples tak«n each montli from st& ticsjs
in wet pasture, dry pasture and gardens, in two districts of
Gls&organstdLre. While species of Saprolennia ma Isoa’\fLy;>-
were isolated mors often from wet than from dry soils, species
of Aohlya. 3Rythiepais. Haffljatufeyana. and itiraustotheea dsvata

were found more frsquwtly in dry soils. Fran those fiesuits

it was conf&uded that those species in which there is "a
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reduced planetie may be more adapted to drier te=dS$issr
soils ttian those In vtiich a dlplanetlc oouditicn (htains,"

it was also suggested that in oertain species, "soil and
water May form an alternate habitat." The further general-
isation was fflioie in 1934, that "it awears fros the present
work that ttie ;:aprolegniaoeae are more widely distributed in
the soil ttian in water, and it seems probable tiiat a revisitm
of our oonoeption of the group will have to be made, and that

the old Wrm "Water Moulds* will have to be giv<ai up."

Faotora effecting diatributiqa,

For the determination of species distributicm in
soil, Morgan (1933) has oonsidoi'ed water oootent smd
taoperature to be more important than hismas content and acidity.
HO details are glv(m of the sites from faxioh ooileotions of

soil wore made in Glamorgan.

COnmentl% on her collections from water of the
Mouchester distriot, Forbes wrote in 1934;- mmawr and
Variety of species {Attained tvoa the different pmds apparwitly
depended to some extent upcm certain envirenmontal factors.,
AS Shorn by the work at Bristi®, watermoulc® oWnot tlirive in
foul stagnant waters, probably owing to the reduced 8Ui>ply of
oxygen. % us, relatively few species have bcmn obtained from
the Ashbume Hall pond which, for most of the year, ow;tains
a quantity of deoaying organic material. The prtssenoe of a’

considerable aquatic vegetati(oi in a living oondition , however
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iioea not appear to hinder the growth of the fungi in any
way. The amount of indcient light> also a*)pears to be of no
consequence, for pmca aiiicirj are completely ovejfeuag by trees,
or have a surface-covering of Leama. have proved as fruitful
as any of the more exposed ponds. Collections male from
rivers or from rapidly-11owing strcatas, as one mi*"t have
expected, yielded comparatively few species.* Forbes has
observed also that "®a<di pa», possesses a oharaoteristic %
fungds-flora, for it is usually from the same ponds tlmt a
species id obtsima month after mdoth, while it may ne% r
appear at all in the ot“ier localities."

£ £ :

In 1938* Brown gave an account of tim pdols and
lakes investigated in the Alforystwyth district, Wt general.-(?f '
isations on distribution can hardly be made on tits relativ”®y
small nucAer of specdes that arc reclorded.' The results mere
as follow: -r ,

Two moimtain pools over 1000 ft. above sea } Adilya racemosa

level, reoeivinfe water drained from a ) iiaprMSmM
moorland plateau ) "iixta

A

A marshy pond in a sheep pasture, at 500 ft.J

with some water weeds. “Tiie water was ) Istmcblya

deep snddear, alttiwgh the substratum ) txhmloides -

was aaiddy." ) AN ,
Two marshy “nds on tlie river flats, at )A<”ya racmiosa
sea Icv”, with a richvegetation of water) ~SlyiTé6o0lorata’
weeds, and surrounded W marshy grass- ) SESmegnSHAMNN"*
land ) tM"Ta*

>



A slowly-taiiving stream alwist at usa } Saorolc&griia

levai ) oruaYoaa

A taarsiy ponu on golf-links at sea )

level, possibly affected by saline J sauroleisgoia {f@%*%
owditions )

A roadside ditob near the sea; vorj' } Raproleania
muddy } paraSoxa

Morphological varlatim. , u
Ivimey-Ceek and iJorgagi (1934) have oonmonted <m

"tiie variation of individuals from different localities #ki”"
a,ppoax to bel(mg to the sane speoies, and also the varlatlcn
'ikiXdi appears as a result of continued oultlvatim under
laboratory oondititms." as it semmed possible to trace a
whde series '"from one species to another and then to a
third," v”exe "size of struoturaa is the orlteri<m of species
segrsgatlon, as is gaoerally the ease," these Investigators
have expressed the view that '"a more satisfactory method

of separation of spe<d.es wili. have to be found if their
iduntifloation is to be made possible to anyone exoapt an

expert on the group.

seasonal periodicity.

Morgan (1939) has observed that "certain species
are ohsracteristio of the sprii® months, oW”ws the surmer,
while still othas ooour most cousxmiy in the autwm and winter,'

but no data are given.

In the months between Soptsmber gad %ien the

eolleoticais were made both at Bristol and at Man”iestar,



Forbes observed "» marked penaH owiation in abundaaoe*

of spoolas Bolleotecl fraa saot: pond, whici® she 1"as aaqiL&Insd
as being due to aiternatiz® periods of activity and quiescence;
during the quiescent period, tfca fungus is "probably In the
fano of oospores or geuisae," and docs not infect the bait.

TWO ~jxajAiS are given in which percentage abundance is jotted
against time of year. T#S first shove a rise in the abundance
of Achlya radios» and Aatlya raoesosa to a peak in the early
months 01' the year, January to March, after which theie is

a decline; it la pointed otit that other species, e.g.
"r'TQlifeiha*'-*<xuj of Adilya, Saproleijaiia dielina, reach t1%
peak,of their activity in the early winter (Bovemoer). The
second gr&pt™ shows a reciprocal relationship between
::aprole&3nia farax and Saprolegpia gonaioa,; the foiaer has a ,
peak in its activity in November, the ia>ter in Msrai; Forbes
has eonaidsred these results as suf*lying evidence in su|*rt
of the view tl.at S. ferax and S. aanoica are growUi-forms of

the same species.
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General Observations m the aaifolSKDIlatceae of aoaral Ht"lowig
Colieg# oWbunds
This study of the Si“rolognlaoeae of the grmmds

WAS first undertiikon wiUz the aim of diaaoves’ii® the factors
that determine the distribution of Wie species in the various
poncts, tiiroughout the seasons; regular measurements of the
temperature and pH of the ponds «ere made, and a S[>3cial
meti'iod was devised for studying seaaciwdl perioiicity, as
follows:-
1. At about 10 a.m. twice a week (Tuesdays and Saturdays)

a dipping was made in each of two pcnds, tiio botany garden

lily pond and southwest pond.
2. SA0ti ssQiple of pondwater was placed in a wide, flat dish

on tiie laboratory bench, and baltei vdtb five half hen#

seeds.

3« After twenty-four hours, each half hemp seed was tmmsferred
to a séparas dish containing sterile distilled water.

4. The water was dianged after a week, and, subsequently*
examinations were made at intervals; if Identifioatim
had not been possible id thin three weeks of making the
oolleetion,owir”®, usually to the absenos of oogoiia, the -
cultures were laid aside, or Uirown away.

In this wey, foriy separate cultures were obtained
from each of the two ponds every samUi, md it was hoped that,
by calculating in sliat percentage of each moithly set of

collections a partioular si>eoiea bad ap(#ar@d, & grs#: could

be plotted showing its relative abundance ttzroughout the year.

However, it soon beeame «dear Wmt this me‘thod was
quite impracticable, owing to the difficulties of identlAeatiag

«@3d .it was therefore modified, as follows;-



1. Collections were maoe only once a week. Instead of twice,
but from three pomia, tiie ttiird being the southeast posd.

2. Three half hemp aaeiia wore used instead of five, in each
stespLe.

3. Larger vessels with a dlainet"er of about thi'ae inches were
used, as the growths bad not been found entirely satis-
factory in the rather small ones wirjitSi had been used
previously, anu wore oa” was taken over using water of
the same depth - tibeut g to $ inch.

The collootlons have been oarrlmi out as follow:-

During tlie autumn en*i winter, 1946-7, intaaaitteotly fnm

a nissber of ponds. A variety of halt was used, and the

cultures were grown in dishes of different dimseter and depth.

From let March to 1§tlt July. IW . tudoe a week from sou”west
pond and the botany garoen lilypcmd, sad the culthree -'Wre -
all kept under the same oonditdais, acoordihg to the first

method deseribed above, c¢dloctim s “vom the other pokls |
' |

. 4 A . i

were oouthuwd intermittently.

During the autuum. 1947» onoe a week from southwest pwad, sodthri
east pond and the botany garden lilypm d, aocordir® to the
modified metiiod desorlbed above. Cdlleotlcns from the other

pcmds were made oeoasionally.

From Jaoua” to March. 1948. once a fortnight, otherwise as in

the autism.

Marih to May. 1948. only oooasionally.



Dlscu88i<aa»

The ciiief problem In a study of the Saprolegiilaoead
is the rundeiaontal one of IUantiflo& tion. As insuffioiant
oonfidenoe has been felt in identifloutliai by the features
of the hyphae and sporangia alone, it has been necessary to
wait for Uue appearance, in each ouluure, of oegonia. In
many species, the production of oc”-omia under laboratory
oonditioss is sporadic, arxl no metliod, is known sWdi can be
relied upon to induce it in all species; the apparent absent»
of a species from fttws collection therefore justifies either
of two conclusions:-

1. The species lias not been collected, presumably because it
is in a quiescent state in the pond, in the form of QOQwm&9
or oospores, aM is not liberating zoospores, (tl» bait
cannot, then, be itu“eoted.)

2. Its presence in tiie collection has been rsissed, because

oogonia have not been formed.

For some time, obsemrations were made on single-
spore eulWres of all the species Wzioh hai been isolated
during the work, parallel with those on the groaths from these
penodioal collections, cultured under the same oonditicms.
An apparent dediz» in the frequency of a partioular species
in these collections might by Utis mehns have been correlated

with a decline in tlie production by it of 0(%onia, as shown

in the isolate*® It became evident, however, Wiat some of

the isolates were declining in vigour as a result of eontiiaious



ouitars in tlie laboratory, and tlio oompariaon was reoogiiisai

as useless.

It is deal’ that a study of seasonal periodicity
in the Saprclegniaceafi reqaires a special method of a”jproaitfi.
A start might well be made by seleoting, for contlmnms
observation throu#iout the year, a species with (tiaxaeter-
istio, easily-reot”isad oogonia, which can he relied upon to
produce them readily under constant laboratory oaiditlcm a,
throujjhout the year. Aohlya radioea may he such a species.
In other species, the physiological oorKiitioes necessary
for the x>roduction of oogmia must first toe investigated, so
that oc”foniuiii-i’om ation o&n toe easily IzKkzoed, and the
presence in a collection, of a ;mrticulw? s*dos, or its

absence from it, can be eozw”idantly detem iim I.

In the presoit stmiy, therefore, particularly as
the method has been changed during its course, ao that mwth
with month oomparisms cannot easily toe o&ic, eucjhasis has not
been laid on oomp”rratlve Observations ou the soascajs of
apl)earmnoa of the various spaoiee, in the collections.

However, the following général observations have been made»-

The dW teibutlon in Mac groaad* of the varitma swde™.
The lists given below of tlie species Wiich have
been collected from the different ponds are not Intended to

be o&iaustlve.
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The botttny eaa'clen Xilyiwmd. an oblong artificiel pond
fined witli oonore'te, auzdc in the lawn of the botany garden;
by water from a tap; more or less overhung toy trees on tlie
south siu«j pH besiweon 0,9 and /+}-

£. ferax A» racei.ioea
monoioa var. Hlem&' ata A. xaiperfeota
|

"S. "paraddxa" ‘A
4." dlcliaisT
friiH oir
souMtwest pa>d. A large pond fed by sprinffa whose source

0iTwutei' is *froia higher'gi*ound; partly #!.&ded ty trees;
pH 6.0.

5. .ferayg A. colo"vt.a
FriLwoica v&r. al.owerata A.~racaacia
s.“Sslioa A* radie®a
ABhan. atellatus A. otilooiaatB. ?
rsgugya

X»'""flagellata

;outheast pcavl. A araller pmd reoeivii® water fr«® eouWr-
wGst* pwid.7 and ciraina®'e from the roofs of toe college
buildings, and some sparing water; there is a surface ooreri”
of pcxidaeedsj pH between 5.9 and 6.3.

f urax A. colorata
B. snlsospora A. raeeaaoaa
gl'UHioa A.'" rWibsa"
Ap&an. Taey”. iriiiiiottlata ?

Atoan. stellatuB

Hazel’s pond, A small round pond only a few intoes deep,
sometimes almost dry, fed toythree pipes toringang water
drained from higWr grwnd; shaded toy trees; JID between
0.3 and to.8.

S. fsrax A. raoeaioaa
% aan’0Toa var. glonerata A. rafliiosa
o&radoxa

Fngineer’s oond. A pond fed toy water from Id”zer gretmd, but
also’re'oeiving 'caustic "boiler fluid* from too engine house;
pH between 7.2 and 7.4.

&. far ax A. flagellate
mtocarea war, gloaerata

Samples of the soil near the inlet of toe dralnasie water
ototained A. colorata
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sea#00#l periodicity. No definite ooncluoiom can toe dram,
tout aoae slight indloutions of semsonal periodieity made
themselves felt. in collections from the botany garden

lily pond in the spring, 1j47, D&proleanla awzolea var.
glotaeruta appeared fre#ently, «liile in the automn, 1947%*
Saprolsp'nia forax was more abundaat, A similar otossrvatiuo
on those two species was made toy Forbes (1935~6). There have
been periods when ono particular species api,»aied pfedominantly
in the coilsctiana. Thus, Ad. Ira colorata was predominant

in the oollectiozis from the southwest pond, in the spritig,
1947, but was suooeeded toy Aohlya. fl& ?allata in W» sumier,
19475 w)d Saarolegnia forax was predominant in eollestions
from toe botany gai’dan lilypewKi, and sanratlwml» dell”

|.n collections from the aoutcast pond, in the autoan, 1947«

A dependence of oogeilal production, upcn temperature m%r be

i

1

directly eonoemod in thisappwmtpsriaileity, 4 aiaee toe

presence of. oogonia. in toeoultui’® mnooaras”™a ~ theldsntifloato*n!

of toe fim*"ua, toile the absence of oogbnia may cause a fungué,

presoat in a mixed caUecticm, to toe overlooked. False

oondusicns wito regér(l. to toe relative atotsxlanoe in toe

pond of the partioular species may thus toe dram as a result

of toanges iln temperature in tW laboratory.

Gouditiens of culture. t
Most species <f£ Saprologniaoeae are stroz”ly

aerobic. It iu&s become obvious that toedspto of the wato? ~'

in the culture dishes is an exceedingly important factor

In determining the vigour, Of toe cultures. The beat result'



tu» obtained when tize water is on indi or less in depWi#

ani exposes a large surface to the air. In a dish containing
rattier deep water, a culture on a portion of bait floating

at the surface of the water foims a strtawer, more extensive
growth than a culture on the bottom of the dish. in a
shallow dish, euto as a 1*tri dish, the liypiias of some species,
e.g. ™ ya oblongata grow up to the suxdace andfom an

extensive mycelium hanging under ttie eurface-fllm.

continuous culture in water, on tlie same kind
of substratum, scons to result in a decline in the vigour
of some species, e.g. a. raoaaesa. S. ferax, but tlie vigour
may be partly rostoi’ed by growth for some time on agar.
This decline may be aoaieipceceaicd by sliglit mefphologloal
ehangas, as in A. naoaaesa (toito see), but it has not bo«a

observed to cause a loss of the specific toaraeterlstlcs.

The nroQuctlop of oogonia.

««markable variety occai's «sacaag the different
species in toeir readiness to produce oogbnla in cultures
on hemp seeds in water. wiiila A. radiosa foras them abundant-
ly after a few days, a. aploulata forms thw very sporadically,
and A. reourva has. formed then only once during a year of :?
culture §y Similarly, toils S. ferax oftoi foxtm oogtoia la <
lad " nixtoers after four days, S. dielina has been kept tor,”

months without their api»&rano© in the toiture®.,



Geiamz.

The geaiaae fomed by the species of Atolya
isolated at Royal Holloway College differ markedly from those
f oimed by the syeoies of pafirolegiaia. They are””ormed by
Atofenoijyces, la Aohlya speolea, they are cyliaorioal, formed
by the segaeatation of the hyphae without any ohange in their
wliitii. TKe segments may be abstrioted actively, as in
A. r&oeaiosa. or may remain la position until they .are dislo% Tto

by movements of the Water, or by other @&Ghaaloal means. <

In S&prolORnia species, the getaaa* usually consist
of swollen portions of toe hyphae. in S, ’«rax, they are
aomswhat filamentous, and irregular. 1In S. diplioa th€gr are
mostly sphea'ioal or pyriform, and are often found in toains.
These diains may roato an extraordinary length in old toitures.
The gemmae of Caprolegnia aizeoias do not usually beaeoe , .;

detachea from the hypha bearing them.

In both Atolya and Saproleaaia. the gesamae may
refreshment of the water be readily Induced to act as sporar”la
and liberate zoospores through ter&dnal or lateral openings.
010 ready datactiment of too gemmae of species of Atoljra.
however, seaus to iiidieata their special efficiency as organa
of vegetatiyp propagation, toito may becon® widely distributed

by torrents or moving objecta in the water. "4 4;]S

litere is a reoiprooal r*atldnship betwoon gmem»
and oogonia. Cultures in toito oogonia am znro or'absei®'

usually ototain a large nuttoer of geaume.



siafftMi"Y m iiBsm-fiaums and cohclhskms

1. Osirteen fuz%i isolated from Soyal Holieway College grounds
have been identified wito certainty as species of daprolegni-
aoeae which are described in uoker's monograph. k fourte®ath "
has been identified only tentatively m aooauat ef toe

scarcity of oogonia in the cultures. Two atodes have be®n
identified, but detailed comparisons of toeir features with

those dosuribed by Coker have not been made. |

2. isolates of these fui” have retained toeir specific
oharaoterlstios torou”iout a period of culture up to seven-
teen moritoa in The sli®” t variations shown by
acme of them have seemed to be related to too vigour of the

cultures.

.0io isolates have also retain*! toeir gencido toaraotoplstioa.
Thus, secondary spofmigia are formed typically by proliferate”
in spooies of 'saordLuazla and by subsporai®gisl 'ixemtaiXiig

in specdes of Aohlya. Altbou#: proliferatids is fmnd i
frequently to' A. oolor&ta, aubsporar”ial brantoijt® is more
ohuraoteuis'tilo; ami @thmllgh toe zoospores .some species

of Aohlya o,g. a. anioulata» a. iwperfeota, often Shorn toe
behaviour toldh is oharaoteristie of epeoics of APlanoB.

by enoystii® and sprouting into hy#iao, toils still within

the Bparmg~omt typically to” swans out of toe sporangium



and encyst, at Its moutb according to the usual behaviour of

speoiea of Aohlya.

A. TIC features of some Isolatss, in single-spore culture,

have shown a range which oovers those of more than one form

or variety of the spsciss omoomod. #ius, the Boyal Hollowsy
College isolate of S. ferax. like that of Forbes, seems to
inoludo the two forms distinguished toy von Minden; and toe
Royal Holloway College isolate of a. oblongata seems to show

the features of tooth toe spaeies and the "variety glotooaa."

5. The similarity between the Royal Holloway College fungi
identified as Sanrol*mla monoioa var. gloa“ata Tiosenhausen
and "SaproleCTia paradoxa Hawrizio" do not seem to justify

Viie erection of & apeoies for the latter. On Uio other band,
ths ocmataney of certain dlfferotoca throughcRxt & period, of
culture of eleven montoa offers ooitsiderablo ovidenoe a”iainet
its interpretatioi} as a "growth form" of S. taonoioa. aooordiz”"
to the suggestion of Forbes* It is propped, therefore, that

this fUi*us should be oalled Saproleania sKkmoioa var. paradoxa.

6. One species has been found, S. aaisoagora, of whl# there

is no published record in Britain.
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The fungi have been iaentliisd by reference to
Coker's monograph (1923). Other occounta hmre sometimes
hoen oonsulted, and oomparlsons here be”m made wlto previous
British records, but the full list of literature on each
speoias has not been investigated. iilather, effort has
boon concentrated on making a oarcful recora of the partiwlar

fungi toioh have boon isolated from tWso grounds.

The entire range of species occurring in the
snxmds has not been explored, and th;s list, therefore, is
not exhaustive. fipeaies of hiotyuahua and Pyt*tiopais fmve
been found by othee oolleuVors, aitdo possibly a large mWoer
of other spseies might be added to the list using a greater
variety of bait, different depths of water for oulturing,
investigating the soil from various parts of toe grounds, .
and by promoting toe foraatity» of oogonia in unidentified

fwtgi toieh appear to be sterile.

Oogonia are nesessary in order to Identify a
species wito ctofldenoe. Most species fore oogisiia within
three weeksofT_mslture, but some cultures have been kept for
several nil.atths before oogonia have appeared, and some have 4
rmalned sterile. Casual experiments hove been oarriod out

with hammogldblB, peptone, and other nutritive solutions,

15ut’ no sysfc-OTatiff attempts to Induce the formation of oogonia
have been made.



Fwrtemi Shngl hare been isolated imd IdonM fied

Aooox'dl** to Cokoie*a list as foliax»;

i« r-v>

2. 1iMebrand v/

3* M aarlslo Asi

4. A jgipa®'octa Gokeg Fsi

5* 4* wim lat# #a BWjr .

6* de B&gy p

7* & uamam p'"i 0m

p.7s-

7* 3* filfle>igp v*f. gloam™aty TiemWmww #
10. 3. aoradeaa» laaagjaie r-«-§
11. 3. dlallm iMsyhsr” ",

12» gs”™*"m m sk

d@ m»y ,*??
id. de mwy fin-

IMI« such detailed awervatimg Mve W#a midaw m tMrWm
cf tooao Amigl #w W «*tdbIWi Wmlr ld@sld.ly *4.# #rW A #,
torfe‘vaViai* as to® Am#® 4d«sl4i*ind && 4@hly& wm*rv% Ww#
beem emwtomt la@ m#iew aWMatr W toe % aiW sf to&

s«asnf ««d
Ga’*r hsm & Im MelaW'd, "mt we n# InaWW 1» toe
fellaetef detellW aeaounts.
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The p.ecords

Hemp seeds have been «sad torc»jghout tti© present
study as the substratum for toe growth of the fungi. 0-xe
records of the fourteen species which are described In detail
consist of toe following itemsj-

1. Drawings, made usually wito the aid of the omwra lacioiu
2. MeaaurementBi Gt account of the great variability of tiiese
fungi, toe moasuraiient of tiie enoivaous numbers necessary in
order to obtain results of statistical value is impracticable.
Measurements of hirimae and sporangia have not been made, and
meaeuraaents of only a email nustoer of oogonia and oospores
have been msiie, by &seai*taiid«g the upper and Itmer lim its
of the range in size Smd taking twenty to Uiirty measur*ae,nts
betv«t;en them.
3. itiotoBiierograpba taken on (a) Ilford <miinaxy pi& tes.

<b) Kodalina ra#id pagier, mocordiag

to a modification of the method described by
Chesters (1939)

4. Living cultures: these are liable to undergo otiangas.
5. Preserved material (a) slides

(b) cultures, preserved in bulk.
O. Data concerning the di& WLWtlon of the various specd.es,
and toe places of origin of the isolates vhloh have been 4
described.
7. inferences to records of previous colleetlcsis at Rcgral

Holloway College vhioh have been made from time to time



slnoa 1935 and kept in U» fona of sliiies, praserved aatoritil
and observations in a book. rheso reoords, however, are
sligiit, as few comiilete identifications havO been mad®O,

8. lieforanoeti to other records of swoies In Britain.

9. Careful oa'Ji>wlso»« with tW accounts given in Qoker's

taonograpli “iihe gaprolegnlaoeae” (1)23).



Smsm 1% mngsheijn

Outstanding feauires:
Oogonia witifi a wartoa or irrefjtilax'ly spiny wall,
yellowish in aolcur, and 1 ~ $ oospores.
Antheridia 1 - arising on the oogonial stalk
usually close msdsr the septum, quite
often above it.

tu'Dhae stout, soEiiCithat extensive; sometimes
undulating (fig.A 11). A oonspiouous
lixiaoiual sysr>im has been noticed several times,
especially on hips, whid, seem to be a particularly
favourable substratum for A. colorata.

Gemmae (figs.A 9,10) formed by the segs"ntation of the
ii“hae into cyl Lndrloal portions Wiioh aj-t* usually
thicker diatally, and oft**m are abstricted (fig.a 9)»
Flg.C shows Uio base of a g¥m«a resting on a stump
of the lyrjlui from whidi It has been abstrictea; the
broken wall is daarly visible, prcjocting beyond the
end of the gemma. quite frequently, a goma develoixs
one or several outgrowtoe, ueuaily at Wie distal end,
whito, if frcstevater is added, or if Uie oonditions
are otherwise favourable, serve as exit tubes for
the escape of the soospores formed within the gama.

Sporangia (figs. Ai - 8; B 1 - 3) cylirsli'ical, about, the

same width as the hy#iae; an empty S8j>orangl<jra usually
has a well-marked collar (figs. Bl- 3). iiénev;ed both
by subsporarxgial branching (figs. ) - $) mman a portion
of toe hypha ianujediataiy belou the primary 3poi*angium
often forms part of the seooixiary sporan®uta (figs.a 4,%)
aW by prcdlferatlon (figs«7,8), latei'-formed syorsui®a
usually exceedii® earlier ones in ierr“h, and oécplotely

- fl111z% wup the cavity (of. species of Saprolegnia).
Bings of ap*ore-cystB can often be seen around
the sporgi”cia in too regie» of the constrictions marking
too position of the openix” of devious sporangia (flg.8)

Oflgtmia (figs. DI - B 1 - 3) on lateral branches; variable
in size - 5**“80/', mostly about bo” . Wall sometimes
relatively aoooth (fig. E 2); wusually wito a. number of
blunt warts; sometimes unusually toiek, and produoed
into blunt curved spines (fig. g 3); a sdlid upgrowth
froB toe septum is often presmit (rigs. E1-))



4

PLRTE \



Anthorldla. on 1, 2 or 3 ehort braiiches from ths oogonial
! sTalk, which oooaslorally are 'oriuioiieci (fig. 1i: 2);
tl» 8¢ quite often arise above the oogonlal seotum

(f% . I 5); anUleridialtubes often seen (figs. E 1, 2).

Qoapores about 27a & 38a ¢ mostly about $2*' (many have ast
Been measured.) 1-5» wusually 2 or ); oentrio.



4<ah3lyB eolgrata. (ooritloucd)

22SEMEgJr« jJM Bay»*
Southwest i»and. 4,00lurata liaiS 'ooen oollaottsdL frequently
tem Uiia po». It la xn the uapartmmt records of

0010b@r, 1'i)$ (o« slide sna a» prescnrod umtarlol) a»a
November 19)6¢° During tM present stuuy, it sas eoilootoa
In Hovembsr and iiecembor 1946» and in O-ot*er (twice)»
Kcvosbar (twioo), and Doesitoer 1947* It ap'" mrcd abuiviantly
in almost every eollootit»”» from 1st M&i-ab to lath June,
in 1940, and was found in #m il 1948.

Routfaeest pfflcd» bovoatbor 19)8 (slide; geraserv#! material)

Novmsbor 1940

May, June, WovemWr (twice; DeemW;' (twice)
1947.

In January 1946, it was found in a #mapl@ of soil taWn
at the side of the small strew entérina the Sx”“ineer'a
pood at tlie soutowst com@r.

Hips seemed to have Woo toe most eu«”ssf\tl
of toe bait used.

#iRin of otltures 1l.not recorded; pfi*bly soutowest good,
in Marto; certainly before Jwe 1947, toes dfweii%s were
made of It in single-spor® culture.

y Il.Southweet pmd 2$to KOvanfetr 1947;
single-spore ouiums made in Doowbor 1947. 3
Observatims and draoint®s of the oagunia of
A Single-Spore aultare have been few, m neitoer™”

isolate has proOuesd -aogswdlLa in. m y #w #tity si»co UeoefBmr 1947



tS"

whon a fair iHimlser appaareu in a «ailfcura of 12» t>houi® a very l
|
few (tieaoribott as '"rare" ) were -observud in a eulture of I in Jan-

uary 1948$

Dlsouaelao. Coker p.108j has oimoented bhat. "smooth or
nearly smooth oe”mla may appear rarely In this species," but
these are easily distinguished from the oogonia of A» raoetnoea
by the oospores which are larger than in the latter. Althcmsyi,
a large nucctoer o' observations on the Hoyal HollcRsay College
isolates has not been possible owing to tiie scarcity of oogonia,
it is olear that this spesies shows oonsiPerahlc variaticai in
the form of Wie oogonium, since both sulny and almost amooWi-
walled oogcnia have been observed in sirgle-spors mitures of

isolate 1.

Coker (1923) lias made no ocwment on the renewal
of the sporangia by prollfeTaticai, in A. colorata» he has
written of A. imoerfecta. "It was in this species that we
observed Uie only two cases of proliferatlflo throii® empty
sporangia that we have found in Achlya." and also, '"we know
of no reference in the literature to internal prdiferation
of any kind in Achlya except ty Petersen," and has <“oted
Petersen’s statement in viildh he saérs that he has **aoospor-

angia which h* proliferated tn undoubted si“eoie» of MfaSS*"

A»polorata is inoluded in isisnsbottom*s list (193.6)}
it has been fwnd at Cambridge W Sparrow (1936), and at Bristol

and Mand:iester by Forbes (1935 a and b), cuii at AbeiystsQrth by

Brown (197 ).



StBaoiory. 1. a. oolorata 7>rinf;8h«im oan be aollecteci at

most tlmea of the year from the south ponds; it is also present
in the soil around ti:o «hginaar's pond; there is scmo elicit
evidenoe of its partiouicj? abundance in spring.

2. BoUi spiny oogonla and. oogonia with walls that
aro almost smooth may be foraed by the some isolate, in single-
spore culture; (the spines, howevs.r, Kre blunt, and more
iPTWfi*ar than those of A. radiosa).

3. ‘Hie sporangia are renewed by prolifeiution as well
as by subsporangisl branching.

4. The oonditlons of ©ilture during ttie present
study have not favoured the produotiori of oogcsala, as cultures
from recent collections have been observed to produce th "

abundantly, wiille ti'.e isolates have renained sterile.
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Amtius 2: identified_ as ndilya raoemosa Hildebrand.
— (HiEe*

OutsteWIliK features;
GOitfflaia with sraooti», yellowish wall, and 1 -9 oc'sporea.
Antheridia 1 to several, arising close under oc”oniian.
I1"shae stout, fairly extensive.

OaaiDae (figs* o 1 - 3} foru«d by tiie segmentation of Ute
hyphae into cylindrical portions wl:i#i are actively
abstricted, or liberate zoospores througii lateral
openings shiile still in position (fig. 0 3)

Sporangia (fips. A1 - 3* B1 - 4)oylindrical, sometimes
slightly wldetiiig towwds Uie tip (fig.a 3)*
Secondary sxMsraagia are formed Ly aympodial branchr-
ing and souietlmea itielude a portiw of the
ismediately imdor tiio previous sporangium (figs.a >*5)

Oogonia (figs.B 1 - 3» K1, 2) usually tenainai on short
“Tateriil branches, ocousionally intercalary (fig.B 1),

si*terioal. The wall is smooth ana ucpitted, cuid
becomes distinctly yellowish; it seems to vary in
tliioMness in different cultures. a Eli;#t solid

or hollow upgrowth from the sept®sa is often present
(figs. g 2, D2) 4~ - bO" .

APtheridia borne on branches wldoh usually arise close
tmder the oogor4.u>a, below the septum (fig. B Zi
but sometimes arise above tFxe septum (figs. D1 - 3»
Oecoasicaially, m anUieirldlal branch arises
under one oogonlum passes to another oogoiiiua
(fig. D 3)« The number of branciies is usually 1 to
3, but in some cultures there are up to c%nt rathw
long, slender branches on a single oogonium (fig. D 3)*
A «to.eridial tubes ax-e frequently seen (figs.B 1, 2}
B 12

Oospores 1-9» frequently 3 or 6, centric when mature.
32- 272 , mostly about 23y-- 2 *~ .
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Actilya raoumosa {aoutisiued)
Occurrenoe in the grqonds.

Southwest pondv Collectea in idat*ch (3 times) and May (4 times)

1947
January and April 1948
Southeast u,nd. Solieoted 1a and June 1947
Jwary 158
naj>.el's poiid. jollsoted in Joeeaber 1940

January and Fabmacy 1948

Botany garden Xija“ond. Collected in 197

This speolos was also found in asample of
the soil beside the small stream whitdi enters the southwest
comer of the Engineer’s pwi.
It is often foind with A. eolorata and
A. radiosa cu hips whiWi have been used as bait.
Flw of origin of isolate. iiiael’s pond (collected 12th
htoeiflbar 194b). A single-spore oulture was made on
23tli May, 1947* Tliis isolate has ("i“ged slightly durii%
the period of culture. It seemed as iJaau”t continuous water
culture oauaed a decline in vigour, as oc”onla were produced
only spuradioally throughout most of 1947* '"Ohe ooffonla had
W)in «alls and there «mtre a largo number of rather long,
slender antheridial branches. Some montixs of culture on
agar slopes seem to liave partly restored the original vigour,
for cultures in 1948 have produced oogonla more readily, with

thicker walls and fewer aatterldial bran<edies* ftio hot

we&Utev stay have contributed towards the produotlim of a



So

remarkably large number of oogcmia in the culture in May 1948.
Fresh cultures examined soon after their collection from the
pond liave been found to produou normal UiickwaHeU oogonia with
1 -3 antheridia, as Was siilown in a ooiiootion fraii Uie south-
west pond in April 1948.
iiiaoussion. The charaoteristio features of the Royal Holloway
College isolate show dearly that it is a. racetaosa Hildebrand,
but it differs in certain features from the description given
by Coker. Cokei* describes the oogonia as "plentifully developed
in all cultures,"” and the gtsonae as "usually few." The
abundance of oogonia relative to that of gemmae is proS>ably
reiated to tlie vigour of the culture, for the formation of
gemmae by tiio Royal Holloway College isolate has been partioUarly
noticeable in cultures in whldi oogonia were rare or absent.
The oospoi’es in Coker’s description, whi(A averse 22y- in
diameter, ai-e smaller than those of the Heyal H"lowsy College
isolate, Which arc mostly 24 - 272, , but Coker ocmments that
they are "variable in size," and rang® from 16 .” - 27.7* in
diameter. "dth regard to the nttaber of oospox’cs in an 00gCKd-tmi,
Coker writesj- "1 - 8 in an ot*nium (HuE"hrey says 1-10),
in most cases 2-3*" % ua, ttic differences betwemi the Royal
HdLlowsy College funf”s and the material descrilied by coker
are negligible.

A. raocmosg is included in Rmasbottom’s list (I1916)
and he” been colleoted at Msnctiester by Forbes (1935b) oml at

AberystwyWi by Brown (1938)* It has been collected from the

soil in Glamorgan by Ivimey-Cook and Morgan (1934).



SI

summary. 1. The Royal HolKyw&y College isolate is undoubtedly
Aohlya racemostt Hildebrand.

2. Some slight dianges ebovm the Royal Ho
Collage isolate uur-ng its period culture of seventeen raontlxs,
seem to be related to the decline in vigour caused by oontinuous

Water culture. It has retained its cluuracteristic features.



Ftxnmxs 3: Identified as Achlya radiosa Maarisio
jrpjtates”™)
a™U. 3ev.

(Attstandinp: features:

Oogonia produoed readily and alxmdantly after a very short
sporangial phase. Densely covered vdUi sharp
spines. Usually containing: a single oospore.

Antheridia fox"ied i 1 - 3 branches from the oo0gCKiial

stalk.
fairly aleut, not extensive.

Geaaaiae absent.

Sporangda (fig.A 1) “lindrioal, not mudi wider than the
iiyphae; secondary sporangia not formed often.

O "onia (figs.A 1-3» B 1 - o) exceedingly abundant
and readily formed, apijearii® after a few days;
on lateral bran(Aies which graoually widen towards
the oogonium, and ocoasionally brandi; covered

densely'witil spines idiich arise as hollow papillate
projeotions, with thiokenings of the wall; the
protoplafio gradually withdraws from the spines to
form the oosphere (figs. B 1 - 3)« The spines are
usually sharply-pointed (fig. B 5)» sometimes
slightly bent (fig. B 3); sometimes they arise in
incompletely-divided pairs (fig. B 6j; it amiears
as Uioagh they may take the latter form in certain
oogmoia diiofiy in one plane.

Anthsridia on one, two or occasionally three short brandies
usually fran the oogonial stalk, very occaaiwially

from the main hypha; mthorldlal tubes frequently
obsssved (fig. B 3)

Oospores wusually on®, rarely two. 457, * mostly
3S/-- 40/.. Very dark at first (fig, B 3)» limiter,
with a centric structure when mature (fig. B 5), the
central piot*jlasm beii® surrounded by a single layer

of relatively large oil glotxilcs, which appear in
suiSfao® view in Fig. B 4.



TURTE 3

S3



PLATE 3 <

. fJosok. Oo 'X370



racIxosa( contim ed)
Oocurrenoaln the R-rourids,
AMitel *s pondi April 1948 (slide); and almost every oollecticai
tliat has i'eon made during; the present study;
thus it has been found in:
September and Daoomber, 194b
Mar<ai, liay and June, 1947.
Southeast pond Novssaber 1940 (slide).
southwest pwid November 194b
Despite the frequency of the oollectizis from
southwest and the botany (harden ponds, it has not been
reooided again from the former, and does not appear in the
lists of t3;e latter.
In January 1948 it was found in two separate semplet;
of ttie soil around Engineer's pond,taken froa eitherside
of Uio smallstream entering the pond at thesou“hweat ooii’r.
A. radiosa is often found ti®"W ier with A.eolorata
and A* racomosa on the hii» used as bait*

Place of origin of isolate* hazel's pond (oolieoted 2nd iieoexbor
194b). A single-spore oultnre has not been obtained. %a
drawings «id obssnraticms have been made from single-teypha
cultures.

Disoussicaa® There is no doubt as to the identity of t*1Is fungus

as Achlya radiosa Mauriaio. The sharp spines are very

Oharaotcristic.



mnms 4;

aa AQidya iaBapfaota Cok®r
(Plats 4;

(>iitataoalnar feaUtras;

&i:.r

Sporangia even stoutar Uiaa Wh« hyptiaa*

O&gonla akxaKWmt, on short lateral braaohos,

oftaa disorganising without forming

oospores*®

Anthsridia on slender untheriuial branttiios ahitd: are

often juxdk branAed.

Oospores eccentric, mostly 28" in <iiaa»oter.

Kyphae stout

gemmae formed, by the segmentation the uypJuid into

short, sometimes swollen portions.

Sporangia (figs.A 1 - 4; B 1 - pleatliul, rather

thl'aker than the hyx“ae, sometimes widening oonsid-
erably in tiie region about a third of ttie ien/iii)
of the sporai“uB behind tha tip (fig.a Z)| eaue-
times particularly stout, and rather short.
Seecsd&ry spora”ia often ecnsist partly of a
portion of the iypha iaaediately below the previous
spmw”?um (fig®¥ A )/. Sometimes a hypba segments
in portioris waoii aot as sporangia and disohad”

by lateral openings. (flg.A 3)

O "onia (figs.A 4, ${ C 1 - 5) abund«it} terminal m

"

short lateral brmiaics whi”i are sometimes b<mt,
aspeelally in young oulturosj (fig* A 5) sptiarioal,
gramatimes with a nook* 44"- IWy' or mom, but
mostaiy 5 uamarkable variety in the
amount of pittir® of the wall is sisom* TSAts,
same 0% ouia aie appafenUjr unpltted (fi**G 1, 4),
soaa have & few or savai*sl pits (fis?»* G 2» 3) end
a @onside%ble propsrtim, espeoiaiiy the very
large oogmia, ha?e e¢%%)@di*%ly mmm 'ms very m all
pits (fig#q 5). m uUm’ mvh tram tfea sepkm is
ofWn present (fig. C >i* 11» first oogonia to

foraW. are often rather snail, and witfecut
antoeridia®* In older eulturss there is usually
quite a large garoportim of vary large o<t;os3ia.
Many of ttxe ocgwtia degenerate withmt fomhr”
oospore#* sonétimos a second 0agoOnNinN-gront m t
from the first, using the omteAts of tlm latter,
vifeieh is left eo”ty (fig*5).
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theridia home on narrow brancjiiea wiiich originate from the

Oospores

same main iiypha as the oogonial stalks or from differ-
ent hyphae. often Uieae branolxes arise in tufts
towards thetips of the main tiypiiae in young cultures
(fig.A 4) but tirey uiey be found spririging from almost
ani” region of tiie hyphae in older oultures. Tliey

are often bi'anc”ied, though not as muoh so as

in A. fLagellata.

j - jO, or rarely more, usually 4 - 12; 2U - 23.8a~
The number of the oospores is raided to tlie size of
the oogonium, in tiils speoies (of. A. “ioula?®).
.'kuall oogonia iiave few oospores (fig. d 2.) m ile
large ones have uai*r (fig. C $/. Newly tovma.
oospores are very dense and dark (f% . ¢ 4) Wt
beuume li*“hter as the oil droplets separate out
(fig.G 2)1 Mature oospores are eocantrie, with

a Utick wall. (Die oospores ropressnted in fig.G 1
aro unusually thin walled). Many oospores fail to
reach mitturity, becoming disorganised, and forming
a number of oil globules of various sises (fig*® C 3)



Aolilya imperfecta (continued)
Occurrence In the grounds. % .s spcoios has been observed
several times in oclleotictie from the botany garden lilypoai*
but as it is difficult to distinguish from A. flairellata in

inijcod cultures, Uie dates of its appearance have not been

i*ecorded.
Flaee of origin of isolate. Unrecorded, probsbiy the botany
garden lily pond. A sii*lo-spore culture was made on

10tii Jane 1947» from Wnioh a aingle-liyjii-a cultiire was iaade
in April 1948, as sane doabt was felt as to (ho ittirlty of
Uie ouiture, on account of the ranarltable variety shown in
the size of fciie oo-"oniuai, Uie degree of pittii® of the
oogonial wall, and txie number of oospores. ft;a new m lture
again showed tiiis vaiiety.
discussion. A. imperfecta Wus erected by Coker as a new
speoies forming, togeti»r with a number of <”ouely similar
species, "the .rolifera-de Bsuyana group." Coker has writt®nj~
'in attempting to put into orcter the mesnberg of the Proliféra-
de baryana group we meet with sane of the most perplexi% %
problems in the entire family." %es@ problems are disesussed.
by Coker in |[*>. 96 - 7 of ius monograph. % e Royal Holloway
college isolate resembles Wie fungus described by Guker as
A« imperfecta, except that tie o”jonia are larger and contain
more numerous, and slightly larger oospores, of «hloh a
considerable proportion reach maturity. These differences

are shown in the following lists:;
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R.II.C. Isolate A» Imaexfocta Coker
Oogonia 44-- 100- moctly >'263,, 3% - 60", aootly 4iV~"5~
Oospores 3 - 30» usually u - 12 2-8, usually 4 -6 |
21/ — 23.3~ , mostly 17,-- 23a , mostly 19.§ 7 I
227 23 a- A 207 -.
mostly I'Sacli maturity mostly '"go to pieoea bel'oro
maturity''

The failure to reach maturity, of a lai'gor
proportion of the oospores formed by Coker's fungus than by the
rtoyal Holloway College isolate, together witii the generally
smaller dimensions of the oogonia suv/ 00spores, msy possibly
be the result merely of differenoes in the vigour of the
oultures. In spite of tr:is feature influencing Coker's s*">eoifio
epithet, he has not rated it very hig”ily, as he has written;-
"Ajaong such a oonfusion of forms, or awsoriptioi» of foiujs,
it is a ploaaant relief t- find one desorrWu Uiat is apparently
just Irka ours. This is Mrndw*'s A. ue Earyana var. inLftT«.-.i»fH|"
#)ioh seems identical except tliat he does not menticsi tjie eaa.y
dissolution of most of the egg»."
conclusion. The Boyal Holloway Goll% e isolate is impcrfsota
Coker, but the failure of t):e oospores to reach maturity 1»

a less pronounood ohaiaoteristic than in tW funguk desorit*ed

by Coker.

A. imperfecta tim been found in Glamorgan by

Ivimey-Cook (1936).



yuttflUS 51 identified as Adilya ajAaulata de Bc.ry
~1'"!'T aiSs‘S)

a soc
QutstartiliK? i'gatores
Mycelium Oo&rse »id rather extenelve, lypitae bcoOiidng
segmented*
0*% oaia eperadioi fruuueatly aplcuiatc, formed on

Uiiok latei-al brnTJCXiss wiiioii are often
Ganspi«i»4Sly ourred*

Hyphae stout, fofitaii'*g oyoeliua is exter»ive -
tho-afh les 8 so in A* oblwigata.

gemmae foimed espooially near the surfaoe of the
water» wWre the hypbae oecoome segmented into long
oyllndrioal portimss léiieh are usually abatrloted,
but oooasic»mlly dls<Aarge soospores by a lateral
oi“ning, while stili in position, (fig, A 4)

gporeg”ls (figs.A 1-4; B1l, 2i fUsifciEt; of a width,
in'the middle, oonsiuerably gruuter than Ut»t of
the bypha; tagwring, often to a point (fig.A 1)
Cerminaticn of the spores #dle still within the
spor«% ;iuai quite often obsoived, oven in quite
vighoue cultures*®

Oogonia (liga* G 1 - 4) usually on & thick lateral brwioh,
“ wuch, fre#ently, is ourvod (fig. 0 4) soaetiaoa
naking a oaaplcte turn. /[ usually al)wt
06~ ; '«iher-oid. or ovoid, with a short neok;
frequently with an apioulus, #a(i. majr b# si.ort
(fig.G 3) or I1«%, sometimes cxirved (fig. Cl);
wall smooth a&l unpitteu.

Antheridia ms or several to ooeh e%;;onium, on branches
"Seising as often from the oogonWL stalk as from the
main 1*"yplm, and goaetlmes ¢ro¢s thiS main hypha,

sr;” aatheridisl tubes not observed.
SSSESSS® 1-78, asually 3 or 4; ©Osti*e©Oely variable in
Bias - $g”- 40y-, often ahcut ; tjieir sise
|s; is sppsréntiy tmrelatod to the slae of the ot“fcmium;

M2" mature oospores oentrio (fig. C4).
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fi\chlya loiilaUa (ooiit.inuedl)

Oocurrance in the grjunaa. A t.enl.ative reoorii of ite
coilaction frooj the southeast pond was given in 1938. it
was collected f roia Uie southwest pond on 6th MartAi 194?
and froLi the southeast pond on oth May 194?. (It had been
collected so:ae time durint? the autunm 1946, but fee origin
of the culture had not been reoorded.}

Placo of ox*ir;ln of Isolate. Southwest xKmd (eollscted 6fe
Mai’oh 194?;. This fun”ois was not identified until 22nd ii«y,
wlitai oogonia were observed in the culture. a single-spore
culture was made on 29th Mey 1947*

PiseusSim on the formation of oos:onia. As with a. oblmg& ta.

the sporadic somewhat rai'a production of oogonia in culfere has

probably prevented its identification more c”ten in the
collections, though apparently stexdle species wife fee features
of Uie hyphae and sporangia of a. aoioulata have been «iltured
over long .psidods, e.g. a culture collected from the botany
garuen pond on 21at October 194? «as abandoned on 2Xst Hovsmbar,
as no oogonia had a®eared, though the segaentaticm of the
hyptme, and the sporangia of a shape fearactoristic of

A. aoioulata were reoorded for titis culture. oogonia appeared

in the oultures Intofflaittently up to December 1947; nme have

been observed since, probably owing to a deoiine in vigour

due to ICHI™ periods of culture in water, m the am® substraU**"

It Was observed m 9tli July I#?, that while oc”onia had been

foi'wed abundantly by growUis on tiny pieces of hemp seed.
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growths on larger pleoes In the sume oiah hou. roiaained sterile,
'liie contrast was vary striking, anu recalled the generaily-
acoepteci view that oogonial production follows depletion in

the foodsupply.

Discussion on ttie identity of the species. iho Royal
Holloway College isolate aj>yree8 well with fee aescription

of Aotdya npiouluta de by Coker, feo has commented that

the oogonia ore '"not formed regularly or aWnoontly except at
law temperature" and are i<rociuo©ci on brandies "wliife ax’© usually

bent and semetimes make a complete turn,"

A.apioulata var.prdllfica Gokar and CouCh is
said to be distinguished from the species by the following
features
fiegalac' and abunaant production of oogonia at room te”srafere;
smaller siac of the oos;ronia {yj*~ > as against 7Q"~ 80/-);
smaller number of eggs in an oc”onium (1 or 2)as s”galnst j ~+ %
occasionally 10); {pfeater fragaanoy of “ieui& te oogonia.

The Royal Hollo®*vay College isolate has shown a
aonslderable amount of variation; UiUS, in a culture scamined
on 2?fe done 1947, very few oi“onla were apicsulate, felle
a comment was mode on 1st November, "apioulus ccosaon and
pronounced;" in the November culture, a large proportion of
fee oogonia, contained only a single oospore, very few had
five, none had more; when fee culture was exemlned again ten
days later, the proportion of oc”onia wife more fetm two
oospores was exceedingly small.

However, elthoi%h fee Royal Holloway College

isolate las appeared to present some of fee featua”s of bofe
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the speoiiis and the variety, at different times, oogonium
production cannot be described as re”jular, tiie d/arz toristio

of tiw Variety which is given first plaoe by Cokei- and conch,

A. apioulatft is included in FWDSbottcma's list
(19167, and lias been colleoted from the soil of Glamorgan,
by iviiaey-cook and '{organ (1934). Forbes ias found it at
Bristol (1935a) and idanchester (19333)), and has recorded also

A. aidioulat* var.prtriLifiea in the Bristol list.

SUBCMiuy 1. There is no doubt as to the identity of fee
Royal hollo.«<ay College fungus as Achlya apioulata de Bary.

2. Single-sporc cultures of this fungus have at
certain times shown a number of the features of A. apieulata
Var. prolifioa, but iias never shown the regularity in oogonial

production which is specially oliaraoteristio of this variety.



axs 61 Identified as Afelya oblongjite de Bary

(plateb6)
(“tstsndlIDK features
Myoelium particularly stout and extensive
oogonia sporadic, large, ovoid or sptierical, ¥ith

thin unpitted walls.
oospores nuaisious, not filling ti»e oogonium.
Antheridia wauerous, tuberous, or delicate diclinois
branches.

stout, foimr® a myoeliw vAiiob is extensive, more
80 than in A. anioul&ta.

GsBKsae formed ospedally near the sui'face of ttie water,
by the segmentation of the hyphae into long cylindrical
portions; these lix‘e not usually abstrioted actively,
but oan be uiseonnectod by movement of the water or
other mechanical .me”s *

Sporangia (figs.A 1 - 3, 5 1 - 3) oharaotorlstloally fusifom
ana pointed (fig.A 2); fee spores encyst In a large
hollow sphere at the mouth.

Oogonia (figs.A 3» D1 - 4; B 1 - 2) terminal on feick lateral
branches. Which may be short (f%, E 1) or long (flg.l 3)
Very rarely Intercalary. Very large, 7" - 1237 « often
100/- , measured "the short way" (Ooker 1V23» P*132)1
ovoid (fig. B 2) or pyrlform (flg.D 4); quite often
s“erlcal, with or without a neck (fi/s. D1 and g1
respectively); wall very thin, and unpitted; a solid
or partly hollow upgrowth from the sepUna Is quite
often present (flg.D 4 )

Antheridia numerous; small ana Whberous; borne on slender
dlcrinous brandies which SOOTI disappear. Antlwrldial
febes are seen frequently (x'ig. E 2y; penetration
of the oogonial wall is effected by a very narrow tube
whidi widens out inside the oogonium (tex-fig.l);

a bright, hi*ily refractive band or area feex'e the
antheridlum makes close contact ftith the ooi.'oniai wall
is visible 1%% after all other signs of tiie antherliium
have vanished, (text-fig.2)

Oospores up to %, usually 10 - 15, but quite often 25 - 30,
sometimes o - 10; not filling fee oogonitas. Mostly
25%A*' 28.6 w, but In a culture in diamiary 1948 diere
was often a considerable rai“e in .fee vise of the
ooei>ors) in a single oogonium. F"requsntly, ani quite
early, the oospores degenerate; those that rsafe

maturity are suboentric, wife a sheath of oil droplets
to one side of U» globule of protoplasm.
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Aohlya oblor*ta (eontlnuoa)
Origin of laolate. }Tobably from southwest pond. some time
dux'irjg the autumn 1946, a pure culture was made frexs
a single hypVia. In November 1947 a alng:le-$Snore oulture
Was made.
Though a number of oultures Imtve been
obsanred of a fungus with the features of the hyp”ao
and srporangla of A. oblongata, these have remained
apiAiently sterile, and ttils spacics has not been
Identified again.
0$mla wei'8 observed in Becsmber, 1746
and at intervals during the spring 1947, but did not
appear again until January 1y48 j'eceris are
based on two sets of drawings and ofcsei'vattisi, made in
Deoetuber, 194b (£i[*. S 1, 2) arid, in January 194a
(figs. A, B, D)
Discuseion. % e Koyal Holloway Colima isolate is olearly
Achlya oblon;!:vkta de Bary, agreeir®' closely in several distinotivs
features, witli Cuker's desorlption, thou”j it is surprising

that Coker has oommenteci, '"no fertilising tubes seen."

In 1892, A. oblongata var. globosa was distinguished
by Humphrey (p.122) on the following features

Oogonia "oommmily larger than in the type," m very short
brwiOJiesj globular; 'oospores readhing twenty-five in number,
averaging ten to fiftemn;" in Uie oogonium, '"the space
unoocupied by spores is muoh more marked, sometimes amountiitg
to more ttian half of the oavlty."



The Royal Holloway College isolate seesas to
silOT] Uie features of the vaitietj”™as well as of Wie apauloa;

thus, the oogoiiia, whloii are often "globular", have bean found

ofi both short and long branohos; the amamt of the oogonial
cavity unoccupied by oosperes is often large; i1t was espsoially
so in Uie January 1948 ouiture. As the size of tile ooj*nia

is so variable, the value of this feature in distinguishin”i a
Variety cannot be stressed.It appears, then, that the a.H,C»
isolate offers some evidenceagainstthe erection of "var.
globesa."

Aollya oblonj-:ata was found at Bristol by gorbes
(1935) 'Who aise distinguished A, oblttngata var. gigantiea
on the fallowing features
The "outstandi size of theoogonia and oospcaresj** the
"rather eylinarical pointed sliaiie of umry oogonia;" and the
smaller number of oospores that reach aaturlty, she gave

three fi£"es. No fuii'"”u® with these cdrjaraoterlsti® } has
been found in Royal Holloway College grounds.



PuAgu» 78 laentifled as Actilya raourva Cornu

This reoorU i1s doubtful. 7m mlture, oolleoted
frcs! the southwest ijond on B9th April, 1947, seaaed. at first
to be sterile, but oogonia were observed, on June 2/th 71+4~*.
These oogonia were uiAealthy, the oontents of many of them
havii® degenerated into a central mass (fig®* B1). Only
rou0i drawii”s were made, and tiie scale oan only be
oceijectured. 0<r(Hu& have not been observed since*
Discussion on the identity of this fUn”rus* At the time
of the publication of Cokce.**s aionogre%)b (1923), Aohlya
remrva had not been found in America. AS for sb,roi«,
van Minden (1812) termed it "Oomu's inadequately described
and therefore dmbtful species," and described a fui”s which
he referred to it* The Royal Holloway College fungus agrees
with this desorf-ptiisi in the features vhldh are listed below:-

Tlie mycelium is coarse, ocaisisting of stout )%r#iae.

%e sporangia are few.

The oogonia are terminal, eitiier on main hyphae (fig*A 2)
OP on side branches wtiith are sli” tly curved. According; to
the eenjeetured scale, oogonia about fi%.B 1) or about
60/« (fig.B 2) are fonaed. 'Hssse fa illiibih the range given
by von Minden, 50"~ 9Cy" «

The ocgorda are ooverea with blunt, hollow splx:es,

The antherldia are bonne on branches wliioti adae either
from the oogceeidal stalk, or ftxem the main hypt*a. In von
Minden*8 fungus the nnaber was usually 3*

The Boyal Holloway 0011%” fungus disagrees with von MlInden's
descriptiw in the following features:-

The oc”ionia are not ntsserous*

Tlte oospores are not so rssnerous os to be "mostly
shout 10“, thoug-i this differenoe may be related to differences
in the vigour of the cultures*

ACoordi% to the mnjeotured scale, tM ooapoTas are
over 30/* 1h diameter; von Mindw gives the ruige as 2 - 27"
This differenoe mad not be emphasised, ho»»var, on account
of the inaecu3%cy of the drawing*
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A» goQuava OomA is ineluciad in tbs list of
Saproler*iaosse ooilooted at Bristol toy Forbes (1% "), «too
has “ven a deaoriptlon whloli agrees in essential features
v)Ith that of Yon Mituien. Foxbes,has, however, given the
usual number of oospores as $ - 8, and their else as 35,

"

mostly 27y~ 29, . In Uiese features, the Eoyal Kolloway
Collage fungus is more nearly sim ilar.to Forbes! thwi it 1is

to von Minden'S. The evidenoe in favwir of its idantifioatitafi
as A. raourva is thus strengthened.

Conclusion. The soyal Holloway College fungus is iwotoatoly

Aohlyia reourvft Cornu.



u* a» identified as Saorole,atiia forax ((Jruith)Tlairet
__________ IHSCTT

Outstanding feetm *es

Of*fWia atouTidant, on curved lateral brantdies,
Oxtreiiiely Variable in forts, but often
lyrifoitB

jlUitheridia  present on a very small pa oentai e of
oogonia.

Hsmttaa fairly stout, not usually forming a very,
extensive myoellum.

gporangla {figs,A 1 - §, B 1, 2) plentiful, repeatedly
proiifaratigi not usually mu<ai wider than the
hyphae (fig.A 1) but sanetimes iKilbous where a
soowidary sporanglum exceeds in length the empty
sporangiiBB throu”i m”oh it is gromng (figs.A 2, $).
A distaiai®cd sporangium usually has a wall mai'ked
collar (figs.B 1, 2;

Gftaaae (figs.C 1 ~ 4) only fairly abundant; irregular;
usually eloi”tcd.

Oogonia (figs.D 1 - 7» E 1 ~ 5) exceedingly readily

and abundantly formed, sometlmes after only 4 or $§
days* flrst-foitaed oogonia often teincinal on a
main hypha, later ones typically on a lateral braiufii
idiioh mry be short (fig. D 1) or long (fig. D 5;
and is usually oarvad.
Pirst-fonaed o%onla usaaUy sjiierioal or pyrlfom,

ffp ; > with a neck (figs. 3 4, 1); later ones more
variable frecvieatly 1ntercalary (figs. D2, 6;;
stffijetimes, whsa oospores ai*e formed in the adjacent
by#ia, with boUi a s*arioal part and a "threadlike
extension" (of. Coker 1923 p*40) (figs.G 4, 7);
not rarely formed inside cs”ty sporangia (fig.D 3}

' Up to 86/- , but mostly 60/- 710~ ; wall eonsplouously

pitted; pits 8.6 - 11.4 , & tly abwat 10 ;
a hollow (fig.B I) or solid (fig.K 4) uf¢c'rowth from
/N the septum is freqiKntly present.

Antheridia (flg.3.3) present on vary few oogorda, somatimes
ail™ai-ently absent from a wlture; anUicridial branch
usually arising osar the oogonia! brandi, from a
main hy%hy. Anthezidial tubes observed oooasimally.
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OQspores 2 - JO or more, often 10 - IJ In vigorous mltureg
Tn which Uiere Is also a fairly hlgyi proportion with
Jo, not idufays fllllr # Ute oogonium; wusually Sfihorical
but sometimes ellip tic through pressure (i'igs.D 4,6,7)
21 - 2%”" , usually 2Jy- ; very ctjirk at first
(ilg.E 4) ueveloplng a aonsplcaouB centrum; beuesing
paler as the oil cLropleta separate out from tdie
protoplasm (fig.B 2); centric #ien mature (flg.S 1)

I#*
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Saprolagula farax (continued)
Qocurg<anioe in the grounda.
Botany garden lllypond. r» ferax ai>peara very frequently
in collections fi*ora the botuny garaen Illy pond, and «as
found regularly, almost every week, frcm gepteaaber 23rd
to 25th November 1947» when It wiaS qpiokly and easily
identified ir. Uie laboratory, as oogonia were foztaed
abundantly in less than 10 days. It also appeared at
intervals in the early meeritiiS of 1948 - twice in January
(once when f incii of loe had been broken thzoui”, to
oolleot the pond water) onoe in February and onoe in April.
OWwr Tjonds
Soutimesjti Colleoted in October, 1933? 19" (slides)
A Ai*ril, October 194?
aouti>eaati QOolleoted in November 194 (slide)
Engineer* 81 Collootod in 1)47
Ha:6@l *s; Collected in July 1947
Places of origin of isolates. 1. Er*dJa©er*s pond (Cdlleoted
JIst May 1947) single-spore culture made at the end of June*
II. southwest pond (cdLleoted
21st «October 1947); single spore culture aade in Neveajber.
These two isolates agree dlosdLy in all essential features,
nhen compared, after similar treatment, in Decaaber 1947
and January 1948, the oogonia of 1 were femr, rather mmalleq,
and took Imiger in iq”aring than in |X; growth was more
extensive and less dense, and there was a larger number

of gwmae; they were , however, easily recognisable as



77

Uio saae spaoies. The aLlfferenoo in vigour was probably
due to the fact that 1 had been kept in ooiitinuous water
culture longer than II. In April 1948, vrh« both islates
had been kept on agar slopes for some months, I closely
api'road.-;ea II in '/Igour. iithen 1 and Il were ecsapared.
in Febi'uaiy 1948 with a culture of S» farax (Oruith) Thuret
from BaaiTi, ahe Buam isolate was esstm tially siasilar, but
atjyeareci to be sli© itly more vigorous - seme oogonia reaohea
90 in diwueter, and tiiere seemed to be fewer small ones;
Inturcalazy and "threadlike" oogonia ware per>m#i more
fréquent in the Baaiti culture.
biecussion. The Royal Kollowsy Cullep;© fungus agrees closely
vdtth Coker’s description of S. fcrax. except that Uie oogonial
pits arc lax'ger (a.t*- 11."* as s”*'ainst 4 .7 - Coker’s
m aterial) and tlmt tlie oospores seem to be more numerous, on
the average, ainoe GokSi* reports "1 - 20, mostaly 4 - 167,
wliile in the Royal Holloway College isolates there are frecpentlj
10-13 and in vigoi'ous cultures, a oonsi“ierable propertion of rai
rather large oogonia contain >0 or more oospores. Coker has |
couiiented, "neither Humpi-rey nor m find UiC large mmber of
eggs, ui3 to 40 -' 50, in an ooj"nium whitii are recorded by de
Baiy and other iuroiiean writers who stim to have copied from
liiaa. "
AS Forbes (1933) pointed out, it semos pf<A>able

that the two '"forma" described by von Mind%i '"merge into one

another,"” Form 2" ie said to be distinguished by forming



oogonia typically "on very short aide branches," but often

in empty spora ngia, while "Form 2" forms terminal oogonia,
"often on long, bant stalks," and cylindrical cogcmia ai-e rare.
AS in Forbes' material, the Royal Holloway College isolates
have seemed to sdtow Ue features of both of vem Mlnden's “fora"
in the same culture, the appearance being tliat of '"form 1"

in young eiitufjs, cmd of "Form 2" in older mss.

-S. for ax is included in Uic lists of Maesoc (IB*"1)
and Ramsbottom {1916), and w&a collected by Ivimay-Cook (1936)
in Glamorgan, Forbes (19354, b) at ariatdl m:d Msndiester, and
Brown (1938) at Aberystwyth.

Details of tbs species are given only by Forbes,
who has discussed the taxonomy (1939a°‘8”*d the seasonal
per),oddcity (1935”), suggesting that S. ferax and S. aenoloa
may be grwsth forms of Wia same species.

Ivimey-Cook and Morgan (1934) noted its absence
from collections from the soil in Glamorgan, ocEmenting that
"it is by far the oommonest in water setnples."

Summary. 1. Baprol®gnia ferax la widely districted in the
Royal Holloway College grounds, and can be collected throu”out
the year, Wt it anpears to be more abundant, in tlis botany
garden lilypond, in Wie sutuem. (Ttiis is in agreement with
the autumn peak found by Forbes).

2. fwo isolates have been made. essential
features have remained centtant over a year of cultore in the

laboratory, though there has been some decline in vigour.
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'3* The Royal Holloway College fungus is clearly the
same as the on© deeorxbed by Coker as S. ferax (Gruith) Thuret,
though It shows tiie tendency whicli seems to be oiriuracterlstic
of Uie species in Il,uroye, to form a great»’ nuabar of oospores
per oogonium, on the average tlian the Aaaiioan species.

Like utmt of Forbes, the Royal Holloway College fuiigus seems to
show the features of Wie two "forms" as distinguished by

von Minoen.



oiisrus 9} identified as Sapi’olcgnia saonoioa vsr. gioaerata Tiesenhaussn
— A (EaUs'"'#
Outstanding features

Oogtmia, abundant, almost as readily formed as in s.ftrex
oliaractejptstieally more spherical tlmn in
S. feraxj usually on verjr short latoral branches;
oftan laterally sessile on main hyphtie.

jUJtheridia prosent on all, or almost all, oogonia; wusually
several to eaoii oogoiiium; typically on clustered
and contorted brandies.

Hyphae rather fine; irycelium not very extensive.

gporangia {figs. a1 - 6; B 1 - 3) not usually ttilokcr
wiih the but widening slightly, towards the
tip (fl*;.A 3)» prolll'crating; “i-equently bulbous
when a secondary aporangluci exoceos in lepgth the
empty sporangltBa Wii'ough wiiicli it is grouiiig
(figs.A 4, 5)J later-formed oies often rather
irrepular {fig. At); sometimes segmented, dis-
duvrQIng by lateral opsiduigs (fig. A 2>; erapty
sporangia with a well-raai‘ked collar (fi*. B 1 - 3)

Gemmae (f% s. 0 1 - 7) somewhat pearshaped (figa. 0 3» 6)
or irregular (figs. G1 - 4, 7); not usually so
elWjgatSd as in 3. ferax.

oogonia (figa. a 1 - 7: R1 - 3) abund*..t, and ragdily-
Formed, aonaetiiaos within a week. Spherical; generally
on short , lateral branches «hi«A are usually straight,
but occasionally curved. (fl1*.E 3; D 2, 5» 6);
frequently sessile, even including part oi the iiypha,
(figs.D, 1,4,7)» sometimes intert*ary (fig.D 3).
35/-~ 90y., mostly bj/-- 75/ » wall <»nsplououaly
pitted, lilts 5»”*-' 9«8a ¢ mostly 8.6/. , frequently
& hollow (figs. S 2; D 4) or solid (figs. D 3, 5)
upgrowth from the septum is present.

Antherldia secaevSiat tuberous; applied Iny the apex to the

oi*caiius! (figs. 3 b, 7), cm branches which are topically

W “(dustered and contorted" (of. Goker 1923, p.31) and
arise usually from tW main hy#ia bearing the ooponiuai
(figs. 3 2, 5 7) soaetimes from a distant one (fig.S 3)» *
oftai, the antheiidial branches arc thamselvos branched
again (fig.D 7) md may occasionally a brandi
to another oogorilxm (fig. 2 })» Anthericiial tubes
often seen.
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GiosyoTOS 1 - mostly b - 15, not often more than 25;
25U-- 27/. , usually 22/.- 2%~ 1 generally splierloal,
but sometimes ellip tic thrcwgh pressure (figs. D1, 4);
dark at first (f*. B2) developing a conspitsuous
centrum (fig. S 3/, and becoming ligliter as tti@ oil
oLropa. sepiiTato out frcKo tlie iu’6tojaasm, as in
s. forax; matux-e oospores oeptric (fig. E 1)



Sapx’olegnla monoloa vai\ Rlomerata (oontinuad}

Qcourienoe in the .groumUse
pacacn lilypond. Like a. i'erax. s. laonoica var.
tdomerata appo&xs P’re*quentiy in collections from Uic
botany garden pond. Thougli it hau boen oolleoted twice
in hovomber 1940, it was not seen until December 1947
after the autuian at the time vhen j. ferax was appcarii®
30 frequently. It appeareu twice in January 1947 (once
vsiisa $ inch of ice had been broken tAjrough, to reach
the water) ana onoe in February. Between 29th April
and 24th June 19-17 it was fo nd in almost every eollectiosj
thou#i often badly parasitised by a speoiea of dpidiopsis.
Other popos.
Southwest} May, November (tdcc) 1947
Engineer's: May, June 1947 . ;

p -

hazel's: May, 1947

' '
. B B

I Engineer's ;xond (oolleotea loth May 1947) Binf"e
spore culture made ijx June# 1947%

IT Southwest p(md (collected 4th Movmber 1947?)
singla-spora culture made in November, 1947.
% ese two isolates agree closely in all essential feature”
I, however,"pears to hme declined in vigour, and cannot
be relied upon to pi*oauoe oogonia e.g. as was shown in
Mardi - April 1948, «hen eii turcs of I and II had bemi

treated in the seme way, Il produced misaeroua 0% onia.



vdille I produced none, but formed a moze extensive growth
with a large number of gemmae; moreover, the oospores of I
average slightly smaller Uian II (22 - 2)/* as against 24y. )«
However, during the period of wzlture, II liae itself shcsm
some variation, having an,average number of eggs of b, 8 -10»
or 12 - 15, at diffei*ont times, aliowing a range in the siae
of its bospoves of 20 - 27/. » Differences between the

two isolates may Uierefore be regarded as nsi®“igible.
Discussion» Coker has described tiie ariUiezldial braixHies

of his material as "aiort, typically clustez'ca and contorted,
often brxmOiod, arisirg amro”nously from Uze main branbtss
near tlie oogonia or at times from the oo”raal stalks, not
rarely reaching also to nearby oogonia <m otMr threads
(diclinous), antherldia pear-shaped or tubezous, (me or more
on every oogoniima." liii» would also serve excellently for
the Royal Kolloway College isolate. However, the oospore*®
of the Royal Holloway College fungus (usually about 24/-) are
smaller than those of Coker's (Usually about 25 - 27)1) and
appear to be more numerous, as Coker reports "one, two, or four,
occasionally six or eight, rarely 20 9or more?)", in this
latter fcatuz’c Uie Royal Holloway Coll% e fui“gus s“pproaohse
the specie* S. aonolea Prii*stieim, although it does not
resemble it in other features, and is ~tlx*cly different from
the culture of this specios, received from Baaz'n. It is
interesting to note twt while Fwbes ttas reported for her 7
isolate of the variety, "oospores 2 - 10 per oogonima, usually

3 ~ 5 2& " dlaaaster, mostly 26~ 2 ~ “, she has also



desorlbed '"foinas Intermediate in the aiae of the oogonia and
the number and size of ttie oospores," between the spsoies and
variety, (f'orbes had collected both.)

R. mohoica var. glonerata has previous/')been
recorded in Britain by ivlaejr-ceok (1936) in Glamorgan, and
by Forbes (1935) Bristol. It is recorded as S. glcaaara”
(Tiesenhauson) iimd by Ivimey-cook and Morgan (19J4) who had
collected it frcta soil.

.uiatoaiy. 1. A spedes of Saprolaimla itRioh has been isolated
twice durln,-; the present work at Royal Ifcllcway College most
nearly rssembles S. iconBlea var. glflwwf*a Tlasehhmisen, as
described by Coker, Wiough it differs in the average size

and niaaber of the ooslores.

2. Though some slight variatism in tW number and
sise of t"is oospores has been shown by a sin”e isadate, this
fungus has definite and diaraoteristio features vtoidh 3mve
ramainod constant daring the period of «ilture of a year, and
by wdiich it oan readily be distinguished.

3* 'firiSafunguB is widely distributed in tJie grsRinds
at Royal Holloway College; it oan be collected from the seme
sources, at the same time of the year, as s. ferax. Wt appears
to be laore finaquent in the months April to June, wliile the
latter seems to have a maxiimen frequmoy in the autumn.

(Forbes found a maxlimm for Uie species, 3. monoioa Prilr*sheim

in March).



gungu» 10:

CkitstandIng

"

Ideritlfléguas "37rol8.i:nla iiaradoxa M aarizio.

feature; clustered fondation of oogonia on
braniiliea arising in a position unu
maraior similar tu thusu of tiiO
aritiifo'iciia; variation in tiie size

of the oospores in a single oogonitan.

Sporangia (figs. A1 - 5 B 1 - 3) relatively slender

oogonia

and delicate; emtpy sporangia usually vdtti a
w@ll-ma.ried collar (figs. B1 - 3)*

(figs. C1-7?; 0 1, 2) readily-formed, on
laterial brandies wbloh may be stiort (f% s. u 1»
2, 4; 01, 2} or loa*;: (f% s. 4 5 - 7; D 2);
very ooeasionally intercalary U'ig. C 3>% A
lateral branch may diviae equally (fig. D 2) or
almost equally (fig. G 7) into antheridial ana
oogonial brandies; and seconuary brandies given
off from tho oogonial stalk may form onttiaridla,
as one would ex”ot, or oogonia (fig. b or
both (fivs. ¢ 3> 6); an extreirie insianoe of the
latter is shown in fig. U 2.

Spherical, with a short nook; mostly W6 - B6/-,
but a proportion of smaller wius, 43 - 83/-, it>
usually present; pits oonspiouous, 3.0 - 8.6/-
mostly 7 - 8.b/-; an irregular refractive deposit
is sometimes present inside the oogonicm around

a pit under an antheridium (fig. D 1). /ai

upgrowth from the septum is oft»i present (fig.D 1),
unlike s. maxoioa, this is not usually hollow and
pointed. ~

.Mitheridla sm rather thick branoiias frcm the oogonial

stalk (figs. ¢ 5; 6), tiie main hy#ia bearitsg the
oogonial branch (fi*. C1, 2, 4; D1, 2), or
from another hy#m (figl 0 1>; ocbaslaxally arij:'bn
by the forking of a lateral bran<”® (figs. 0 7» 2
fhe azitherioial branches are themselves sometimes
branched (f1*. C1, 2, 4). Rxtremely delicate
brsi«aies from the anteieriuia .are often observed;
(fig. Q2); these may be related to the frequent
blocking of the pit under the antheu'idimn by a
refractive depo”. (fig. D1).

Oospores usually 6 -12; often /5 or more in the lazier

oogonia, or wily 1 - 3 the smaller ones;
extrmely variable in size, small ones abcxit 23/-
or even *5/-, present amoi% the rest, whioti are
aboit 30/-. (figs. C 6, 7; 'p 2) mature oospores
centric.
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Alaprolaigila paradojca" (oout»toaed)
Ooaurrance in the gxonnds*

Thie speoles lias /“en observed frequently In
eollacto-ons froii the botany gar ion lllyaorsd, and ww)
collected onoe from hasel*s pond,

rlaoe of orlf in of isolate.
Haj:sel/a pond; 1st July 194J. %@ date on

tte sljn¢:*le~spore culture was made -was not recorded#

Disonssion. Particularly” In a young culture, this spoaies
appofiPs, at first glmoo, to restgable 3. monoioa var* Hlc*omta#
but it is easily distin*xlshable from it, later, by tho loi%@r
oogonial branches, larger oospores, on tho average, and thicker
aisitheridial branches, which are much less oontorted and
bratiohea.  These are e<mpwrative oistinctions# The uic’it
Oiitstandliv; ana characteristic features of > imrs”*xa are
the |>Ocullia’ relation of tixe aiitaeridial to the oogmlal
branches, aJid the clustered appearance of tliC oogonia in older
cultures*®

In her account of the Manolxester colleotim
{1935»b), Forbes lias written; "Sexual org”'is strongly reseaibling
those described by llaurl*alo aa cliaraotorlstic of iii.s species,
s* pax%d0xa, have twice been obtained in the present colleotlone,
on hy”“ao which also beai' organs oharaotcristlo of S# monoioai”
The Royal Holloway College isolate aiirrees well wltli the
description and fipir:*s given by Forbes, partimlarly in

two oimraoteristic features m whioli Forbes has commented;-



"oosporas often of vary different sises within
tho sariie oogonium.'*

"The mithorliilal stalks themselves bear lor
oogonia." (SliOWii In the flg.l a.;

Forbja has written also: '"The oocurronoo of
these sexual organs, however, on a myoelluw whloti also shows
the caiaraoters of S. monoioa, suggests tiiat Uio so-called
"species*® 3. yaraaoxa is no wore Uian a growth-form of this oK
vary vaaZiajjle apeeiya. It lagy be naajed 3, iaartaioa f. parad
However, as the Royal Holloway College isolate has rmmlnod
constant, and dlstlnot frecm S. monoioa var.' glomesata (thou”
showing considerable rasoaaiianoe to the latter) throu”nmt
a period of culture of nlm months, It oan 1"kWdly be regarded

as a growth-form of 3. monoioa - particularly as Forbes *

reference is presumably to S. monoioa PrliiPjsWim.

Conclusion. It would see best to regard the Eoyal Holloway
College isolate as a variety of $. monoioa» on equal standigf"_ )
with S# monoica var. glomorata, while the latter is so naisov .
I would suggest tiierafore that it be called Euprolegnla mcmoiga.
var. paradoxa.

*S. paradoxa" hay b«en foutul ab» Manchester by

Forbes (1935b) and at Aberysti*th by Bro«n (1938).



Furenis 11; iaenili'ied as 3aprole,?5ila diclina iimspl-irsy
T a ata

CHxtstandini? features

Gammme  numerous, ofutm in vary ioug o”iains®

Oogonia exiraciely variable lin vaUi thin
unpittad walls.

Antheriola numerous, diclinous, antherillal
tubes rarely seen.

Oospores numerous.

not Uiick, but quite extensive.

la {fif's. A 1 - 4; Bider Wiw* the I'lyplias,
roadsn'iiig' toisaraa the Up; rila”*ilvoly short.

Dea»a« (figs. B 1 - 3) auroarous in caost etiltures.
The first getuaae aia fometi as texinlnal swelllnrs,
whicJi are usually pyrifora (fl,cs. b 4, 5) but
sometimes elongated (fig. B v). I»ator ones fO%
formed In ohains wi.ch are often extremely long
in old ouiteres (figs. i - 3» 7)* then t"e
Gultur© water* is rCiVeshod, they act us sporangia
and dj.Bidfca’ge aoospores tlirough lateral thln-
wttlled exit tubes, (fig’s. B 7» 8).

Oogonia (figs. C 1- 10; D) wusually terminal on main
Tiyphae, oocivsianally intercalary (figs. 0 1, 8);
sometimes two or more in a row (fi,g. C 3);
sjrierioal or pyrlfonn, wiWi a nedc (figs. G1 - 4,
10-, owld (fig. C. 9) or elongated (fig. 0 7)
occasionally * *tly filamentous (fig. ¢ 3); not
rarely aplouiW,e (fig, C 6,.
xxtremely variable in 8ijd0, 4.1 - 90" in len»;i;th,
possibly longsr.

Antherldia numerous,.siaall. Use antiioridlal brgurfchss,
whi<ai are always dielinoua (figa. C 1, 5)» a*S
delicate mm soon di*ap:.>aai'. jbitheridial tubes
are seen occasionally.

1 - 20 or more - 23-28 , mostly 26
centric.
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ua.prolefiTiia d lollna (ooxii/iitadj
OoouiYencp In Jtjiie ;:roui'KI8» i'uzigus woa iilenW .flpa in
a collection frcm the botany garden iilypc»jd made on 1st July
1947. The soai’Gity of 0(%onla umkos itaacn tifiaition
difficult, and althoa” fang'i producing geiaaao with the
features of those of S» uidina have been obseacvea in iuany
ooliectiuns, this species has not a”aiia ueen recorded wiUt
oertainty.
Plaoe of orlbdn of isolate uueeoortted. k sir*la-spore cultAirc
was made some.time in Uie autumn of 1947. Gulturcs hwe been
kept for long periods laithout tiie apj..earanoe ef oug<mi&. The
record is based on t«o cultures, grown in April aixl M# 1948,

in -Aidi oogoriia were formed atoundaritiy.

Discussion. The oospores of the Roy**! Hollow”* Goll«?!« isolate,
23 to ~ ~ , mootly 2 o , arc larger on the average than those
desorlbed by Coker (20 - 26~ , mostly 23 - 34”7), and it se”«i
that anthericiial tubes may be observed more frecently than

in Coker's fungus. Despite these skisH diffex”noes, tlie Rc¢?al
nollowfy Gollsge fungus agrees well «iWi Coker's desoription.

It is olearly Sanrolegnia iilolina Maaphrsy.

S« diclina has been found at MggicMster by
Forbes (1935b) and in dlaaorgan by Ivimey-Cook (193d),



Puneus 12: identified as sauraioenla ataisospca»a do Bary

12)
OutstarKiing features
Zoospores of diffei'ont sises.
Oog<n»ls sjpradlo in their acpearanoe in culture,

Antherldia psoduoing antherldial tubes with a diaraoter-
istio mode ca' entry into Uie oogonia
Oospores rarely maturing.
Pyt&iae delicate.

gporangjg. very varitdile in size, liberating spores of
different sizes.

OOBmae numerous in some oultures; spherical or pyriform
AR LV d /1

Oogonia (figs. 1 - 3) sporadlo; wusually terminal on slender
bypae, sometimes on lateral branches;
spherical, with a neok (fig. 1); 40-b3 , mostly
about 45" » The wall is unpitted.

Antherldia often numerous (fig. 3)| rather email, on
sleiaief diclinous brun<”es which soon disappear.
Antherldial tubes frecgiently seen (figs. 1 - 3).

A narrow higlily-refraotive band is usually visible,
where the antheridium makas close contact with the
ocgonitao; the antherldial tube usually expands in-
side the oogonium, to a considerable width (f.g.2)

Oospores 3 - 12, or more; wusually 4 -6. 17.2 - 2>.4"7,
mostly 20 - 30A ; sometimes oospores of very
different sizes ore present in a single oogoniica
(fig. 2). The oospores rarely matui‘6, tiiou”
the proportion which reach maturity is unusually
high in some oultures. Nature oospores are oentrio.
Bisorgfxnising oospores form mmMrous oil gloW los
of va“cus sizes, Ooct*ionally a single large
globule appears at a certain stage in Wie process of
disoiganisation, givii*» the egg a deceptive appear-
ance of maturity, with an ex-centrlo stmcUu'e. In
fig. 1, the oogonriaa owtalns an oospores wtiloh has
disorganised and degenerated even before thickening
of the wall has occurred.
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Sapx“iilaijnla anlsospora (continued)
Ooourgenoe in Royal Holloway Ctd.lego gtgouniis» Ikis fungus
has heen oollectéod from southroast and south—"isat pcoKis, It
seemed to be present in a number of the colleotlons made

from Uiese ponds in the autumn, 1947?. Bio uates of its

appearances were not recorded, because of some umeertainty

as to the Identity of the 0% (mla, whidi show owisldel'apie
sim ilarity to those of S» delioa»

Plaoes of orijgin of isolates 1. South-east p(mi (coll*
29rd Sept. 1947). A single-spore oulWre ,vas made in

October, 1947.
II. South-west ptmd (coll.

2nd Oet<A»or, 1947) A aLrjgle-spore culture was made in
December 1947. ii-e preomtion waa t“dcen of mWcing a s1% l@ -
hypiia oulwre also, in case growths frtaa sii”le spoees should
be found to produce zoospores of one sise only. Prom general
observations, it seems unlikely that this is so, but the
problem has not been iweetigatod in detail.

The produoticm of OQogonia has been aporj>dio. They
were observed only rarely in isolate I diud.ng Uie autumn, 1947
and seme cultures wsaained entirely sterile, Gasmae, however,
were produced in large numbers in these oultures. Oogonia
were formed abundantly in oertain cultures in March, 1948,
on lahtoh tlie record is baaed.
Conclu8i<aa. Wiere is no doubt as to Uie identiiioatlon of tt'iis
fungus as Sapfolegnia anisospora de Bary. No previous record

of Ui© ocourrehoe of toils stoles in Britain has been

published.



Punms 11: 1aentiije”a|*"Piastpgwyce” de Bary

2asiiy distinguished from SapgoXetmia am Aol)ly'a
included in the present Royal Kolloway Collage list,
by its extranely dalioate hyphae and sporanf'ia, end
small oogonia, and from Ar”“hangaycos stellatus by its
smooth-walled oogorua*®

i*TDhae extremely fine, usually forming a close mat
on the substratum.

Sporfjigla long, delicate; basal septum usually
aiffioult to find, especifilly as the sporangia
often extend right from the subetraturn; not
appreciably wider than tlie hyph iS. spores
formed in a single row, encysting in a loose
cluster at the mouth of the sporangium (fig.A)

Gemmae absent.

Oogonia (figs. B 1~5) formed readily in the labor tory
and culUires can be kept for mmths without their
ai“aranoe, as Jxappenod in Doember 1947 to i\pril
I1"B; wusually formed close to the substratum.

22 30~ ; more or loss s”iierioal, UiOi*h
usually distorted the anthor-
idia; scéoth-wailed; wusually *ith a long neck
(fig. B 2); septum often uiffim It to see.

jjitheridia relatively lar”; borm; by 1, 2, or )
braixAes; mually diclinous; rejjeatedly branched,
and wa””"Ilng round the oogcmium; the delimiting
septa sometimes invisible (figa, B 2, 4)

Oospores single; 17-25/-» wusually 21 - 22/-; not
nearly filling the oog«iiuia; ex-o ntrio shen
mature, but it seems tltat few roach m turity, on
hemp seed. 1In fig. B 1, the oil has begun to
separate out froa the protoidaam.
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Aj i&noffl,yc88 (continuel)
Ocourrenoe in trhs ?rouncis. The eoaroltgr of oog<»iia mitoa
identy»ific<j.tric« difficult. Uniuoritlfied species of Aii*iantMaycas

collected from soutti-west pond in 19j8 (slide), the botany
garden llly-pond in QOotbber iy47, and south-east >ond in
November 194"/ (twlca) may possibly have Fsen A. laevla.

Other collections arc listed as fdllovisj-

rood uate of oollectiop date vWm oogonia ..ere observed
south-east 30th Sept. 1947 19th Ootctosr 1947
(wlU-» A. atellatusj
" 21st Octcteer wlture {a)l19th November 1947

oulture(b) S till no oqjonia on
2nd Jaimttry 1948

" 2nd December 1947 1st January 1948
9th December 1947 1st Janucury 1948
SoatJj-west 14th iiotober 1947 27th Novmber 1947

(Except between December 17th and January 1st the ofltures had
been exaoiirjea at frequent intervuia.)

Plaoo of oriizln of isolate soutii-east pond (coll. 30th Sept.
1947). % 1s fungus not been obtained in sinjjle-spore
culture. The curawings were made in Octcfeer and havener 1947

from a .single-hypha culture.
PisQuasion. The Royal Holloway College isolate is clearly
A. liieVis de Bary, aooorulng to Coker's descripti»»»; * the oogon-
ium is figured with a neck (Plate 95» figs* 4, 7) dxldh is
especially long in fig. 7% In only one figure (ilg. 6) la an
antheridi& 1l septum shown, despite the fact tliat in two other
figures (figs. 4, 7) die ooapiiere stage has been rea<Hied and
antheridial tubes are shorn.

A. Ittcrls htiS been found by Trow (1895), has
described how he obtained it in single-spore culture, &md by

Iviraey-cook and Moi*an (1934) viilO hava collaoted it from soil.



.urasis 14i Identified as AKtoanciayoas stellatus da Biucy.
A % U A

ifaaily distinguished ii'oa speeiea saproleggiu und Aoliyla
included in the pi*esOnt list, by its extremely delicate
hypfcae and sporangia, and small oogonia, and from A”ian»
laeyis by its papillate oogonial walls. sometimes para-
sitic in the hyphae of a sijooies of AOtilya.

Hyphas extremely fine.

Sporangia ap”»rently cudi the saae as in AEitan. 1" " fia.

gemmae absent.

Oogtmia more or less spherical, \«ith hollow papillate
pVoieotianaj septum usutlly difficult to see, if
present. Xntrematrio®d and extraoAtrioal.

fintherldia relatively large, rather tuberous, on branches
from the stuae hypha as the oogcaiium (fig. A 1) or from
different ones (fig. A 2); branched, but not nearly
so numerous as in Aphan. laeids; septa difficult to
see, if present. Anthcrldlal tubes not observed.

Oospores 16-2i><-; «iisn mature, ex-oentrio, according to
Coker’s d éfinitif (19="3t P.IO), with an inconspicuous
lunate series of droplets cane side in optical secticn
(1923, p.lb4) as in fig. B.
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Apttunomyces styellut>us (continued)
Occurrence in the frrounds. south-eisiat pond, .JOW Septsu&er,
1947, and 30utti-i«est g«ood, 14th October 19*7* Drawings of
oogonia were made in October. Attempts to isolate the fungus
mwere unsuccessful. Continuous culture on Ximg seeds was
tried, but when tlie culWres were examined In Januai-y 1948,
AiAmn. stellatus somed to liave been I'eplaced by a species
of AOblya. whidi was unhealtly and dcfonaed, aad could not be
induced to form oogonia; examination of its hyiJhae revealed
the much narrower ones, and oogonia, of Aohan. stellatus inside
them (fig. B). Extramatrioal oogonia, also, were f«jtnd on the
mycelium among the bases of the AoMya hyphas, A pix«,

apparently healthy, culture of the Aohlya species «as later
obtained from this, WiltA fomed an extensive, rather coarse

(tyceliiBn. Ho oogwla Imve been observed at any time in #"4 «
isolate of AOhlya.

PisousSion. Coker tios desoribod this species as “typically
saproplytlo” but has also ocwiaentedi “We have fotsid several
times in Chapel Hill a form of this species differing from the
typical only in being parasitic on species of AddLya. Ths
plentiful oogonia are borne both inside and outside yae A<”"ya
thrcikds."

Mihanomyoea stellatus d® Baqr Ima been i*aoorded in the lists of

Masse® (1891) and Kamabottan (19If)},and Ivimsy-Cook and Morgan

(19>4} have collscted it from soil.
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In t>he autumn of 1946, #ion oallaotlons «oxa
being meda of pondviater from various Bouroas in the grounos,
a fungus witiiv largo ellipsoid, sporangia borne w str{3ng,
raore or less undulatii® aporan{jiophorea, frequently appeared
on the bait. ihe large size of t<he epoiwt'iim aai the marked
variety of habit immediately drew attention. Thus» #iile
tufts of sporangioiaaores were somotiiaes found branohed in a
cymose manner, the spurangia being ronewed by subspora»i*ial
branching, as in text-fig.l, more often sporangia were found
in whlia: multiple proliferaticm had oooirred, as in te% t-fig.2.
The base of a seocsKiaiy sporangiojtiora was usually conspicuously

undulated.
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The size and aiiape of the sporangia did not
enoourage the Identifloatlon of this fungus as a member
of the genus pythlum. Moreover, the wide lyntijae, imbrandiied
for owisiderable len*”hs, and filled with ooarse, ratzier
dark protoplasm, presented an api“earanoe decidedly suggestive
of the Satrolegniaoeae. Although many sporangia were
watched oarefully, spuruldion was not observed until the
following January, by whidri tiioe experience had revealed
the sign* that indioated ismiincnt dis char protoplasm
was then observed to escape into a vesicle, witliin vhit*i the
maturation of the zoospores occurred. Subsequently, the
absence of 0% onia but abundantformation of UiiokwaXled
ohlamydospores seemed to oonflim Wie Idcntifieatiai of the

fungus as FytMuiB undulaUuc Petersen.

The apparently ocaiSlierable degree of
differentiation of the protoplasm before its emergence from
Uie sporangium, together with other features, seemed to
present P. undulatw us a particularly interesting subject of
study, and reference to the literature on it did indeed
reveal a number of problems. Gonsequently, a oarcful study

was oari'ied out an a culture isolated from a single spore.

In htoAch, 1947, a detailed account and diswrssicn
of P. undulatua, which had Wen “blished by Drechsler in Oct-

ober 1940, was disoovored and read. Close at"ement was
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found between tho Pxjyal Holloway Goll@;r@ isolate and
Drodisler’3 account. However, several yoiiits se"md to

justify further investigation, end the studj' i?7u3 oontiimed.

MUSUQDS OF STOOY

Maintenance of cultures

TIC 8ingle-spoi*e <ailtui*e, isolated from material
collected from the lilypond in the botany gtnxd&a ha
September, 194c, has been maintained on a vjiriety of agar
slopes, dilofly ooiiimsal, oatmeal, arid malt. Single spore
cultures have been made again twice, from subcultures, in

Jtnuary arid February, 194?.

Satisfactory -kvrswrth Is obtained on most media.
The rate of growth of p. undulatum is remarkably rapid, and
cultures fairly free from bacteria liave been obtained easily

by fijyier’s method, oeacribed in the section on yapi‘<d.egnlacea©»

Production of ?-poran<gia

Sporangia are not obtained readily, or in any
great quantity, when portions of the usual kinds of agar
permeated with mycelium, are transferred to sterile distilled
water, even when the water is repeatedly refrestwi. AWndant

prod.uoti<m of vigorous sporangia has been lynticed by the



following mathous:-

1. Use of faamp sooda of substratum.

boiled half hemp seeds arc “liaced on an agar
culture, usually conmieal, two or Uirtse detja after innom latloit
and the treated plate is incubated at 24% for about twenty-
four houra; Uia half seeds are then transferred to sterile
distilled water in Petri dlslies and left at ro«a toiEpsraturs
for another twenty-four hc»irs or less, on exjffiiination, the
out surface of the seed is usually found bristliiig with erect
aporangic”oras bearing sporaz”ia which discharge throughout
the day. A supply of sporangia for the next day is usually
ensured by refreshing tt*e water, but furWner production

cannot be relied upon”Uie onyoeliimi becoming exhausted.

2. Use of special m trient agars.
Ca) liiailkk) seed attar can be made from a #m tlty of boiled
hemp seeds removed frou the testa and ground to a "Ip*

10 ~.jss. dextrose)

15 gms, agaT)

1000 0.0. distilled Water .
(b) watorlily uecootion s”tar lias been made by washing well
three goodsized healthy watsilily leaves, cutting them into
small pieces, and boiling and mashing them. Die filtrate

from the pulp, and IS gps, agau‘, are made up to 1000 e.c. with

distilled W ater.

Portions of & culture on a thinly-poured plate

of either of these agars, transferred to sterile distilled



water two or three days after innooulaticaj, usually yield
nuraorous active sporangia in one or tm days. Good production
of sporangia may be encouraged by ohanging the water once or

twice on the first day.

These methods have not been found equally sueeesafUl
at all times of the year, as production of sporangia is ;

depressed by extremes of temperature.

Examination of zoospore Germination

zoospores have Iceaa watched under different H
conditions:-
1. In sterile distilled water or dilute sugar solution under
a ooverslip on a plain or hollowed slide, and in b@nging-dr(%i
culture.
2. On a film of agar, usually oormjeal, poured Uiinly over a
slide or ooverslip, and [placed in a damp dhtmber, or covered

with sterile distilled water.

The zoospores have been collected for observation
in Various w *s;-
1. By drawing out wat«r containljijg lars”® numbers of swimming I
spores by moan* of a pipette.

2. By placing ooverslip*, plain or covered with a W n film of
agar, in the bottma of a Petri dis): containi%% active sporangia,
ana leaving them until a sufficient number of zoospwa# have

settled on t&iwa.



3, By nlpping off aporangiopiiores bearing sporangia whibn have
disotmrgeci zoospore* into a vesicle, and urawing tht«n off

by means of a plixatte. This method usually peimlts of quite
rigorous washing of tl»a discharged sporangium and vesicle, as
the latter is relatively tough; certainty of the origin of
all spore* frca a partiouilur sporangium is thus ensured*

If tlio sporangia are aip|>ed off before Uiey di.scharge, and
transferred to fresh water, they are liatde to show abnormal

behaviour as a result of the distuibaooe.

Examination of

Chlamydospores are formed aWndantly after a
few days cm waterlily deoqti<»> agar; then early foanatlon
on other agars such as oonsBcal has been induoed by placing

boiled half hemp seeds on the culture.

Atteaptf to Induce the Fonnation of Ot”*nla

Cultures iiave been made on a large variety of
media, under different conditions.
ém s*

Gommeal, oatmeal, malt, potato dextrose, Wan#
dung, tomato juice, hemp seed and watcrlily decoctim agars have

been used botii at full strengUi and diluted.
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solution» «

Khop's, Petri'$» ancl other salt solutions hove

bean used, usually ooatalnln,c; & traoe of ferrio aStiloride,

'fho addition of small amounts of soil, grated
carrot, and macerated portioBS of plants, espocially waterlily,

has also been tried.

Conditimis.
Cultures have Wen kept at Various temperatures -
on ttie laboratory bercA, in Wie incubator at 24%, end out of

doors.

They have also been subjected to «“wnges, by
alternate periods at low and hi®i temperatures. For example,
during ttid frosts of tT'O winter of 1946-7, some of the diluted
agar cultures buried in san est in“the laboratozy saad kept
there for a few days. Cultures kept on the laboratory roof
in milder weather were, of ooui'se, exposed to omsldorable

diurnal changes in temperature.

Despite the reccrnuend&tlm of a number of Wiese
meWiods for inducing the fondation of o(%onia, no success has
been adileved with P. uaadulatum. Middleton (1#3, p. 7 ) iias

found oomeieal agar Uie most satisfactory medium '"for studying

sexual reproduction in pythlum." and iias su”ested the



addition of “a small amount of sail," or of "whole or

taaoerated portions of the heat plm t fm u wiiicfi ttie fungus
was obtained," for species wiicai do not readily fora oogonia.
Die use of a gratea carrot agar for oogardura-produotion in
Rrtiium had been sugifestod in 193 by Joliann, and that of
hujlius extract in 1933 by Itmds and Dopp. /Jtthou” the latter
workers olaiaed to disprove the hypothesis that the value of
humua extract is in its irw content, traces air iron have been
added to Ww solutiona used in the investigatimi,with tiiis

possibility in mind.

Putk, Ivi  lin dkJo.tu.rn . Spor«xrvgio-* rec<n-c/eot
)

a,r&cfly on StnSth've. X 30-

/lr
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A 3luiw OF piTHiua uMDULuWiDM PirraiiGQ” iica/;.ailiG
— 1Hmr _

%0 sporamima

Cura am develomcat.

In a vigorous culture» the aporcagiuia is ellipsoid»
often up to /jiyu. in lengtti under favourelile conditions,
occasionally rosoiling 120" ; it is borne on a sporangiophoi-e
wJi-oii is 6 - 8y. in widUi fox' ttoe greater part of its length
but may widen to 12 - IS5 Immediately under tlis sporangium.
This widening; foxias a very distinctive feature (fig.l). The
largest sporangia au*e obtained on natural media such as decayi%
waterlily leaf, or on boilod rose hips, and a good size is
reached on hemp seeds. Large vigorous sporangia are formed
when portions of a culture on watcrliiy decoctim agar, or
hemp seed agar, ax's put into distilled water whi” is i%p@atedly
refreshed. If less favourable media are used, or tW
culture is beootaing stale "id generally declining in vigour,
smaller, fatter sporangia are produoed, of sudi dirasn“oos ea
30 X5 0 (fig.IX). lAioer vexy unfavourable oojKlitions, the

Sporangia arc of variais, often irregular, sJriapes. {fig,III).

\¥hatsver tiie ultimate shape of the aporax”lum,
it originates as a spherioal swelling, terminal on a stror”
erect hypha, the sporai“ioj*ore; it remains siiicricul un til

it has reached a considerable size, after ntfjiech it develops
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into an elongated, shape i*iUi a blunt awx. %en the swelling
htiS attained its maxirMQ si«e, it is cut off fvm the spox’angio”
pViore by a septum Twhose plane la usually flat at first, but
booomcs archoiyjup into W&a syox'an*“iuiw In daxielike fashion; after
its for>jaticn, the apex of the sporangluia loses Its blunt
outline and becanes more pointed, and the sporangiiua assumes

its oharacteristile ellipsoid shape, with its greatoBt width
about one-third of its length behind the apex. The protoplasm
of U.e mature spOi-ari*iiua has a coavse, dsa*k app-jaraneo owixig

to the presence of numerous, relatively large oil drops*

(Plate /S5, Bfigs. 6 ; texVfig."}

R"3
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Sporulation.

The first sign that a sporungiuza is preparing
for disol'iarge is in the aijox“which gradually beocmes pale
as the granular contents withdraw froui it wuntil tiiex'e is a
narrow ooi#l8i,alLy hyaline sane separating the granulai’ proto-
plasm froio the tip of tW s”iorangiusi, where the wall is slighW.y
more refractive tlian Wuit of the rest of tW sporangium,
(text-fig. 4a), The brightness of tMa region increases, as
the refractive part of tiie wall tljtickens its area extends,
forming a gleajaing cap over the more or less pointed apex,
with a slightly convex tiiiokening directed inwards from the
very tip, (toxt-fig.4bj. Viewed in optical section, the
zone between this cap and Uie protoplasm is oomijlstely dear,
while at high and low levels of focus seme gi'amles may be
seen, extending rigdit up to tho eap; thus it appears that the
clear zone is an almost s#ierical région lying in a caiplike

depression In the protbplesm, (text-flg.40)

a b c
F9 4

At this time, numerous small splxerioal hyaline
replions or bodies can be clearly seen scattered tlirnighout Wie
protoplasm of the sporangium» if these are vacuoles, they are

not contractile, and are fairly constant in pcaition. A
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sporangium at this stags presents a remarkable and. izharacteristlo
spongy appearance whid”i is due to Uie presence uf tiiese hyaline
regions and the "lumping" (ot‘. Butler, of the protoplasm
aroimd Wien; the lim its of ati® parti.ouiux* mass cannot bo
exuotly distinguislM d, una the effect is most striking when

the sporangiuuB is seen under low ratiier tlian ia~i magnification.

(Plate figs. 7.& ;

Soon, the cap begins to lose its hard giliiatening
appearance a?sd becomes gray and translucent, though still
remaining rather refractive; the subapioular regim gradually
beocmcB re-oooupied by the granular protoplasm, vaii<ai then

extends again up to the hyaline cap, (text-fig. S5a).

Narrow indentations of the protopifam become
visible at the «”ex and around Wie perlplwry of the sporaa%iim,
as the separation of the spore masses boooacs more distinct,
ana it is sometimes possible to see definite lines of
dsmaroatlcai. Occasionally, one seems to be able W distinguish
a mass nthich is decidedly deliiDited from those roxjd abm t*

(Plate text-fig.5b)
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then the sporat”'aunt has rea<”eii tills stage.
Immediate ciisohorge la to be e“qpeoted. "The hyaline oap
becwaes "softec " and greyer, no longer appearing to be re.pai‘ated
from the underlying protoplasm hy a sharp line. Slowly toe
oap swells into a thick hyaline drop; momentarily, tlie swelling
is halted, (Plate /~ufigj(. 7 J text-fig.50; ajg"mrentiy by the
toln outer membrane of tlie wall; this suddenly gives way,
releasing the protoplasm, whito rushes out putoii® in front of
it the t"rey material, toioh soon disapg”ars, and om can toon
see a delicate spi.erioal expanding membrane around the rapidly
increasing mass of protoplasra tolob is pouring out of the mouto
of the sporangiisa, (Plate /*,yfigS. lo ; text-figs. $d, e). Siis
mass appears at first to be almost spi'eriod and hornogenems,
until a.)0ut a third of tW sporangia! costtents have escaped, ;
after whito its outline beoomes irregular and delim itatim of
the spore units can be clearly seen. The seccxtd italf, at
least, of the outflowing protoplasm is always divided up into
distinct units, toloh are, however, very "s«rft, and become
elongated as they etoexge closely pressed together in a mass
in the middle of the sporangium, and s<xaewhat constricted as

they pass through the opening, (Plate /",,ufig«. ).

Short'flagella are often visible an the distal
perii“ery of the mass in toe vesicle before discharge is
complete; these soon elcHfigate into long lashes vdxLto can be
seen undulating in toe dear region between tiic proto#asm mod

the membrane of the vesicle. Each spore unit is early seen



to possess a sliigls vacuole of a slae oompiii’able wltk. that
of tho hyaline ri“gions visible in the protoplasm befoi*© its

iistoar;~, (Plate /*,yfiga.<'i2).

Ttie irregular mass in the centre of tiie vesicle
exliibits at first a slight oscillatory or rockiJig motion
probably due to the action of the flagella. Soon the separating:
masses of protoplasm begin to show individual writSdng movements,
and to assume a oioaracteristio shape, with their samwhat
flattened side, against whioli the vacuole lias, and from which
the flagella arise, directed to the outside of the imss. as
the spores become separate and move apart, their movements
become more sad more prcnouncad, until, it about fifteen mimates
or less after the beginning of the outflow of the protoplasm,
they are milling round in a frenaied manner, battering against
the membrane of the vesicle. Sometimes, with to© first
rupture, this membrane appears to disintegrate, allowing the
spores to escape in all directions; but often, when it is
fairly touj*, most of U» spores follow tw first in the pato
of its escape, and some may remain swiimsing within the vesicle*
for a number of seconds, apparently seeking a moans of escape.
The tom remains of toe vesicle are soiuotimes visible for a
short time after the escape of toe souspores, but eventually
discRDCar, though a mimite fra””*nt may remain visible for

1«%)'ar at toe mouth of the spoi'angitmB, toito is sometimes

81li#tly lipped, (Plate -’ >t )
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Ute pfoaactiap of aeoondaiy sporwiela.

jon a vigorous culture, proliferation througti
the empty sporangium soon ooours, the new sporwgltm being
pro<iuca(i within, or asoro usually beyond the previous one. ih®
proliferating tiypha may branots soon after its miergenoe thi'ou”i
the septum, or several separate ones may develop; as many
as six apcrafigioptioros have been sesn emerging from the mouth
of a single empty sporsngium. e m-;;; i)

in loss vigorous ouitui*es, pai'tioularly when
dis enlarge of the first-foitaed sporangia is delayed or prevented,
renewal takes place by subsporanpdsl braaohing, #ien one or
more secondary sporangiophorea of variable length arise imaed-

lately below the septum of the primary om»(ie.ti-fi*.i)

In either event, the base of the secondary
sj>orangiojhoi'0) is usually narrow and oonspioiously undulated;
the undulations may contime, to a fesser degree, thirou”<p,tt
most of tha length of the spormglo#iore, but usually die out
towards its upper part where it begins to show the eh&raoter-

istio widening under the new sporanglim.

Although tiie ei>orangiophore is usually unbranc&ied,
it may oecasitmaliy brancdi in a manner not apparently related

to any order in the fonaatiMi of the sporaf”la. (Tevffr? /)

Less dbaraoteristio modes of behavicur of the s:,ormK.:ium.

Under unfavourable ¢cm ditlons, when iaaediate

discharge is prevented, the sporangium often rests for some



time wiWt a heialepharical ragion at the apex entli’ely oooupied
bjr a deaf translucent substance apparently in » static
condition} the spherical liyaline regions scattered ttirougjli
the protoplasm remain, with a hard, more réfringent appearance
than at first; and eventually a single large central “vacuole

of senescence" (of. Drechsler, 1941) may develop.

If the water of a culture containing such a
sporangium is refreshed, dia<”ar;* siay occur in the characteristic
manner; the wall of the region previo;sly containing the
hyaline substance usually remains afterwards as a short exit
tube. %e prosence of sud): a tub©O on an empty sporangium,
therefore, usually indicates that the sporanf®ium has not
matui”\d under conditions that favour prompt dieoliarj*®,

More often, however, espeoialiy if aporwgiim
has been allowed to rcioaln donaant for a consiaerabla time,
csie or more byphae grow out. The extending hypha carries with
it at its tip the refractive material of the papilla, unless
hardening of the latter lias set in, when, it seems, a path is

dissolved through it by the hy*ia.

.Uhdor more abnormsl oonditlaas, certain less
frequent irregularities in sporangial Wliavlour occur. some-
times, for example, the sporangipphore swells terminally, sued
then continues its growth as a hypha, without w ttii® off a
sporangium. It is to be expected that protoplasm undergodng

the differentiation prior to its discharge, ihould be
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paltlouiariy susceptible to cliengos in tie environment; thus,
a variety cl irregularities in behaviour oan be iuuueed merely
by adiiing fresh oool water to a slide culture bearing sporangia
at different stages. in t)TLs way, prem&tui*® disdnarge oan
be brought about, when the protoplasm emerges into tiie veside
in an entirely homo””“eneous mass; or the protopls”® may pour
out without the formation of a vesidle, and sejant into
Inoompletely—separated, irregularly-shaped spores. Sometimes
a type of autoormal behaviour ooours, in which the spore-units
emerge sluggishly, beocming unusually elongated durii% their
passage throuf” the moith of the sporangium; a discharged
spore unit is then often seen to be drawn out behiwi into a

fine thread by wliioh it is attached to the spore-unit. foil owi%.

These abooiKialitlas in behaviour aie si”ifleant
only in so far as they ijxiicate the iiupwtanoo of observing

tlye sporai'4” under optimum oonditions.

ftIS Zoospore
Pom.

%e zoospore is a soaewliat aorsi-ventrally
compressed body, slightly pointed at both sn-is, but espeoially
at uhe anterior em. There is a ventral growve, wilioh runs
antero-posteriorlyy twisting from the left to Use right. It
is this groove which emsas the pointed appearanoe, as it is
espeoially pronounced at one side of the anterior end and
flattens out sumo%Wt on the 0{y0aita slcle at the posterior

end.
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An view eho-wa the spore to be convex
dorljll;** and concave " th a definite jhdentatim on the ventral
side. TSiis induntaticn reaults from a view of Uie longitud-
inal groove iri px'ofile; owli% to the twist of the groovo, its
position varies aocoiMing to Uie depUi of focus, it is
presumably on this view tlmt tho genoraliy-aocaptei but
(leoidedly-lisnitod dsscripticm of the zoospore of aesabors of
the Fytiiiaoeae as reiafoiia or idAbiey-sh&pedj or bean-shaped,
has beiiati based. fnis is not teas view usually bbtainW of a
swiriEdng spore, but it is frequently seen in the spores
the periphery of Wie mass maturti® in t"ie vesicle, the
f2rroove Is always directed towards the outside of UJO mass, awi
the two flagella arising out of it, in a median po3ltl<m, can
be seen undulating in the region between t"“»e protc*aasia awl the
membrane of the vesicle. At t"iis time, the sporea may appear
to have a less definite shape than they do actually poeeess,
owing to their twisttLug and writhing motion, and to tfmir
Irregularity of outline due to ttie preaeno® of the fppoove.
Althou” th% am eomeviiat *sof*‘ and oocrpressibls, a fact i*«ax
may be readily noted as tl"ey eqpeese tldtcu” the narrow gening
of a tou#” vesicle, Uie shape of a freeswimmliIng soospore is a

definite and diaraoteriatie we.

Wovere*aat.
The zoospore swims in a eloekwise spiral path,
probably due to the twisted groove, rotating on its Jong axis

at the sane time. The longer flagellum is directed posterior

Ty] fhel sb oo 1t o am it hiva g



zoospores swim for a variable time; in a
drop of distilled water on a slide, they may settle down almost
at onoe, or th«% may swim for half an hour or more. just
before settling, a spore sometimes makes faster, Jerky move-
ments along short paths in various dii-ections, aicl then
suddenly stops; it settles on its pointed anterior end,
presentln,; an “end-on" view, and vibrating al% htly as it
beoomea s#xerioal, until finally it is quite motlCffiless within
a delicate wall. One or two slightly Uii*cei® twisted threads
may be visible at one side for a short time afterwards; these
may represent tli© romains of the flagella. Sae newly enoysted

zoospore is 13 - IJyi*-in diameter.

Behaviour of the Zoospore after settling amm*

Geimination. In a nutritious medlu#,tho encysted zoospore
produces a germ hyiha, which arises as a blunt, rounded,
hyaline swelling; soon a few grsmiles and droplets appear in
the extending hyiha, and when it has resetied some length the
protoplasm has the usual coarse gramilar appearanee, except
at the tip, which is somewhat finely granular or hyaline.

Ahm the qyat wall is very thin, it appears to extend with the
growing hypha j» but when some thlec®:ening has oeouri*ed,
tha germ hypha is oonstrioted at the base, \W@re it passes

Wirough the thickening (textfig. 6a, b).



Fio 6

STiile t»to hypha is estendii®, a large central
vaciole develops (different freeo the contractile vaoudle of
the swimming spore), but it seems that irdien the sporeling is
well estahlisl*d, as for example In soi agar film slide culture,
protoplasm M pass back into the cyst, #iioh loses the vacuole
ai*i MY possibly serve as a reservoir for the protO]*asm.

From the germ hypha the extensive branotxKi mycelium is usually

developed.

The sensitivity of germ hygha to aoratlcea and
food Qonoentration gradients has been observed; spores encysted
under a oovsrslip, near ttia edge, have often been found with
their germ hyphae lying more or less parallel, in a row,
directed towards the edge of the ooverslip; and scattered oil
drops liberated from tbe hemp seed substratum are s(metimes
I'’cacshed by a number of gen» hy#me front all dire oticns, from

encysted spores round about.

Under less favourable omditictns, a miniature
spopsngitaR is produced at the tip of a short or lor” hyplxa..
This behaviour has been observed once, in material received

from Miss van Beverwijk of Baam, when sterile distilled
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water had been added to a slide culture of sporeling» on a
eoiTuaeal agar film. The hy”ha and teiiBinal sporsaxgluiB are
developed at the expense of the contents of the spore,

becomes vacuolated, and eventually empty, and as the protoplasm
draws ait of tlie basal part of tlie hypha, behind tha growing
apex, the aopty rc-glons are <ait off sueoessively by septa*®

The sporangium developed in this way ijosaessas an % *loal papUla
like that of a sporangium formed on the ordinary mycelium, md
probably discharges in a similar way. The discharge has not

been observed, but several empty sporangia have been sem.

(Plate figs. 2135 ).

Peneated «ert“renoe. spores in sterile distilled :mt® on a
slide have been observed to liberate zoospores like th”*selves,
through a short exit tabs., Tbe empty cysts with their exit

tubes are frequently seen. (Hate U gs.2v,aE»)

The addition of fresh water to a slide bearing
zooepjres vhioh have begun to germinate by moans of a hypha
w ill sometimes cause them to retract the protoplasm from the
hypiia and discharge a zoospore through an exit tube.

(Plate '~;,~flg. 26 )

The stvoeliua
ag&it.
The hyiJxae are of variable thiokness. Ck a solid

medium sudh as commeal agar or watorllly leaf decoction aj’F
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strong main byphae ~I-0~ wiae are Iomea, wliloii extend to the
edge of the ;tate, giving off much narrower laterals wMoh
may be repeatedly branched and are sometimes very irregular.
In a recontly~inj4oculated cuture, tiiere is a tenaency for the
main tiyijhae to be found on the surface of the mediisa wiiile

tha laterals penetrate into it.

The degree of undulation is veiy variable; while
it may not be obvious in the vegetative myoellum it is usually
noticeable in tho sparangioj“iore, especially at tt"* base of &
aeoondaiy sporangiopkiora” wiiioh is fi'Oquently GCsavalnted in a
series of narrow twists; the rust of the sporangiophore may be
smooth and sinuous, or the undulations may be of sudh eaall
amplitude as to be distinguishable only under maprafioatKm
with the high power objective. In June, 1947* several
cultures were observed in wfcidi tlie sporanglQ“ores were not
merely undulating, but made a series of wide turns in the
manner of a corksorew; in addition, some Skxxree collected at
Mae time”and g”enninated on agar films on slides, pi*oduoed gam¢
hyphae vdiidi were remarkably undulated "mediately m esatrgenoe,
thouj” they soon straightened out. This extraodinaxy behaviour
may have been induced by the warm t*perature and poor aération,
as the cultures were grew in another small vessels; it has

not been observed since.
1

Structure.

Vigorous hyptiae are full of granular protoplasm
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with a decidedly ooaurse appearance due to the proeanoe of
nuiieroue oil droplete; this eoafsemess, in the relatively
straight, unhranotisd sporanj”iiophores, gives th” m. ap-“earanoe

has a strikii”®; resustblunce to Uxat of mead)®% af tW
3aproldgniaoeae* in the older, less vigorous parts of tw
myoallum, Uie droidets tend to run together, so Wmt oonsidoW Ae
lengths of hyplm may be filled witii oil. The sa“ty portims of
the hyphae are out off septa, as the protoplasa oiUuiraes

sand movos on behind ttae active growing tip.

The hyplias often have a distinetly browiiidi
oolour; whm chlor-zinee iodide is added, (he mils * a

char& eteristio reddish-pLE” eoloar.

M£abjCi*ir

(On @38 media, such as oormeal agar, there is
a frequent oocuixence of a eurious phenomwon* A main hygba
apparently txirets at the apex, allowing & small quantity of
protoplasm to flow out; the evaouated region may or smy not be
out off by a septum; in either ease, Wm llvhi% protoplasm
behind forms » mew narre»,or hg#m whioh undulates saa say
brannA) eithin tW walls of ilfte old one. Such intrehyghal
hy.pbaa may be seen passing thfo-igh coneidordble lex*M of empty
hypha. It seems as tluxtgii the esoapsd and degmsrsted proto-
plam stiaajlate* the production of ixmjmar&tale minute brunohs#
around it, vhioh ooll and twist arar it so as to form a “Imeot"
of some size at the broken end of the hypha. sometimes ntmarous
byphae break cut U:reu(”. the walls of tlie old hypha for some



(liatonoe behind the tip, and twist themselves around it.

TIO possibility had been considered, for some weeks, that
this behaviour showed the presence in the hy#ia@, of a
phycomyoetous parasite whictfi might be the cause of the
undulation. After attempts to isolate the parasite had been
found oomidetely unsuccessful, reference to Butler's
"aeseorohCB on Fungi," (volV, p.1>4) shovjed the formation of
intrahyplial hyphae to be fairly fre®”“uent ooourranee amoi”
AScornycotes. They are defined by Butler as "younger more
Slender hyphae i-unnixxg Uirough Uie cavities of older thicker
dead pai'ts of hyphite." It is interesting to note that
bouge, in 1912, recoi-ded his belief that tlie intrahy#ial
liyiAae of Asoobolus maanificus were t2iose of a gmraaite, and

did not correct his misconception until 1920.

The Ghlauydospore

Formation and structure.

The ohlainydospores at’® mostly ejdiaeical or sub-
spherical bodies, Wt tfiey are somctiwa rather elongated,
or pyrifoim. They usually arise terminally <ai short latem 1
brancdies, but frequently become lateral by the continuance of
the growth of the bran<Ai, (Plate figs. 27,25, and are

quite often inter oalaiy.

Clilaoydospores ara foimed w Various media, Waougi'

they have not been found on bean agar, and occur rarely in



potato citric agar# In solid media, tiiey are formed at
all deptlis as %ell as on U”% surface; thqgr ai*e not often
found in liquid media, though the/ do sometimes occur on the

mycelium Immediately eurrounciir® hemp seeds in water#

in hemp seed Sfrar and waterlily deoootd.on agai¥*,
they are formed readily in four days or less, am are 30-4§
in diameter, mostly about 40/A in the latter medium* On
cormieal agar they may take three weeks or more to develop,
but api®ar after a few days in laj”*e numbers around halved
hemp seeds idaced on the agar; tha addltlcm of drops of
olive oil also encourages their formation, but to a much

less degree#

AS the dllaoydoepore maWres, the wall thickens,
and after a week or two, a tiiin liyaline outer wall {that
of the pcUPent J*ypha) can W distinguished from a #lck dark
inner one# T%e spore itself is extremely dense and dark,
and contains a nwibor of rather large, sr*herical, oily bodies,

(Plata fig. 27 )

Gormination.

uasuliis v~xioii viece at. first pu3sli)% have been
obtained wWn portions of agar plate ouitures oontainlng
ohlamydospores have been transferred to distilled water,
Saaetimea the ohlamydosiiores germinated by means a vegetative
hyptxa, whioh was usually constricted at its base”® . More often

a Sporangium was produced terminally on a hypha of variable



length} auoh a aporengluia did not apiiarently dliTer from
those foraed on saorangiophores from the iqyoelluzn except,

t*rl aps, in a tendency to a small slae, and dlsclx&rged in

the oharActsristio manner. Sometimes, however, the oiilauaydo-
sijores could not be Induced to jcertoinate at all, thoufyi they
seemed to be perfectly healthy. These results are explained
by the obseivation of Dreohsler (194b) that clilaifydospores
which have been fomed for soiao time require a resting period

before ijenoination (see p. /s'® ),

Absence of oogCTiia.

Tlie fungus has been grown on a variety of media,
under various conditions of temperature; @w@ cesual
examinations of waterlily leaves and petioles have been made,
for possible intracnatrioal oogonia; at no time, however,
has Uiore been any sign of tlic fonnation of oQgonia by tiie

lioyal Holloway College isolate of p. undulatiSB.

Notes cm Uw iioourrence of P. undulatum
in Royal Holloway College''Grounds.'

General distribution.

Pytbium undulataa is easily reoor”iised in a mixed
culture, by its large ellipsoid sporangia and other distinctive
features, so that confidence has been felt in its identifioatioE

without isolation*
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Iti was abundant in ooliections from the botany
gsL.Pien lilypond throughout the autumn of 1940, and the
present study has been based on a culture isolated in
CaptcaUer of that year. It also appeared frequently in
collections from Uis southwoat pond. At this time, a varied
assortment of bait was in use, and P. undulatum was found at
various times on grapes, haws, grapepips, orange id-ps, and
the peel of a pear, but most fiequently on hips and their stalks;
subsequently, the bait being limited, as a rule, to hemp seeds,
tho records of r. undulatum are intermittent, as it veiy soc®
becomes outgrown by members of Uxe daprolegnittoeae in mixed
oulturee on hemp seeds, although in pure culture it shows

satisfaotory growth on tiiis substratum*

It has been oolleoted from the lilypond again,
in 1947, once in January, once in Marsii, and twice in December;
on December 2nd, t% inches of ice were broken throu” in
order to maoh the pondwater, and on December 9th, the water
was greatly discoloured as a result of the effect of the frost
M the last remains of tiie watorlily loaves. in these
colleoti(MIS, saprologniaooous growth was evidently suppressed,
thou”i hyi*ia® of a Saprolegnia badly parasitised by Olpldiopsis

were present in the Decomber 9th <ultures.

?* undulatum has also been ooUsoted twice more
from the southwest pond, in July 1947; a few cdilamydosperes

were found on the mycelium in the water around Ww grape

whldi had been used as bait.



It Was collected from the Engineer's pontl at
the end of May, 1947» and from Hazel’s pond in Jaaujory, 1948.
Also in January, 1948, it apjiciired in a cellectic® from tW
soft damp soil beside the tiny stream running into the

engineer's pond.

The relation of the isolate to watarlily.

Petersen, Dlssmtrnn, and Dreohsler have all
colleottd P. undulatua from varloas species of watorllly, and
Dreohsler has definitely related the premature dleoolcuring

of the leaves to attack by this fungus.

There la a good growth of mWhaea tuberosa var.
rosea in Uxe pond in the botany gaixien. In April «ad early
May, Wie leaves are crisp and pinkish as they grow up towards
the surface of Uxe water and unroll, later boouBiRg a deep
green as they lie flat on the surface of the water. Early
in June, hoxiever, they be”n to turn yellow in patcties, become

waterlogged, and eventually become black and soft.

These discoloured leaves ate usually rather slixqy.
then tliey have been washed, and portions az*s placed on nutrient
agar, myoell*m of a niBsber of sertixiaoeous @iedas almost
always grows out; if portions of this «?ar, permeated with
oyeellimi, or pieces of the discoloured leaves, are placed in
distilled water, a mixture of vegetative iiycelia auKi sporangia
appears, barge s”xerieal, proliferating sporang”® of a species

of Pythium on strong, branched sporangiopfooiias, are usually
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among the first to be foiraed, and are dedciediy predominant;
Wiia specdes has been isolated, and is referred to as "IfA."
% e more slender hy#iae of another lythium species showing
abundant production of filamentous sporangia are also of
frequent ocourren(())e. P. undulataaa is sometimes found, especiaUj
in tho regttai of ,Wie leaf wlwre discolouration has proceeded
further. Among the others that apixear is a species of fyUxium
with rather small'spherical spaaeagia, and less extensive
growth tlisn "IXA," and a HurtOEfathora with proliferating
sporangia. In the mixed fungus “flora" of tMs waterlily,
therefore, P. undulaWm is not predominant; its presence,

G lad ka 6d yworgd, f i ‘<X
recognised by means of the sporangia“”are readily fonaed by the

mycelium in waterlily leaves or m terlily deoooticn agar, the

mediixn most frequently used for these espazliacHts.

Repeated attempts at reproducing in the laboratory
the discolouration of the leaves, t% inf*owlating ttam with
a pure culture of ?« undtlatua. have so far met witdx no sucoess,
though a blaciaceni;;g of the leaf asnund an inucculimi of “IXA*

ooours in twanxy-four hours or less.

These observatims, and the general ooourronw
of p. undulatum in a wmhar of ponds where t&ierc are no water-
lilies, together with its ready sapropdytio growth m. a variety
of substrata, suggest that it is at any rate not a vigorous

parasite of the waterlily in Uxese grounds.
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AN ACCODUT OP THE LXrKUUPORS OR PiTHIUM LliIULATUM PiiTSRSgia
AND mpycHioyottPHA TSB-.

Pytlilum uncnlatuiB was dascrlbeci as a ne® sixjclos
by Petiirsan in 1909, who aeiined it>as follows;- '"alycelliaB

Inimaabrioale difficile distingendum?* NoeliutB ojctracsatricgie

e hyphia non raaoais, l«igis, plus minus indulatis, dia»i,e.3-6/%-,

constat. Zoosporangla tenainalla, ellipsoiiGa, Interdim parva
papilla apleali instructa, diam. 0.1)0 x Soos;;orae
duobus oiliis latoralibus munitae diam. long. 1) - 20/L, in

vesloa ut in Pythio, exeunt. pypbae in et per zoosporaaagjia

evacuata penetrant et aoosuormgl& nova formant. Color m*tftiranae

«arcelii et aoospoi’aagioruce 1éviter fusmis. Organa sexualla ncso
observata. Frequens in laminl» et petlolis (rarius getaals)

1"Bi*aeae albae et HuiAiar lutei."

In 1927» Disamaim gave a detailed account of
the morphology aiKi physiology of P. undulatum, and described the

foimation by it of dilamydospores.

In 1929» Apini# described a fuogius iBhidh M
believed to be the same as Petersen’s, transferrisg it, wlthtwt
statir® his reason, to the “jenua "BrthiomoriAm.*“ iJe gave the
following desoription of "RyUtioaoroha urxiulata {Pstarswi)

n. oofflb.";- "ifirphen 3-8 yw-dick, <*me Sinsctordlreegen, meist
selmaoh veraweigt, in vom Sporangium entfom teren Tellen aehr

Oder weniger unduliert. Mambwui der lyphen selmlloh dick.

A



liyolin, Kuwetlon soiiwadi gwlbli<A, aoar sohwach bi'lumiioh
{’Ci'arbt, mit Chlorziiikjoa sxoli nicht» bliiu»iKi. (mmam fefclen.
Sporan|.ji®* Tkiglloh oral, 20-32 x 30-167* '“me. oft Ju!%e
Sporangien in aie alteai ein- odor durtfliwaelisend so dass die
durxaiwaohsemn Sporangien au 2 - 3 in ©iner p.;lhe augsordnet sind
Spuran 10 - 16y..eroas, mit zwei soitllciien Gillen, Na<” dm
vOrlu88on oes SporiingiueB incistieren sicSh dis Brov&a, haute»
dtiTauf uiaa bilden nachdam asm Kalmsdilmoh. Untar IRsst*ndea
Inoistiar«) ale ai<di dm Sporangium und keiiasn daselbsj,. Qrgaiw
dsr geeolileclitillchan Fotpflanzung nidit mit Si<S'j®chsit

beobachtet,"

While iipitaa bellevW. gythium undvilatiaa to be
asTaonymoao with "pytiiioaortjha undulate.." in sub8egi<mt reoords
Uie same spécifia epithet has been applied to two g@#r&. 2Wa,
pythium undulaatum hoa been r. oorded by da Wildmsn {1931)»
MatUiew» (1931), Sparrow (1v32), Lund (1934), and Dre<”sler (1941,
194b) { “prthiotBorpfaa undulata" ims been recorded ty Gejp (19!")»
and Inni (1934). Wnd has tWa claimed to have observ;*! both.

The chief points of interest in tS'iSse records

are given below;-



inveetigator

1909 Petei’tton

Denmaik

1927 DiBSTiiann

1931 de Wildeman
Pranoe

1931 Matthe-s
U*SHA.

1932 Sparrcw

1934 Lund

Donomrk

1941 Drechsler
md
19496 U.S.A.

'"Type of sise (f Vesiole
Aggo’mt  {POmwium

(tiJPyUiii-iuj uniiuiawD

not detaiLod. 130 x %)" pi'estsnt
voi-y 43 ~ 140 pressent
detailed

brief not stated not
raentlcned

not 22-55 * 11-18”~ figured
detailed /

opitiaal, 40-45 X 12-15*,
but not
aetaxied

a record
oiily

very 3d*"90 %2c-40” present
detailed /

/Ht

0a*K3iTi,s

vesicle i1s only
Kontl .©Oeti not
described, but
disciiarga is said
to be "as in
Tytbiian, "

variability of
sporanf®al size
roportcd.
ehitaayaospores
fo*fmd, D- 92/..
often 3s”, 5$L, or

69A *

not Isolated,
a daibtful record.

presence of vesicle
nsy be assumed.

f(*md, 14-24A

varistoility of
sporar”gisize
reported.

Ghlaaydospofos
found, 10-50/. .

only one sporaa”iffis
observed; not
stated to differ
froa "gythiemor”a
un“WataT except
in’*€he vesicle.

stated to be
similar to Diss-
hvl»

Aamydoepores
fffiwid, 15-75A



Inveati/mtor

1929 Apania

Latvia
1933 CQjp
1934 Lund
Derraark

aCfi?™?? of
Aooount ivpormtfTiUffl

Vaaiol©

(by “(ytltiomorpha uixiulata"

not detailed 30-I1U7 x

brief up to

p
[00-150/. lung

not detailed 45-117 x

_&6
otten

70 X 40/.

not

monticnsd

absent

abs<mt

/4-1.

Comments

believed to Ixs
the same fungus
aa p.andulatum
Petersen,

no i%ason given
for ttie transfar.

referaaoo is
made to it mly,
in desoribice Ulie
charaotex'isiios
of the genus
“RytAlomoWm. *

believed to be
diatlnet frmm
P. undulatum
PSters«a.
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wt or tiw rooros.

There is appm mt, uiaagxeeaent auong the various
rocoi'as of tho aiae of W.e sporangium of P. undulatum. However,
Uiastaann lias shown by exporimcscbs on a pure oultura, Wiat the
sporangia are rmiHrkahly variable in size; Sparrow, also,
has ooEffiisntsd on their variability. This feature, therefore,
oanzzot be used as a criterion in identificatieii, although the
ability to attain a lax-tjO size under certain conditions may be

regarded as a charaoteristlo of the sporar®a of y. undulaWm.

The regular format!an of a vesicle has been
described as «haract-oris tic in the material observed by Potsrsan,
Pissmann, Sparrow, and DrechsXer, end is iiyllsd Matthews'
recoid In lahioh a sporunglun is figured with the souspores In
a-vsaiole at its mouth; Lund's i*eo«mi of P. uridulatum is >wed
on a single sporangiun, of wliidi he has written:- *I myself
have once seen a eporengitso at the mcutlx of sEiioh tixe zoospores
were lyi%% in a vesicle, this fun@is was probably P. undulatum.
But most of the sporaigia observed were of tW pythiteoriaha
type." Lund therfora believed in the occurrence of 13rW.lum
undulatum and '"m.ytt-iioaoroha uWuiata" as two distinct fungi.

On the oUier hand, Sparrow hw» considered "pythiaaon” undulata"
"o
to be synonymous with 1*"ttatra undulatum. and has e”qprossed Wie

<Y%»inlMi that '"there seems little Justifioation for ctianging

the original binomial."



44.

It h:is Ttjoen shown by BlaoKwell, Waternouss and
SJ-ioropem Usat '"pytld-aiiorriha* la Invaiid as a liproiSf and that
spGoies ewtoloh had been olassod under that jiaae m y o& Identified
as aqu&tlo STjeoies of Kurtoohthora or x*yUtiua. * Thar© is a
possibility, therefore, that an aquabio 1"toptithora olosaly
resembling pythium undulatum, (except in Uie maturation of its |
aoltspores witiiin the sporangium) has bean aesciibad uncfer Wie j
name '"pyttsianoi’Plia undulata;" this poasibiixty has been rew””alwdl
by Drecljsler. The sole «viaenoe in its suppost is given by the

good aooounUt of Apinis and Lund* and tii© more meagre one of S«

Dreohsler has utade Use stat«u<asts— “1f (Allpsoldal
aporar”a approximately of the extraoOlnary dilaanai(BS given in

and Sharaoteristlo for some oae particular species - -preferaJ&y
for a spaoies in vihi<idi undifferentiated proteplasmic oentm”ts .
are delivered into a vesicle and tiien are fashlmiad into m otile
zoospores - no serious misglvingB could be antertsined vdtji
respeat to the correot upplioaticn of the binomial. Aocordit*ly*
Dreohsler has shown bow closely Dlsasiam's reeosd aifiroximates !
to that of Petersen, and has deaori'oad Ms own isolate under
the he*dif% '"ihrthlma undulatum pdters«s sansu Disamann,”" 'Ibe
following account of “thium undulatum is based "iiefly <m
Petersen's diagnosis and the detailed desaripUm of Dlsamahh

and Drechsler. Tlie Siilient points of ttis tw latter important

papers are listed later, (p* )



m Aoeount of the C .&maol&tu#
4eaW-WA in jKETIULtez&tii

(a summary la glvun at> Un» %o0f ea<” seotim ;
the aetaila are In » spacir”*3,)

mlhe Sporanglmnt (a) Form and Gondltlmna of PomAtloEi

The sporangium la usually deaeilbed as ellipsoide
(®*g, Petersen, BrecShsler) or “narrw”ly oroid" {S”*arro»), «ad
may reach a length of 140/% « tilssmann has shorn e%%)@rim@mtally
th”"the else of the sporai®ia varies greatly actcrdii® to the
medium, and. urecflisler has considered the sporangia of his
m aterial to he closely similar to those of Dismnann, despite
their limited sice* Oissmam considered that, #iile the
size Varied, the fona of the sporangia remained fairly constant;
according to Hparrov, however, "under foul cnvlrmmental «ueME
the sporsx|gluia of his material "may assume various shapes." The
time required for the formation of sporangia depends (@n the
medium and the state of vigour of the ayocllum. (ladLssaBannj.
5120 and Form. Petersen described the sporangia as t@iW.iml,
m'"sélSctoTaEéral,” ellipsoid, opening at Wie " ex "aocetliBes
with a paella; " he gave their measurements as 130 x 50/*.

preohsler has pointed out thdt tlie s'lporsangla
figured by Petersen are not in agreement with these measurassents,
one of Uiem, according to Wm scale given, measuring approximately
240 X 70/*-; even if wls Is ignored, however, and only the
measurementa stated in Ui9 diagnosis are coiW dered, the large
size of the ellipsoid s,jorangla is regarded by Breehsler as
"the most distinctive oharaoter" In the original descriptlw.
With regard to his own IsdLate, he has written*-" The extra-
ordinarily large sporangial measurements given by Petersen,
vhioh m it be adequate for deterWi% the applieatlcsi of his
binomial if they were found usual for some fungus properly
referWale to the gamis, have assuredly not been found usual
in the Massachusetts waterlily fungus, whether It was grow®


mailto:t@iW.iml

J

on ax'tiflcslal laudla or on Its natural substratwi, its
sporangia have rsj*ulHjrly boon of generous dimensions«* Despite
tiioir apparently Halted siae, the sporans”®ia are cos'jsidex'sd by
Drealisier to afrreo closely with those described by Dlssmaim.

Dissmam had showi experimentally that the size
of Uio sporangia of hie isolate varied according to ti»e medium
in #ilch til® mycelium had boon grown before being traneferrod
to distilled water or scue solution of low/ nutritive value.

In distilled water, after growth in 0.5 - 1.0~ peptone solution,
only a small number of sporangia wore formed, am tlxey measured
only 50-40” ; in pcandwatei-, after growth ia maltme, vigorous

sporangia up to 80y>*lort'i wore formed, Thelargest sizes were
attained In nonsynthetio media; Uius, in p(mdwter to which
a very little waterlily leaf deoootion had Wen added, the
sporangia reached 120 - 140/", thereby resembling most closely
the sporangia ooourzilng naturally. Whale tlnere was sucdi
variation din the size of the sporar”la, their form reintined
fairly constant.

Conditions of formation. iissmamn had found also that the time
requi?od"‘fbr tKe'foiTaa”ian of sporangia,after the transfer of
the mycelium, varied, according to the nature of the nutrient
medlian, from a few hours to t,en days, and that mycelitas whi<”®
had shown a goud growth in a natural medium su<h as oatmeal,
formed sporangia earlier than mycelium from a synWietio mediumi
The "agC of the mycelium «as also important; cqyaeHtsn #il(h
had been growl*s In waterlily leaf deoootion for three days
foxned sporangia two days after transfer to distilled water,
vhlle mycelilan #iich had been growl in the same medium for
fourteen days took ei|*xt days in distilled water to produce
sporangia.

(b) The variais modes of bchaviwr of the Sr.>oramltaa.
Ho writer has described spwulatlon in detail;
the ty“doal mode of dlsolxarge Is recorded by aissmann ai® DrecAxs-
ler simply as the emptyii® of the undifferm tiated contents
into a vesiolo; the formation of a short exit tube normally

occurs in the material of breoixsler, who has stated his opinion

that Its absence from some of the sporemgla figured by Dlssmann

is evidence of their Identity as sporangia of a species of

Fhytoiitothora. iienewalof the sporenglum takes place by



proliférat!«X, both within and Ixeyoncl the empty one, or by
subsporanglal braiuaxlng, the liter meUxod, aooordir® to

Sparrow, belqg "usual under excellent onvlromient&l oondltloae."
Seme irregular!ties in sr/oraigial behaviour have been deaoribed.

by Qlssaami.

Diechyge» The protoplasoi that pours into the vesicle ia
ilssori'bea by both Bissmann and Dreohsler as "undifferentiated; "
no details of sporulation are given by althsx' writer. Dreohaler
ramarked that the vesiole is dlsarly visible in every instanoe,
and commented that Petersen's at&tement, "Zooaporae in
vesiea ut in pythio, exeunt,” dees not make it chscdutely

dear whether the zoospares were fashioned in the vesicle, or
were only surrounded by an evanescent vesicle,” as swietimes
occurs in thytophthora." This oriticiss does not seem necessary.

Oreohsler has commented also tixat Petersen did
not explain how echisotmoe of the spomigitaa occurred, if not
by a papilla; it seams |probab3Le, however, tl»at different
conceptions of the papilla are involved, and that Petersm
reoognised it only when it was situated at tiie apex of a beak-
like outgrowth. Soise of the 8w#y sporam”ia figured by Petersen
show a well-marked exit tube, wiriiie Wie form of wte opening of ,
others suggests that their dladiiarga had been by means of a Ae
sessile papilla.

Describing the "prolate ellipsoidal sporangia”
produced on waterlily leaves, Bretflxsler has written:- '"'"Hxeae
sporant#» attaining a definitive size were often found
provided with an apical papilla, which smetimes, after renewal
of the Water, would fom a virtually sessile cap of dehiscence*®
More often, however, tjxe papilla grew out into a short evawiatlon
tube before the tyaline wp was formed; so that after the
undifferentiated protoplasmic contents had mlgratW into the
Inflated vesicle, and Itud been omverted into zoospores, the
empty sporangial envelope was usually found bearing distally a
recognisable tubular prolongaticm mudh like tW similar em”siones
drawn by Dissmann from m atcii#! referable to his pure «mlture."
In Drc(axsler's material, "usually the empty tube either terminates
abruptly with a plain rim or is minutely lipped at the orifice,
but in scattered examples it is found reflexed*..*”

Believing, Waerefore, that an "evaouatim Wbe”
is normally produced by the sixxran”a of p. ummlaWm. Breihsler
has pointed out that its absence from certain of Dissmann's
figures, particularly those showing imaltlple nesting in whio”



"some of the Inner envelopes toiraimte so far within U& outer
envelope that formation of a globcMso vesiole would have been
obstructed,”" sug;;est tlmt I>isjnr,OL«n included a Hytophtliora
among the »i>orangia vhidx he ascribed to P. undulstiim. ooounlag
naturally in a mixture on watoriily leavoaT proliferous
species of pytldum such obatructicn doas not ordinarily occur..."
The '"ganerous wloth" of the otx”nsings of Wiese sporar®a provide
further evidenoe in support of their identification as
Hiytochthora, aocording to Oreolialett'. If this is eo, it is
interesting to note that they aiiow an ©llipsoid shape fiuxl
diaensions entirely similar to those of the sporangia of

p. undulatua. Drechsler'a oomiont continues:- "Ih contrast,
boWi' of iiié~eorrectly (sic) evacuated zoo@por%r@ij& envelopes
drawn by JJiSamann from m aterial derived from tl:e mrc culture
that he treated as P. undulatum atjow a 'reco|*isahle evaeuatitai
tube at the apex."

Abnormahtieg. uissmsnn has doecribdd '"certain froqu”at
irrc!;ulariiio8" in the behaviour of sporangia observed in han“dng
drop cultures. sometimes, platsma ocmtent began to extru3o
in the form of a small bublde, as in the first stages normal
disoliarge, but did not extrude completely, growlr® out, instead
into a thick Iqrpha. Oocasicxislly, as for example in Igg peptone,
and in cultures full of bacteria, & sporangium sprouted into
hypljae at the tip. iilarely, Ua svoapores Otserged withort tijoO
forroatiffii of a vesicle, ixit the slow rate of their emergence

and the irregularity of Uieir form, suggested Wmt they wre of
doubtful vitality.

The ?/jyoelltai. A -j =

The growth form of the mycelium is well expressed
as aVotaist mycelial habit," with hypli&e of a "gecn*XLIy fleaaious
aptWaranoe." (iiroohsier). Th« Widiais are descriljal as "more
or less undulating!” '"frequent imdulatlms" are recorded by

Sparrow, but no comment on this feature appears in ijatWiews*®

account.

. In most media, Wie main hyphae arc l;-SAVddO,
and sparingly branched; DlIssmam has shown Ckpcrlamitally that
both the widW) of the hy#iae and Wieir whole growth forms vary

aocording to the medium, and has commented on their resemblance
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in oertidJi eedia, to the hypha® of the iiaprolegnlaooae.
Biasmann has observed, also the acciKnulation of fat in the
older liyphae, and the pinS5<l»h red oolour given by tiae walls
(ftilor—ainc iodide is added. Althoui® Drschsler has desoribed
the penetration of the hyphae of p, undalatuKt bgr these of otiisr
fungi, no writer hea eoRHaented on the format!m of "intrahypfcal

hypiiae" in P. undulatum, by its own layoeliura. (pwsx- )

iiablt. In the material described by uparrow, the hyphen
0fT3Te "sparingly breached, extensive ngrceliiao" are komemat
variaMe in disi”*sr, but usually measure about 5 ” 7.4/*."
Growing in taakemeul agar, the main hyphae of Dreaialer 's isolate
often attain a width of 8% within ICXI**or 150/*-of tine tip,
though if the filaments are followed taaolcward hardly any further
widening ia to be noted; lateral branches are produced "in
moderate quantity" Xrt'ich "are of lesser thickness, azd sliow acre
or less irregular sseondaay ram ificatims."

Bissmann Ims shorn that both the widWi of the
hypliae and Ute whole growth form vary with the medium. Tims,
while the width is b - 8”7in most media, in pea decoctian it
may be toily ) —4” ; very regular dlgk otoamua bran<”ia” is des«BKlb
ed as (Aiaractersito in ligpid media, but in pea deoootion the
brarwtfilng is irregular, end in peptone the hy“ae are very
straight and imbranolied for greater lengths, preeeutlng an
api-WEranoe resembling that of members oif the Baprolc*daoeae.
Dilssmtnu has described also undulated lateral t»?andi03 which
he has called "hunger hyphaoj" there ac-e developed ia solution
of low nutritive value.

Petersen's description seems to refer to the
sporar“ophorcs only, not to #tie vegetative Byoeliuss- "It is
diffimiLt to trace the iutzamatrical mycelium; the extramatrical
consists of long (often several millimetres) unbranohed, more
or less undulating hyphae;" those are 3 - in diameter.

Vigorous 1%rphae are dmasely filled

desoxlbod hy Peterson m refractive,

there are very many fat ~.Obulea, whioh
are also stored in larger qum titles in older parts of
the mycelium; here, fatty degeneration of tto plasm often
ooours so that the fat globules run togotlier and fill large
portions of the lyphae. %* hyphae then soon die, and the
fat is released into the surrounding medium. Dismsann has

observed that this fat is oolourtKi ly Sudan III, and goes red
with Nile blue; with osmio acid it goes black, though not



very tnliensely. The 'himgor Ijyphae" ai*« vsry XxNsfractlves
Uioy are often much vacuolated, and thair plasma is filled
with small fat globules.

The walls. The pinkish red colour shown by the walls of the
hyjihae when bhlor-zinc iodide is added, reported by Bisszann,
is not mentioned by Petersen, althoiq;h he was aware of the
reaction, as a oharaoteristic of the ”Pythiomorpha” genus.
Petersen recorded, however, that "the a/étahr“es of the hyphae
and sporangia are more or less brownish coloured."

AnW:aolm and parasitic». Breohsler has described Wie
extraordinary i“ienosience of parasitism mtmg eoogenerio and
less closely related fimgi, and has given the f(ulowing
account of the attack on hyriiae of p. undulatum hy Pleotoaoii»

tayriaan”a;- "When the waterlily parasite 'is '"'own on mSsmSaT-
agar plate cultures in opposition to p. iayriandra. its mycelial
advance is halted along the zone of encwntér as ite individu”
hyphae become envelotied by short branciies extended from filaments

of tl» sacrdegniatwous fom; , envelopment in all Instances

beini; followed by darkish degeneration of the protoplasm within

the “ythiim hyphae." similar Injury is eausea by the co-

ganarl© species P. digandrura. P. aoanthicuBB and P. perinlomm.

The oldaaydoapora.

Chlamydosj/ores arc not maitim ed in Bcetersmi's

dssoription, but nave been described in detail DIssmam and

Drechsler, and are included in the accounts of :#tth@ws and

Spsa*row. Drebhsler's closely resemble those of Dissmann, and

Sparrow's are probably the same; althou” Matthews has stated

that those formed by her isolate are similar to Dissmana's,

tlic dilatsylospors vhioh she has figured suggests dissim ilarity.

According to Dissmann and Brechsler, the chlaEaydo-

spores are usually spherical or subsphexloal; their size is

Variable, and determined by the riohness of Uie medlim and the

vigour of the mycelium. #ie mature chlamydospore is surrounded

by a thlok double wall, and contains much fat, iirechsler

.
9

i



has shwn that, a r«sting period Is necessary before germinatic®
takes idacQ, when the germ hypha produces tesralnaliy a sporangium

whloh is entirely similar to those fovmd by the mycelluta.

*

In struoturo and gormination, the (fjlaraydospor®
of P. undulatuB is considered by tGrsohsler to resontds closely

the oospore of ?. hellaoides.

gpra and structure. Chiomydospores are usually spherical
or subspitérioal, tiut sometimes, eooordlng to Die<”ier,
cylindrical or transversely constriotsd. pissmann has

described tlic«n as partly Jjateroalaiy, partly terminal swellings,
which are out off by orosswalls from the neighbouring regions
of the hyjhae, whicii are poorer in protoplasm; ea<Si newly-
formed swelling surrounds itself with & thin wali jtoediately
witliin Uie wall of the parent hy#.a. After a fsw weeks, the
doubleness of the wall surrounding the ohlmsaydospore is cdearly
visible, the outer membrane having remained thin and colourless,
yAiile tliA inner one has thickened coiisiderably, and assumed

a yellow colour. older (gjlamydosporss are oft«3i roa”,

through the flaking off of t4iis outer wall. The different
compoaitian of tiiC two membranes is indicated by their different
reactions witli a nusaber of stains, according to DIssmann. Itie
aiaturatiai of the chlamydoeporos involves tije aocixsulation

of fat, and microtome sections of chlacaydospares a month old
show tlicm to contain little protoplasm and oaich fat. i)rc(hsler
has written of the resting spores formed by his IS«dat@ :-
"Their identity with the chlsmydosporjs described by Dissraaim
becomes clearly manifest at maturity, when they are found
crowded internally with an abUTKIEinac of glciW lee varyizig
oamiwily fro© 4 to 10 in diea”ter;" evldm tly, the ffliaber

of tlicse "obules in a single spore varies from four or five

to two hundred; rafringent "oibioular bodies,"” mostly 2.3 to

3 in diameter, are also pres«3.t in Dreoksler's spores.

dtW itiens of foiroation. and varlatita in sise* Diemann has
stated th&t tW wilamy&os?ims "are mwaysfm hd on solid media
such as waterlily decoction agar, maizaeseal and oatmeal agars,
after four or five days, and are sometimes feenzi, thou0% rarely,
in litm id media. He had found them in wtid, in the spri%,
but believed tiwir oocurrenoa in nature to be rare. in the
laboratory, experiments with different oulWre media showed
the size of the /Silsmydospores to be extremely vaiiable, and
to be directly related boWi to the richness of the mediiXB, end
the state of vigour of the agrcellum, Uisaaann found the
commonest slzes” wiWui a range of 6 - 92/*, to be 3, 59/*
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aixi 69/t . The rai:jge given qy Draclisler is IS5 - 75a*

GeiiiilnatiiQn. The results of ea”eriiliezits oarneu out by
Dissmann xn an attempt to bring about tl*e geiuiim tion of
ohlsmydoapores of lifforent s;%s wore very variable. Glila/*40-
sporos wliioii were only a few Uays old, fortaed in aaia”®al agar,
behaved like Bpoxmii®ix and released aoiiSjXjres after one or two
days in distilled water. Wlien older ol*lfaiydosporus war© put
into distilled water, thqy produeed or more iiypha®, hut
tiiose \tiicii liad boon formed for a month or more oould not be
induced by any means to geminate.

Dredisier has oxplaincu title behaviour as followsj-
i.ewly—foitued chLaaydospores are able to act as sporangia since
they are indeed little different from such organs; in older
ohLamydosporus, however, the Uiiokeaing of W/¢ wall and the
accumulation of fat have begun, and ai'ter twenty* days, the
time stated by Dretdisler to elapae during the uiaturatlon of
the spore, a 10% resting perrod is neoessazy bafoi*® geminati<aa
can taka place* Brechsler obtained the following x*esulta
wlUi spores tz'ansferred to water after being allowed to rest
fox longer periods tictan aiy stated by blsswann:-

jyge of spores Tor oent.gcrulnatiQB Time
65 days 10 - 25 7 days
10U days 50 2 days
180 days almost all 1 day

Sometimes a mycelium is developed from Ww gemtube of a
resting spore, Wt in tW oldest material a sporangius, #ii"

is sisolar in all respects to those formed on the r*oeliua,
and releases zoosporcs in the characteristic manner is produced

in almost every instance.

resemblance of the olilawdospore to the es“yore of
P. heliaoides. stfucWre of spore ami
the "iag©s~wiiicdi take pLawse during germination, have led BroohS'
ler to draw a comparison between it and the oospores of other
species of lythiaa. AS a result, he has avoided the use of
the ter® diilouydospore, preferrli% to regard tW resting body
of P. undulatua as a parthenospore, homol*ous with the &o&]|/ore
of Itelio” ges. Me has written:- "One mi*t be inclined
to /iiataias the morphological parallelism as being perhaps of
fortuitous character if it were not so stroiigly corroborated
by the x”*siologioal similarity manifest in the prolonged
dormanw of Wio reproductive bodies under disousaicn; aucax
dormanpy beir* familiar among oospores and p”*tljwwspores, but
wholly unknown among the subspherioal owiidia a* “acqydosporer
fonsed by numerous species of Pytbium, including, for exaaqdo,
P. do Baiyanum and P. ultiawa.'
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'HiI© absuncii cf oogonia,.
oogonla have not Wan reported fear p. undulgtum.
although it has been grown in a number of different media,

ond mesrnann explored various parts of tt» waterlily plant.

The relation of P. undulatum to w aterlilies.

Petersen, Dissmann and urec”tsler Wve all ooHected
3>. imdulatum I'roa w aterlilies. WITile Petersen seems to have
regarded the fungus as a saprophyte, Uredialer has referred to
it definitely as '"the waterlily parasite,” oondudang frcai the
results of Innooulation expoxiaents on waterliiy leaves that
it is responsible for their premature dlsoolwring. Y%ie
source of Sparrow's iwterial is not stated; Matthews* was
collected from soil.

Petersen had observed that this *spsQi<*s seems I
to live especially on decaying leaves and ste«” of “"phar
and Nymphaea," but had ooUeceted it also from "sdd. fruits of
Iris" and branches of trees; as Drechsler has pointed out, it
apwars from those statements and froa his general observatims
on the biology of aqxatio ftucgi, that Peterson did not
attribute any pathol% loal relationship to the fungus.

Dissmann's attention had been drawn to the leaves
of l{ym#ia@a Candida by'their early yellowing in May or June

instead of in the autumn, when he examined them and fowW thm
to be permeated by the hy%hae of several members of the

Fythiaceas. P. undulatua and P. prolifertaa were predominant,
but, in addition, two other species oould sometimes be
recognised, and Aohlya amerloana was fwnd owaeslmally. It

is not (d.oar from bissmaim's account to whicdi fungus he
attributed the primary attack on the leaves, am vgiim be
regarded as weak parasites or sapro”iytes.

Dreohsler wrote in 1941;- '"fia wr NortWm States
the foliage of some m ite waterlilies, including Mrmnhaea
odorata Ait, and hvimnhaea tuberosa Baine, oftm undergo



praoaliui’®® decline frcm ault>iplioa.tica i«iu exleiision of watei'-
sua>m or (ilsoclourod areas. Wh«i portions of affooted tissue
are axoisod froni sudi areas, pressed between sheets of
absorbant paper to z'emove excessive water, and planted on

agar media, pythium myoeliiBj aliaost always grows out very
promptly." 'Among several hujKired cultures dexdved Wirough
sudi procedure from eaaterial oolleotm in Massacliosette, Mew
York, and Wlsoonsin, a speeius oloaely similar to P. hellaoldes
probably identioal with disejann’a P. prollfezim. was' aBu!xliint3y’
rei“resantedj aS was als>a spaoias wist, 'judiEhg from the

large globose reproductive bodies produced by it in malzcmeal
agar, must almost osrtalrdy be the same as Diasmann's

P. undulatum."

jrgain, in 1940, Dreoiisl/a? wrote:- '"In July and
August, 1944, ocoaaim was taicen to try out tiie fungus on
young unblemished waterlily (i“mikiaoa sp.) leaves ....... 3am
after tlioir retooval from tli© Ilie loaves were placed
In large glass de«ii)-(“"iambc«@, planted with slabs excised from
a malsemeal-agar plate culture of the phyoesQi’oete, and stored
at a temperature of 18'*C. In two or three days tlic leaf
areas under the slabs took on a dark bi-own dlsoolc& xratlon.
Tills disoolouratlon bontinuod to spread steadily, wiUi the
result that In ten days it bad oome to extendover irregularly
circular patches forty to sixty millimetres In width, though
the leaves that had not been Ranted with the fiingus still
retained tlmn their fresh green colour Wirougbout. When
pieces of discoloured tissue near the periphery of the broim
W aterlogged patdxes were removed to a simllow layer of
distilled water in a Petri dish, and then stored at a te:Bpe:%tum
near 18°C, extramtrloal hypiiae 3 to '"ia wide grcm out into
the 11gild." Those hyjAoe produced tcm in " 1ly tlie eSiar&oter-
istio sporangia described above in the seotlfsi m sporangia”
under the sub-headipg, **!Rie van ms modes aS b& avlourof tiis
sporangium." Dreorisler'eaccount continues:- "%%at the
sxtram atrioal liyph&e and the sporangia really derived from
the material planted on theleaves, rather tJmn from ame
adventitiousparasite, could hardly be doubted in viewof tjieir
close resemblance to tJie 8% trmmatri(%Il lyphae and si/orangia
produced, in moderate Quantity followii:g migration of slabs
excised from youzk? mais@m@al-a#ir plate cultures permeated
exclusively with vigorous mycelium of the Massaei'iusatts fungus.*
Proa this it is clear that the disoolouratioa of the leaves
is attributed by aredisler to P. undulatum.
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tiiximarlua of tha taain Itcaa in the Accounts of

Disamahh Wad " Lfadisler.

lythlua undulatum Potarsen (Dissmami, 1927)

1. The Isolation of 1. undulatum frwo the leaves of Hyat"aea
oandida, where it grows usually in asso<xlati<ai with

P» prollferum, often with two other species of lythlum as
well, am occasionally, in the olaer parts of the leaves, ;d.th
Adilya amerlcana»

2. The effect of Varying ttie content and ooneeotrdtlon of
the culture medium, <n the widUi and brandling of the hy#iae,
and the sise of the spor«a%##,

3. Hie various modes of behaviour of tiie sporeaagime, die
normal behaviour being the emptying of the "undifferentiated
contents" into a vesiole. Iv
4. Hie structure ana germination of Uis “ilamydospcasss, 77
and Uiolr variation in size aocording to the nators of the =

Culture medium.

pytliiua undulatum Petersen sensu niesmam {pretaisler, 194b).

1. Hie taxonomic position of p. imdulaUm, viewed in the

11" it of previous records, (without reference to de Wildemaa

or Cejp).
2. The features of tlie mycelium and sporangia of BreO sier's
isolate.
3. The stixicture and germination of the dilamydosporss, and

their apparent homology witli the oospores of P. helieoities.



4. 'flic antaitoiliam m ¢ parasitisa oooSi«ring aisong r. undul&Wm.
other speoles of %/ythlum. and speoles of PlectooTiira.

5. The agreeiDent of tJi® features of Di’etMmler's isolate witJi
Dlosaann’s description, of whloli sn aeoount is “ven, and.

the conclusion that the two fungi are tliO saoe species,

I', uudulatiaa potei'son.

Discazsslc® on tlie Identity of the
recorded as Fythitaa undilatum Petersen
and "PythiaaorpriaJ'"imdul&ta",'(j*etersma > Apinis

The identity of the fungi isolated and described
in pui'o eulturo by Disamann (1927}» and Breéisler (194b), as :
p. undalatua Petersen oéoi hardly be doubted. (Dre”islor has ,
pointed out that some of the sporangia attributed to p.uWulak%

by liissftiann In figures drawn fx*aa a mi:*d culture may poesiHy

bo U1060 of a species of Phytophthora.)

Matthews (1931) does not ssewj to Mv® deeabtdod tha
identity of her material as p« undulataa Peteruen, despite
tiie small dimensions of both Wis sporangia and tw chlamydospcepes
farmed in her W tuies, which were grown m hmp seeds, and has
stated that Uie dhlanydospores '"were similar to those descriwd
by Dissmmn." sparrow (1932), however, h*" made tli® oritiaism
that the chlmaydospor s in her figures "appear to Imva smooth,

hyaline walls rattier than the rou”, brown mes, as found

by Dissmann ...." on the same grounds, Brsctoslsr has
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©O:/q)ros8ed uha opinion that the identity of iiis own material
with Matthews* is '"quite improbable," and thsi thiokwalled
bodies like those described by Disstnann "may be foixaed ty
several members of tlie g@wnu% and more particularly, perhaps,
by aquatic members intim ately akin to the waterlily parasite,"
80 that these bodies oannot therefore be used as a basis for

identification.

On the other fiand, aoccz-ding to Drechsler, there
is considerable similarity bet,veen ills uiaterial and tl"at
described by Sparrow (1932), in whioh lailwydospores, closely

similar to those of bissmam, are fomed*

The account of de Wildeman (1931) is too inoarapicte
to justify confidence in his record of P. uixiulatuze, particular-
ly as he has himself expressed uncertainty as to the purity
of his culture. Maiked undulatlms of tJie hy|]lma are descril>od,
and a figure is given of narrow ellipsoid nested sporangia,
terminal on an undulating sporangiophore wid#u;
conspicuously under the sporangium. No so/ile is given, ho&vever,
and it appe&x's that the reeord must remain a doubtful one.

No reference is made to it in Drecdisler'a diaoussi/as of

P. undulatum. v*

AS Lund's (19344 record of p. tmdulaWn la fcxmded

solely on the formation of a vesiole by one sporangium, # ii#
was distinguished by Wiis single feature from the sporw%la

of the fu%%US he has described as "P. undaXata.”
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it seeiuB Inw”uate for sorioue ooneideration.

On Une contrary, iwnd'a deecriptlon of
"Pythioaoriiia uniiuiata" la falfly detailed and shows great
sim ilarity to that of Apinia (1929)* The hyghae are "often
undulated, slightly branched, vftton old often yellowiah,"
and become "a reddiaii violet colour" with c*or-alne iodide.
Apinis had not mentioned the latter feature in oomeotion wlUa
"p. undulata." but recognised the reaction as a characteristic
of the genus "Fythlomorhha."  The definite statement is made
by Ijund that the zoosi«3re« are '"formed in the sporan”“um,"
and escape throu”i a terminal opening. Abnormalities occur,
the spores sanetimes «icysting and geminating wiUiin
sporangium (as describe by Apinis), or, ocooslm ally, the
sporanglimi geraiii®.ting by means of hyphae. Prdiferatlm

and subsporanglal brandling occur.

Cejp's (1933) refejenoos to '%). uniuiata." me made
in order to illustrate the characters of the gsmxtr Pythiomoriimt
the undulation of the hyphae, and their reddish colour with
ehlor-zino iodide, the tsndency to irregularity in the shape
of the sporangium, aau proliferation, are aentimed, and '

abnoxmalities in sporangial behaviour similar to those in tW

m aterial of Apinis and Lund are described.

The coammts made by cajp on the influence cf mf
enviranmental owxditions <aa % )orangial behaviwr are interestii”®.l

He has written:- "l« obtain a better devslopuwit of tiie 1



sporangia wh<m we add to the water a trace of some acid,

for Inst. HCl eo that pH is about five.” 'p. undulata"

lias been found by bund in acid” (pH 3*S ~ 4*3) and
"neutrally aoid" (pH 5%2 - 7*5) situations. The Siioranglum
p. unaulatum was idontifieu by Lund in material from the
"liighly aoid” one. Cejp iias also pointed out tlvat Minden's
(1915) observat!an of the fometion of a vesiole in
"pyttdcaioi-tiia Konaoodrides” may have been a mistake '"due to
the foot that unuer «peeial outside eonditlim» of environment
some sporangia instead of normal emptying, discharge yie
whole plasmatic contents” without dividiig; it seems equally
possible that the cwverse may be true, and that aimormal
behaviour of the sporangia of P. uwiulatum may iiave o«rsect it

to be reoorded as '"pytiilopoggfaa uadulata*.

Until a detailed mori*ologleal and physlolc*cml
investigation lias been made of a fungus resemMir”® those
desoribed as '"P. unctilata" by Apinis, cejp «Bd Lund, no
deoision con yet be reached as to vdiether the tbf"lspedfie
epitiiet has been applied in the past to two dlffermt fungi,
one a pythiuta and one a Hiytoahtliora. or to two modes of

bi#iaviour of a single speed©», PyUiium undilatum.

Barii® the present study, oontaot has Wan made
with Lund, Cejp and Middleton, and a nuoher of other
investigators whose work brings them in touch with water moulds,
inoluding Johannes in iienmny; a culture of p, undulatum.

Indistinguishable from the iMfcorial oollected at Bcyal Holloway



GollOgi«, was rooelved froei ?al8« van Beverwijk, 3 m a, ia

February, 1947

Nota: In 1891» mi intorosting rwooisi glvm by &w&oe
under the nam "saprolegnla alon”~ta*" (Beitlsh FUsgl, p*217)
A* cok* (p.76) hsMi po-imed out, mla 1« tdy *ba»®4

on mixed material, in part a sytMjow and ia part » aanroloaila.'
The O'jgonla, with 3 - 4 ooephama,

probably bean Uiooa of a spaela» of

s'jorssifia in the ("4ate 3, I* i are eaoaily- those

of & member of the lytlilaooaa. $::-orwW.nm la desoribed
by Maseee as “terminal, elliptloal, 5070 x 1&-21/*-, filled
with soosporos which eeoape frcm an opening at ttm & |»x«*
TTolifermtlon is Shown, and the sporanglo”iiores, whiOh are
desoribed as “slender, 3 - 4/* thi/Mc, often flamous," wi#
undulatlaw, and a o«»piououe nidsning uaVbr the sporangitrai
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COMOLUS10t4'S

Tli«c Identity of the Eeyal Holloway College
isolate, and that of ailss van Bevaiwijk, som s beyaod questic®,
and these isolatos Uierafore provide two additions to the

rocords of Pythima undulatum Petersen. *

Close airreeoient has been foind with the deocriptim
by Dissmann and Oraciislex* except in the foliowii%- points;- *
1. Creator variation in the shape of the sporangium has been
observed in the B.H.C. fungus than can be Inferrod to have
occurred in jlamaim *o, fjotu his étatisent that ujiile the sise
(. the sporangium varied greatly, tlie sliape remained fsirly
owstant. Sparrow, h(gover, has commented on the considerable
ohani“es in shape in tM fungus observed by libs*
2. uisdiarge of vigorous s”*jorsng” of the E.H.O. fungus
usually takes place by means of a sessile papilla; (mly when
disoharge has ueen delayed is a stiort exit twxbe formed.
Breolisler has found tW Itter wode of dehiscenoe to be the
more usual one in his isolate.
3. z.hile Breotisler has referred to his fungus as “the waterlily
parasita!,” convincing eviuanee of tt» strongly parasitic nature

of Uie a.H.C. isolate has not been found.



No previous writer has made any detailed
observations on sporulatiai, or ootmented on the umsually
short time (fifteen minites or less) that elapses during Mie
\diole process, rroa the first rush of protoplasm out of tlie
sporangluBt to the escape of the zoospores from the vesiole.
AS it seemed at first tliat F. undulatum shows a greater
degree of differentiation of its protoplasm bt"ore dis*iaj”"

cotKiionly occurs among oemhers of the gsnus iJytJdiEa,
and in general presents an umsually gross ea%ioaranoo, the
need v/as recogolsed of a propw understanding of the gemts

as a whole.

The following aocount of the v*et& tive features
and asexual reproduotiwi of members of the genus pythitaa*
in Which emphasis is laid on the details of sporulation, shows
that no dejjarture is made tgr P. undulatum fro© the lim its of

this wide and varied group.
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AN ACCOUNT OF IME CHiNUS PXTHIUM

I. THif ?2«iCaulUM

Ch&faotaXGat>lcs of the Hyriha

Hypiias are usually 2-5/7'Hl<ie» but vary from
ISyiyL., according to Middleton. Tiie brandling is abundant
ana irregular. It is essentially sonopodlal, but, according
to Butler, dldioteiy occurs in P. intemadiisa. iirechsler
(1946) has compared the "i'lexuous aPi*earanoe" of PyWiium hy#me
with the “stiffly brwiohl .g aspect"” of those of Biytophthora.
Middletcm observed that tiie mycelium may be intramatrioal or
extramatrioal, usually both on solid substrata, and that when T
a host is invaded, the hyphae are both inter- and intracellular. |
Butler recorded that there is not "any formatioi of rhiaoius, j
suoh as occurs in the saprologniaceae«" Hbla* (1932) show”
that the number of lateral branches foztned by P. epifiynum

in a water culture depaads on the available food aiKi not on

the wnount of water.

Butler observed that in the living protoplasm,
of the hypba there is abundant fat which blaokwis in
Plemming's solution, aM that glycogffln oooirs in hi#ily
refractive droplets. Kanouse and Humphry reported a

strongly lyophllio nature as a striking characteristic of



A

P. afertile.

Trow found dI1ffloulty In obtaining the
oellulose reaction on the wall of r. ulti<sum only a faint
blueing resulting from the addition of ciilor-sino iodide.

The work of Thotims, described under the "X dseusslon
on the relation between PyWiium and Ph”rtoniathorn.® reveals
that tNMO cellulose is not only masked by an outer covering of
peotlc material in active growing regions of the hyphae, but K

it is also strongly Impr”nated with fatty acids vtiich prevmt

the fixation of dyes.

Vigorous growing hyphae are hyaline a»d |
ooonooytic, but as the available food material becomes scanty, i
or conditions become otherwise loafavourable for growWi, the
protoplasm draws out of tM older regions md moves
the active parts, and the empty parts behind are out off by 7/ [
septa. Butler described Wie formation of a septim «s follows:- |
“AS the protoidasm grew scanty, an acoismlatlm of granules
was observed a little beiiind that portiw of the hyplm Wmt 4!
was still well filled,” and the septum appeared in Wie midst

of the granules.

74; ; APPressoria

Appreasorla are, formed when rtypdme make a
surface contact; these are extremely variable, @v@i wlUiin
a single species, and are desoribed by Middleton as "simple or

complex, straight, curved or globular in shape, becoming more



or less flat,bboned when applied to a firm surface." In
P. adhaerer®a they are"sll” tly arcSied and olavate, or slender
and. somewhat siokle-sliaped, occurring singly or in clumps

of great ocmplexlty." (Sparrow, 19)1.b.;

"Budlike lateral procease#"

The hyphae are usually re|»ular, but
irregularities, to wliich the nonooasnlttal term '"hyphal
swellihgs" may be applied, are of fre<“ent occurrence both
in species with fil” m tous sporangia ami in spedt” with

spheroid sporangia.

Both Marshall Wa” and Butler ranarked on
the irregularit/e occurring in the subgeisis AphragaiiHa.
Butler has described 'bud-like lateral processes,"” also seen
ty Marshall Ward, “which become crowded with dense protoplasm
and are probably oapible of jareservii® their vitality under
conditions which would be fatal to the more slenderly-nourished
hypiiaoi" they often continue growth by puttir® out a hygha.
whereas Butler regarded these struet”ires as “buds,”" servii®
for perermatioi, Marshall Ward considered them to be reservoirs
of protoplasm either for tlie immediate needs of tir® mycelium
or for the formation of oogonia. Both investigators ignored
the possibility that they might be sporangia. Sdson, however,
realised tlmt in the fungus whidh he called “eesporaagitaa
arhanidematus, (re-named Pyt*ua aiA*"dematlgo by yitzm trlefe).
the irregular, lobulate swslliiigs disdhaf”® the aoosporos, and
he used his term "presporangia" for them. Sideris (19)1)
regarued sueh atructuros aa “morphologically Idaotieal with
and indistin”?iishable from" sporangia until the latter disc”*iarge
zoospores. He called Wam “plaasatobgoses'", (plasmatic
outgrowths;, and considered them "of great importance in the
characterisation of species,® according to their,occurrence
singly or in groups. swollen irregularities of the aycelium
distinct from sporangia have been recognised also by Sparrow,
and by Subramaniam vAio r*arded them as reservoirs.



atlaaiytiiosporQs

Althou”i blilokwalled ohlsuaydospores are
fonaed abundantly by certain species, e.g. P. uiKiolattsa and
P. afertile, it seems that neither Matthew nor Middletm
has regarded Uio formation of cblamydospores as of any
ilaportanoe INn the genus i*thiua. They do not appear in
the aeotiori of Middleton's monograph headed, "Morpholi%]loal
observations," and are even omitted from the desoriptlm of
I. undulatum.

Kanouse and Humphrey reported the formaiion
by P. fertile of cMamydospores, which tiicy described as -
"apherioal or elliptieal, 9~21al ; sceietimes Irregular.
Usually formed termdnally but becooféo lateral by the formation
of hyphae from one or more places.® A septs”™s, wliictt mig”t
be as mudi as )0/i away from the asollen part, is foraed on
either side of an intercalary chlsmydospore. Kanouse and
Him#irey observed Waat toese bodies are formed in large imabers
on fJies, but, owing to the unusual lyo#dllo nature of the
fungus, they do not appear on oil agar. They have never been

seen to produce zoospores. Matthews has observed, ”We have
been unehle to see a reason for not considering them as conidia.

Qemsae

At various times, structures have been
described to which the name '"gcasaae" has bom glv " .However,
no mtaaber of the genus arthiim forms any organs whichare H

oonparable with the gennaae of the saprolegnlaoeae.

Butler observed in P. roatralto certain

bodies which he called "gemmae." Tiiey #ere “"oduced m cm
occasion on an old fly culture, and, inoculated m & fresh fly,
gave a typical cilture. Thw were pear-stuped buds, "<mged”

In a zig-zag manner, ea<di succeeding onearising “ora ttis*de
of tl<J pre*ous." Butler rmuisfked, "I have not «”“served th«a
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elsewhere, though the vqgetatlve buds ...... are probably allied
bodies." "They resembla the gaumae of sapi’olerafiiaceae but
have not the same morphologieal value." That is, Butler

aooepted the view expressed by Mauriaio that in Saprolegniaceae
the' netima represents a modified sporangium. He defined the

geuataa as a Vegetative bud reiaresenting a portion of
iiy'oelTum containing within itself a sufficient store of reserve
nutriment to enable it to vsdtlistand isolaticsi from tiie gdant
e.dtt:c*. 2t losing its power of recm 'md growth."

These organs described 1% Butler have not
been observed since, and tiiejr are altogether adtted from
the description of ?. rostratum in Middleton* s macc”raiA.

Bodies "of irregular fom" spearing in
p. epigamuia '"at the end of the growth in length of the hyphae
or later on" have been called '"geossae" by Htthnk (19,7). as
Uiese bouiea are distinguished from restir® sporan”a only
by the fact that the latter are formed earlier, "during the
v~etative period of tW mycelium," and are more regular
in sli*w, there seems insuffioiait reason for giving Wim a
different nemo.

%e so-called geKan&e described by Sidéris
(19)2; in P. oolyoladon ( = P. vexans) e“ro "represented by

extrusions of protoplasm diaamtrlcal breaks produced
near the tips of liythae," and geiminate givi% rise to many
hyphae simultaneously. AS are produced mly tmder

slityitly adverse conditions, #ien the organism is grown in
culture media not suitable for the productico of "sKsnidia"
or zoosporangia, %iey appear to be an abnormal growth
IXienotzenon»
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II. THE Si’ulb>HQIUM

Pealayt» of the 1%Wr@ SporangiuBi

An outline of the chief faataw

There are three main types of sporaoglum;-
1. An undifferentiated, portion of the uyoeliuai sat off by
erosswalls and hearing an exit tubs.
2. A oomplex of Irregular digitate or lehulate interoanaunioating
elements set off by orosswalla from the rest of the “yoeliuia and
having an exit tube.
). Abursifom, utriform, sptkerio&l or scxaewhat ovoid, tejsainal
or intermlary organ set off by septa from the more of less

differentiated hyiAia, with or without an exit tub®.

Sporangia of the first two types have been 'f#ft
grouped together by Middleton m d called "filamentous," to
distinguish them from the rest, #ti#i he has called "sihe”idal.fj
Aooording to sparrow (194)), “intergrsdes between asase of

these typ«8 may ocwr,

A wide range of size, as well as of sha”,

may be found in a single specie*.

The oocurrmnoe is indicated of two kinds of

vacuole, possibly differing greatly in compositlc® and

function, in the sporas”la of species of Rrthlum. The first



Mud Is associated with sporulation, the Si>orangla of most
species possessing one or more vacuoles previous to diseharge;
the second kind is a vacuole of senescence” thou”i it s@ns
that in the sporangia of some species wld<ai can liberate

zoospores after a period of dormancy, rejuvenescence occurs.

Deliiscence of the sporangimi takes idaoe by
means of a papilla which may be sessile or situated at the end
of an exit tube of variable length (alternatively called
"dis(Amige tube," "evacuatice tube," "emission tube," or

"emission collar.")

Vacuoles.

"A ripe sporsmgt"m ready to discharge is

always vacuolated,"” aocordiag to Butler, 'Mbose observations
refer especially to P. prclirerim. P. rostratum. P. inteiaty*»*»-*
and P. gracile. % hile the anorangilBa araolle u gf

type (11, Wiose of the otin” three species are of type ()}.

"P. proliferum Invariably jwssesses one or more large* vamdles,
usually of an irregular sliape,"” but, in this species," "the
eventual omdition is one in which ttie spora“ium om "aisia

a single irregular vaeiole."

M arshall ward,also, had motioned the vacuoles
of p.proliferum. sparrow (1931b; has described them in
P. aidhacrens,'and Edstm in P. atfaaalderBatum. species vhich
have sporangia of types (1)"anti (2; respectively*®

Prechsler (1941) has stated thW,, unlike otwr
species, a vacuole is not formed prior to sporulation, by
a vigorous sporangium of P. marsinium, but that the "sporangia
here, like those ,of otter oboyoetes, sooner or later show
a vacuole of senesomoe, wMoh often Increases in size until
the gramlar protoplasm is crowded into a thin parietal layer."

The exit tube.

Butler,desoribsd a "beak," vhi” he believed
to bo"of constant occurrence."” Itis not found in a definite



(73

position, but is “of constant length relative to the diameter
of the sporangium." Thus in P. proliferum it is always
rather less than one quarter of the diameter of the sporangium

repres'anted, by the modified apex of the hyphas “it is

always occupied at its upper part by the subaidcular vacwole."
He observed “granules of a bright oily appearance move up

and disappear in the vacuole" of ?. cradle.

Mattlie?,a has pointed out that tte length of the
exit tube is variable, and determined by enviromental
conditions. Indeed, there are various reports of its presence
or absence. Thus it is stated, on p.j of Middleton's mono-
graph that the sporangium, "whaUier filamaatous or spheroidal,
gives rise to a delicate emission, tube vhicai is usually frm
2 to 5/A in diameter and which varies from 5 to *~0/* in length,,"
while on the same page the psqdlla of five spocios is described
as "sessile," Elsewhere MitMleton has written of p. undulaWm.
"regardless of the position of the sporangium, the veaiiole la.
sessile, arising from the papilla."
hredisler (I1941; has reported that a disotmr” tube is usually
formed in p. undulatum and in P. oedo<hilua, Wt that the
sporangium of the latter sanatiimis possesses only "wall,
apical protrusion" which serves in dehiscence. Similarly,
aooording to orecEisler, in P. palingega, the "dome-"aped
apical papilla, usually presant on a sporangiia wh®3 it
attains a definitive size, may function directly in dehiseenoe.*

The Restine Sirorangiaa

A sunraary.

Sporangia sometimes raaain quiescent for a
considerable time before releasing zoospores. It appears
that the dormancy of sporangia of P. prolifeasa» may last fw
several months. A large vacuole is pirosent in the resting
sporangium of most speoies, but not JUi p. marsirdum (iircdbsler,
1941)i in this spedes, «lien water is ad(Wd, "disdmige of the

sporanglal contents ensues more proo”tly than in most allied

species.®



A resting sporangium soaetiaies gestainates
by means of a hypba. Its beltaviour is dotermineci largely
by environmental oonditions, Uxe addition of fresh water
encouraging the liberation of zoospores. light mi aeration
have also bean shovm to influence the behaviour; obviously,
the state of vigour of the protoplasm at tiie tiim of formation
of the sporangium, the length of the gulesoent period, and
the oonditions under which the dormancy has been imintained,

mst also be imi>ortant factors.

AS a sporangium which produces a germ ly#ia
does not apparently differ frcm one vhich liberates zoospores
in any other feature, there is no reascm for distinguishing
it by another name. The term "eonidium" is entirely
inappropriate. It is dear that a dsssifioaticn such as
that proposed by Sideris in 1929* based on the produoticsi

either of zoosporangia or of "conidia” is " ite ingsracticable.
* 1 . ¥ !

r

Details.

Marshall Ward topt sporangia of p. proiifertzB
"dormant many months in a oool oellari" ascd oaso to-the
oonclusicn that tii® "retain titeir power of fojaaing zoospores
for long periods." Bitler also noted this pcwer, after
keeping them for a aceitii, and observed that there is no
alteratic» in strucWre, but that stiiklhg feature is ,
still the large vacuoles. Marshall. Ward considered a "thick
outer wall, short beak-like process, sM large oaotral vacuole”
to be characteristic of the domant sporangia oTaaerved t% itim.
This differm ce mmy be due to Wie fact tAat these 8porw%i&
had tmdergone a longer, and possibly ooolor, period of
quiesoenoe.

The dormancy of a restir” »porar®ium is
terminated either by the liberation of zoospores or by the
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forsnation of a geita hyiAa. In p. epigyroaa, aoooralag Vo
H6hnk, (1932),only a few of the i’ifist-rorSM sporangia liboi'aVe
zoospores at ono®, most of thetn booomlng resting s$K>rangla*
and the proportion of later-formed sporaj”a whioh sporulate

imuodlately is even smaller. The older the restii®'sporaa”«a
of tills spooles, the less likely is it to produoe zoospores,
and after six weeks "only rarely are zoospores formed. Asong

the first—formed sporangia, however, “tyje peroenta” of those
whioh gainiinate immediately may be influenced by the addition
of fresh water ..." Tite Influenoe of a”“vilronmental factors
in determining the boliaviour of sporangia has been appreciated
by various investigators. TWs, Butler inciuced the dl18itia%e
of zoospores by supplying tii® sporangia with a large amount'
of well-aerated water, in the light. hrechsier (1930) has
alsa stressed the value of aeiati(A and illuainaticn. .

Sporangia and other "spherical to pyrlfoRa
resting bodies" (Matthews) which germinate by producing a
hypha have soustimes been erroneously, refem * to as "es»ildia,,"
althou”i their olose relatlmship to sporangia Ims be«m well
appireoiated, aa the following stataaent by Butler shows;-
"lheie is abundant evidence wiat conidia lutd sporangia are of
ooiauon origin, the coniOium in Brthlum representir® *rely a
sporangium which has failed to foS""idoesi>ores and whi<”®
germinates directly. Thus in P. intermedium, td"re both
conidia and sporangia ai*e ordiiiSfiljT'fr*j*' Prouueed, they
not alone present no dtffsreooe to the eye, but their behaviour
is Viholly a matter of environment. a “van spore my, if
appropriately treated, empty its contents as aoos”“rcs, or
put out a vegetative ly”“ptia from which a new plant arises;
and even after one or the oWier of these two methods of
propagation has ooimnenocd, some change in the oonditions my
cause the other to be the final result of germination." '"indeed,
the ohange from sporangia into conidia is probably exceedingly
common."

Thus, while the productian of zoospores is
the natural, and, according to Middletern, in "filamentous
strains" the only function of a sporangium, tiie development
of a gens liypha may be regarded as the result of its suppression
by enviromcutal forces. Since the various stniotures termedL
"oonidiua" and "gemmae'" are usually capable of liberating
zoospores under favourable conditions (excei)t If. ultimaa).
It seems desirable to include them under the term "sporan“um,"
“inasnR’ch as morphologically and ihylogenetdoally caaly ewe
structure is under consideration." (Middleton).
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Sporulation; (1) A summary

Introduction.

According to Matthews and MiddLetm»
sporulaticm is ohuractcrised by the passage of the protoplast
in an undiff@r@ntiated state through a aiort or long exit
tube into an evanescent vesicle in which the zoospores are
formed. In founding the genua Hytd4d.iaa m P. mmaospermm
(and P. entophytum) in 1858, pringalicia wrote;- "Me
sporeo bilden sioh nioht, wie bei S«mrolomda uM Adflya.
noch innerhalb der Sporongien selbet, sondem disse bffwn
sioh noch vor ibitst*ung der S*wamsporen an ihrer Spilae*
and ihr noch v&lllgformloser W falt tutt ha jenem unvertoierten
Zustande, in wclchom er gc#Imll<M Sdilaudi und Sporanghss er-
fillt, eus der Oeffnung hervor uW sacimelt sich vor (Wr@alb@Q
zu einer Protoplaaaakugel an welch noch von einer aSssert

zarten Membran umhdllt erscheint."

However, detailed desoM ptione by a mmber
of investigators show U¥iat different stages in differentiation
are readhed before discharge occurs, in different species,
and even in different spormgi& of the same species® that
this variation is due only in part to differences in environ-
mental conditions. it seems best, therefore, to describe
the emerging protoplasm as "relatively mWiffermiWw *ted,"
Details of this differentiatlm, as ooapared wit* that of

species of Bu'toidaltaora, are givrni la Ai#endix II.
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% e membrane within «hioh the zoospores develop
until their esoape as mature fi'eeswlmming bodies has been
regarded by some investigators as the sporangitaH proper*

Thus the papillate struoture «lioii pours its oeaitents into

it has been called a '"presporangiim" by Edson, and a T
"prosporangium” by Sideris (19)>). However, ooi#arisen

of this papillate sti-ucture with the sporangium of a related
genus such as I'hytonhthora indicates the homcilqgy of tiie

two organs. It is therefore generally n”pirdsd as tiie
sporangium, and the membrane within which the zoospores mature

is called the vesicle.

A summary of tlie process.

The changes mdjSTgam by a sporangiim, whether _
filamentous or spheroid, prior to its disWmrge follw &

certain sequence which is eharuoteristdo throu”amt the gems.

The following suonazy is based on the cuctline “v<mrt Butler:-
1, Changes occur in the ag”arance of the hyaline
cap ef tte '"beak", Ois apex beocees very bright owing to

the presence of a highly refractive substance which appears
to be derived from tiie apical wall; Bparrc» (19%b) has,

observed also, in y. diotyosmrum. two furtiier subapiwlar
radons, a slightly leas hyaline zone ami a pale finely

granular one. AS the grunulsa? protoplam retracts, tte whMc

"beak" becomes clear.

At ti”*, the protoplasm, whiei: is evidently
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in motion, develops an apixjamioe iShidi Butler iias described
as "luratv," due to some differentiation of the ijrotopiass
whloi» foreshadows its division into zoosjrores. There is
considerable disagreement between the aooounts % lob have
been given by different investigators of the degree to whi<ai
tills differentiaticn may proceed, due, perhaps, to som
extent, to differences in Uie oonditfone under whieh the
observations have been made. Thus, while Drsahsler (1941 )
has described a considerable degree cf differentiations

of the protoplasm before its discharge as a regilar feaWre
of r. marsluimm, different sporangia of P. prolifeiua (and
of F. Mytanidemtatma) have »em observed to rea<ai very
different stages before disdbarge. It seems, however, that
the complete deliraitation of the seospores into separate units

is of rare occurrence in BrUixm (see

2» Tho large owitral vacuole disappears, and the
sporangium dacreases in sise by an appreciable amcxmt.
Althou” Biisgen noted the occurrence of a large vacuole in

P. proliferum. it seems to have been overlooked by most of
the early writers. Butlar has attached to it grecs* importance
in the process of sporulatitm, and Bredbsler (192 ) has

described its absence from the spormgitm of P. marsiMum

as an aberrant feature.

3. The apex of the sporangium swells, the protoplasm

flows up the beak and pours out of the sporangium, pushing

Wbhe refractive substant» is front of it, into a spherlc«dl
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iaass surrounded at sotue dlstonoe by the delloate

of the expandiiig vesicle.

4. The maturation of tkie soaSi*>oros takes plaoe

in the vesicle; Four stages may be oistinguisheoU -

(1) cleavage areas appear in the gently mcMiog' mssm

(2) Siiort flagella can be seen wavlz® m Um peri®texy of

tide mass, arxi tlte sexiarate apor<sa begin to show iisfividual '
movement. (")) TU® scores are dearly vaooalated, and

the flagella can be seen to have elor”*ted. (4) The oscillatory
motim of the zoospores ohanges to a r*pid swiming movmemt,

and Uis vesicle finally burats, liberating the mature ai>ores.

Various lengths of time have be@a alleged 1%
different invaatigatora to.ela”e duriz® U» "“bede procsss
of zoospore fom atlen and maturation. . the speed of the
process is x>rotyebly determined chiefly by tlie conditions of
tlu» environment and the state of vigour of the protoplaam; ,
althou” it appears that matur%ticm tends to take lor“er
in species with filam “tous spora“la #:an in those with

spheroid ones. , -

sporulatid» (2) pet” a ’
Changes in the “beak."

"me first Indioaticaa that'»oo«i»re formatlcsa is
about to occur appears in the apex of #re beak," according



to Butler. Observing p. rostratum. he noted Uiat the
whole “beak" became olear, and”“tba€ the apex was very bright.

De Ba%y (i860) and Hesse had ooctciented &ei the
gradual Uiiokening of the originally delicate aMcal wall,
of P. proliferum and P. de Baryaiaw respectively, and the
replacoment of the protoplasm in the '"beak" by a colourless
gelatinous substance whioh passes over at its base into
the lateral walls. This substance entirely fills the '"beak"
of P. prolifertra, aooording to de Bary and Butler, and
almost haiir fills tliat of ?. de Baryanum, aeooiding to
Hesse. All three ob8ervera~TOmi”*ttéaon~lii8 definite
contour of ttie protoplasm, separating it from the refractive
substance. The statanents of de Bary and Hesse are mioted
in ib1ll as follow:-

Do Bary: '"Die nichste in d@s Sporaimhm
wahmehBibare VerSnderung besteht in einer Verdlckung seiner
Anfungs sehr sarten Mmbran, in data *xUcktreten des
Plasceainhaltes aus der Endpc”Ue und solnem ErsaWtwerden
duroh cine hoaogene, "iiaende, fafblose SubsW :s. Angangs
in gerlnger Menge vorhanden, fullt disse m Utzt die ganze
I>apille sus und goM> an der Basis dieser in die ziemlloh
derbe seitenwand dber, so dass ale wie eine kagelf& mige
Verdidmng dieser erschoint. Sie besteht, ihrar Aehiuichkeit
mit zw clfellosai GallertabLagcrungen und lhrem spateren
Vorhslten zufolge, aus einer der Cellulose oahe verwamdten
Callerte. Die Plasmsmasse, neldie (kxedi sie vezdrin”
wird, bleibt stats an ihrer Aiasmseite vm einem stAiarten,
wenn”eioh sehr zartan C<s:tour umzogen, der aich in die
Umrissllnle des die Seitenwand berUhKaidwi Plaaaa fortsetat,
und dsn Primordialsohlauoh anzeigt."

Hesse: "Cleiah na<fli vMlaidatem llangenwadhsUaaa
des kurzen Fortsatzes IAnHch sieht mm, wie sld: die anfaa”®
sorts Membran ctor Zoosporaaglen etwas verdi.<tiit und wie
alhn& hlig der protoblammtische Ihhalt ma der Endj*rtie des
kurzen Portsatzes afirii”ctiltt und arsetzt wird duroh else
farblcsc, gallertartige Sibstana, auerst ist disse gallertsrtig
etwas glbnaenue Masse nur In der 4 ler& ussersten Spxtz® des
Fortz& Mes sines solchan 2oosporangivKD*s siditbar, aber
sp&ter varmelirt sidi dicselbe derartig, dass sie ni<iit nur
den engen Kanal des Fortsatzes bis bald zur liSLfte ausfallt,
sondem dass aie audb noch von da aus ein Stdok weitdn die
Wandpartie der anderen basalen f”* fte des Portsatzes Gibergeht.
Die jenlge doa protoid.asmatl8:d:en Inhaltes des Soosporangien,
welohe duroh diese “llertartige Masse aus dm Snde des
Portsatzes zurlickgedrfingt, zeigt sidi stets an ihrer Aussen-
seite begrenzt dur(6l einen aarten abor deutlicii siohtbaroo
Ccemtour, weldicr in die ftusserst© m rissllnie des die wend
des fortsatzes beriUarenden Protoplazzaas iibwgeht, und d«n

Frimordialschlaudh andeutet und die gallertartige farblose
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Subafeanz ist attf zuiassen als sin Gekrsti(aisproduct des si<ai
alliutlilig aus dam Purtstazende des icosporangium's zuiAtdc-
ziehenden Pritordialsohlauchs.'”

In ?» guljaerens. Sparrow (1931b) Am reported
the pfesesnce of a narrow zone of hyaline, ld*ily refractive
m aterial vitxiefli aEpiars In optical seotioo as a
slender orescent." “The d<xue of glistening substance apx”™ars
to possess, shortly before Wie distdiarrs® of the eontost, a
double contour when viewed in optical seotim." In
P. ~ctyosi>oruia. (1931a) Sp&n*aw iliistir<®Aj.shes "Wxree definite
regions: an upgar, very refractive, orvasoeaat-shaped one;
immediately below tliia, asli” tly less hyaline zone; beneath

Wiis, a pale, sll#itly refractive, very finely grmmlar rejli«i.

The distal end of Wio latter aaae is cratérlform, and bears

at its apex a highly rerraotlve bit of material #ii@h " i” ssts
a pore. The protoplasts beccsaes more daisely grtaiular a

short distance below the tip," Tte second zone dlstiiuiahed.
by sparrow apparently oorresponsis with the vacuolar region
which he has described in P. a&aerens (1931b). sparrow
made Wie ooaasnt in 1931 tji&t 'little Information is available
i'i%arding Wie rather critical changes ooourring in what has
been tenaed the '"sub-apical" region of tte sjxii’angius,
Imoedlately precedihg the formation of the vesicle. This
has possibly been due either to the ra”“dity with which these
stages occur, or to Wie fact Wiat attentlim Ims been fixed on
the more obvious enlai'gee®t of thebristly gUsteningapdcal
toateidal."

.Tfas "liaBping* of the protoalasiB.

According to Bisgen, the protoplasm of the
sporangium of P. orMlferum appeal’s at this stage to be
divided up by a netwOrk~df%i'oi#8 of gKuaul” arranged in rows.

netwoik soon disappears, and equidistant vacuoles and

bright spots can be seen (freiyienldy grouped wound a specially

laxge vacuole). Light soots separated by darker, dense
granular lines whioh seem to indicate division liave been
observed by de Bary also. According to Hesse, the "circular
areas" in the sporangium of P. de Baiyawm appear to be

separated by light streadlS whi“i seem to foreshadow a sepamtican

but dlsapijeai* agaSi as quickly as they came. e full
quotations are as follows;-

Bfisgens "Bei “nauer Beobaohtung lessen siWi
als Beglnn der sonderung in d«i rund«i sporangien dieser
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In P. maralpluffl. according to Drechsler {1941), &
lumping or the protopo&sm occurs siailar to that described
by Butler, There ai*e "nuaerais, more or less evaaly
distributed, auba“srloal hyaline bodies, approximately
3/ in diameter" present in the sporangiua for seme time
before its dlsc*iaxge. "Perhaps more because of some lumjdng
of protoplasm about those bodies than because of any definite
dsfflaroatlcn, the sporangiad contents present an appearance
vaguely suggestive of Meavage,. a little like %iat presented,
for example, in sporangia of Kytoijfathora ready to diseharge
their zoospores." Dreohslor has expressed his view that tte
stage of differentiation reached before disehaZRO in P. marsi-
plum is more advanced thazx in most allied species.

Variation in tlie behaviour of different sporangia
of the same species lias bcai described, in P. asSiairtdematua

by Edson, and several times in P. proliferum '{see anoenAX. ):

and it appears that the a*JoKaoCTiiBgrseaent araong different
investigators may be due to the differmt condition» under
which the observations have tern made.

Tlie disappearance of th# ysasueCLe.

In P. rostratum, according to Butler, the large»
vacuole, previously”?inoire than half" the size of th® sporangium,
gradually becomes rounded, and disdi& rges. In the material
whioh be was observing, '"while the vacsidle was discharging,
the beak collapsed somewhat, and a portion of Its contents
was drawn back into the sporangium, foxadng & vacuole near
the base of the beak." The beak soon filled exit again."
After the dischsrge, the spozWglum is much dilminWied in
size - by one-tenth of its original size, in P. inter*diim -
its turgescence is lost, and the protoplasm a“E»ars "'abre~“
finely graziular and homogaaeous than before." The
disappearance of the larger granules has also teen observed
by Hohnk, in P. igoliferya. According to Butler, the
protoplasm also changes “a little in colour and transparency,
showing a paler tint of the faint blue under artificial 1i" t
which it previously had."

Butler observed also Uzat a "few small oontraotUc
vacuoles are sometimes visible at W.8 period, .... Wt their
constant formation, If it occurs, has escaped a® attention.**
In P. proliferum, Hblaik has recorded that at this stage
each '"plasma part ("spore origin'") '"now contains '"«me or
a few small vacuoles" which, however, are not permatwnt and
disappear immediately before disohar”. Barshall Ward also
noted that in tMs species, ty the time that Wa tip of the
"beak" has become pale and difflusait, and has bctpm to protrude
like a gelatinous drop, the vacuoles have almost disappeared,
"a mmber of minute brigit points, slowly playii® In the
gramlar contents probatDy representing thm." It is

T N



possible Uzat Wie dots seen by Butler at this stage taay
oorreepond with these "bright points."

P« marsiplum stands ajjart frmn most other* species*®
Dreohslor has writtens 13url% Wxe period immediately
preceding disdiarge, the sporangium here does not reveal any
vaouole comparable with the large laeuna-lik® vaaxole that,
in most congeneric foms, increases in siae until it abruptly
disappears very shortly before the protoplasmie materials
are expelled." The protoi®aciio reocw”nisatlon associated
with much vacuolisation may be aocaa'jlished here saich less
obtrusively just before the sporangiwa enters on its prolonged
condition of readiness for discharge."

The outflow of toe protoplaaa into the vesicle.

The initial stages in P. diotyosponm have been
vividly described by Sparrow (193I1a)"@a'"foil owe:" refractive
dcHoe loses its double oorztour and b”*ins to enlarge, wlxile the
exfunsicHi of the finely granular, erateidform proto*amB
distally is initiated, (see the ssotioa headed '"la. Ghmges
in the beak." ) Ho ohai” in the position of the lower, more
densely granular material has yet oewrred. This stage lasts
"only an instant* and is followed immediately by the next stage.
The hyaline cKcp continues to expand; the cme of pale protoplasm
becomes even more distended, ani its refractive "pore" apparently
Ixxrsts or deliquesces, "resulth% in the llberatim into Wze
vesicle of a very finely granular material." %e lower,
more granular protopla&B starts '"to move toward tip of
the sporangium, lidiere it will be discharged into enlargi®zg
vesicle." Sparrow has commented, "tarns it may be sew; that
the finely “anular, somewhat lysllne protoplasm with its
oratcrifozm "zex appears to play an intimate part in the
initiation of Wie ejection of the protopiaas from the td.p of
the sporangium. That it is of a soeoe’hat diffcrm t loaterial
from the underlying coerce substance fillip.the rest of Wie
sporangium is apparent not «aly frm its distinctive physical
properties, sucSi aa refraotivlty and exjasuosive power, but from
its greater affinity for such stains as rutbeniw
red, and Bismarck brown*" Sporangia of P. adhaerens and
P. amustatim, wliicdi are also of the filaffintous type, have
been observed by Sparrow,(1931b), to go Wiroi® the same stages.

M arshall ttard has described how, in material of
P. proliferum, whioh he observed, "a large clear vaouole
ain«are3'"'3i~Qie protoplasm at the end of the spoiwgiu® opposite
the beak, and the pals swellii® at the apex of Wie beak suddenly
began to be inflated like a blown up bladder." te has described
also how the '"hyaline dome" <sf P. gracile "comameod to swell
up gradually,"” and has ooapored tte subsequent outflow of the
protoplasm with "the rush of endoplasm often noticed in the
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protrusion of a large pseudopodium by a vigorous sBtodba;
the flow of granules was most rapid in the axial portion, and
the last particles fallowed more slowly»”

Butler has ©ooparod the disdbarge in g. rostratum
with the flow of porridge fcroed through a hole, em*iasislhg' #®
an essential difference, as follows:- "'Bic gramle directly
opposite the opening was not always the first to esoape. It
was scQOtimes shoved aside by one to the rigit or left, frea
this I have been led to suppose that even at this stage the
spore-origins are definitely formed, and tiiou” fused into a
mass in which Individual spores cannot be made out, each zmoleus
has a hold on a mass of (grtoplgmm #iloh passes out witli * "t
nucleus. Hence, in passing out, when the nucleus mgagea
in the tube it draws its wtoplasm with it, whethw this be
directly in the centre or to om side of the opmling."

Butler's account ccmtirares: '"AS the protogdacea
passed out, it rotated slightly except Wiat part actually in
the tube. The unesoaped part remained in a diminishing,

more or less spherical, mass, pressed s*dnst the opmirg of
the tube until the last portion passed out." Marshall Ward
wrote, of P. nrollfe::** "Even as the last gj*caulea passed
slowly up tii¢ axis of {he beak, the Slowly writhing mass of
protoplasm began to divide up into separate blocks.”

%e '"final fasbionitaf* of the soospores within the vesicle.

According to de Bary, Bdsgen and Hesse, tte
lighbt spots whi<di were visible in the prrtoplasm before its
esoape from the sporangium, but ai*arently disa””ared duri:%
its passage through the exit tube, reappear, and the cleavage
lines or areas again teeome visible. De Bazy has written*-
"Unraittelbur nach dem A ustritt in die Blase trltt dsgegen
eine der obigen gleiche szxxiexung in helle Fle«” und dunklere
Interstitien wieder eln, iss bleibaod und sofort von der Theilung
gefolgt su werdMi.*'

There is close agreement in the accounts, by
these mod other investigatoz», of the cleavage into soos|)orc3
and their maUtration. Marshall Ward, Butler, Mscn end Sparrmf
have given detailed descriptions vki<& are essmatially similar,
except that the process in P. aphaaidteraafam, as described
Edson, appears to require a'l<Xi”r time wm in otter species.

The prooesa may be considered in four stages™-

Stage li m p. adhaerens, according to Sparrow, immediately
8'twlEIlscharg57aMI#E ” surgij” movement of the minute particles
of the protojdasm is p8~0®ptible. A fter a few secauds sli” t

contractions in certain r*lcsm lend a lumpy, irregular
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apiiearunoe to tte mass. Faint porijherai lines cf cleavage,
vSiizMi demarcate Inzogilarly polygonal areas, soon bce”ac

visible in Ijie now more extracted content." "Abwit three
minutes after disdriargc a rooking movetacaet of til® sass is
noticeable." Butlor*s description of ?, aracila is similar:

Two to three minutes after t%NO outflow, the " Sii te”“ns to
move as a whole, and cleavage areas appear* Vacuoles is@y
apjear in the mass ..... probably duo to a too rapid leakage
of water into the vesicle. This wnctrates the prcto*daw
and is expelled again by contmctlle vamoies." "Cleavage
lines like Indistinct grooves'" are not visible in

P. aphanidermtitum until sevm admites after the outflow of
protogpiaan, 'according to Bdsm.

Stage 2} Butler has stated tliat the flagella '"<”“jear rather
suddenly five to ten minutes after the outflow," but IM has
expressed the opinion that they are probably formed sme thee
before they become visible. Sparrow has seen short, hyaline
flagella after six minutes in P. adhaerms. and Sdson after
nine minutes in P. anhanldcm alS7'""lda"im" has described how
Uie flagella "alongatia duriiw the progress of deairage so as
to give the @g)i®aranoe of being pushed out slowly frtaa wi#iin."
growth is sufaciently ra#d almost to be seen at a

aagnifioation of two thousand diarters - that la, (sic readily
notes Uiat they have increased in Isi*th in the course of a
few seconds . . . Bison mlcul&ted that tte combined length

of the two flagella is approximately equivalent to twice the
ciroumferenoe of the spore. Be believed thm: to be put forth
from the blepharoplast by a process of "gmhisl elm » tion."

Sdson has also recorded the ccmsi<m@l ooourrzmde
of a #ienomenon not mentioned ly other observers: '"About the
time the first indlcatl(ms of cilia (sic) '"are (Siservable
small bubble-like protuberances suddmly puff out here and
there and then instantly disdRpeer as if they had W rst.

% ereafter cleavage Indentiatims appear at the points &£
rupture...."

The movement of the mass has been described by
Butler as a slicking or zwlling» at first, but he noted a
"short amoztooid stags" in wMecto “paeudojMjdia*, put sad.,
and retracted. sorrow has observed that mvmm% of the
spore Initials gradually becseas more pronoaaecd, '"azecumiag &
twisting or wxithing character" as they slowly beocne aep”ated
from earn other, lix radmtea after dis“iarge the initios,
which arc by this time definltMy delimited, can be s#ce to

"o3dilbit a sl1* t individual movment." m P. aphanldematum,
according to " «ss, the definite «itline of the sp*seaSSjot
be out until thirteen mnutcs, and m individual motion

8evOnt«sen minutes, after dlschar”.
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One minute later, aa Hdaon observed, a '"large vacuole'

zgppears in each spore. In p. adbacrms, according
to Sparrow, a small vacuole can be seen in“each’of the sjror©
mosses" " at about @Il#zt mimtes," by which time the short,

hyaline flagella have increased in length, and appear as '"dark,
flexible lashes."

Stago4; The "motion beoomes oscillatcry and vigorous,"
according to Butler. In P. adhoerens. aoeordlfjg to Sparrow,
after eleven minutes, '"the spores have become nearly mature
individuals. %zey still continue, however, to oscillate
somevAiat until they are perfectly formed. About fourteen
minutes after egress this moticn is gradually superseded *

a frenzied milling around of Mac zoospores within the confines
of the vesicle. Ultim ately, the vesicle is ruptered by one
or more zoospores, usually in the upper portim, and the
immured swormers escape.*' The zoospores of I aateiMdermatua.
aooordim to Edson, require Wenty-six mimtes 'to atlM n''thcir
"adult shupe," and at twenty-nine minutes they escape "throu”
a punctzure produced in the membrane by the force of their
impact «1 it."

The tlmo rewired for the maturation of the zoospgaros.
Vui'ious sports have been give» of the time

which elapses during the maturation of the zotzporcs. Sxam”“es
are listed below;

Investigator Species OOBZaaats
1915 Sdson P. gptaEanideaaatum  Usually about minutes;
sometimes 0: 17 mins*
1927 Kanouse and P. afertlle Less tlzan 30 minutes,
liaa®irey vhieh th%r considered

to be "an umsually
short time."

1883 Marshall Ward Un-named 29 ffiim tes

1872 Cornu p. croliferua 23-30 mimttcs

1941 Dreolislor P. oedothllua 20-25 minutes

1936 sateseaaa p. deliense 29-25 mii&ites "between

the fomatlon of Wm
vssliae and the
liberation of the
spores,"

1883 Marshall Ward P. gracile Abcut 23 minutes, but thr
time is not made olepr
in the dsscrilptiaa.



2nvestJ.gat.or Speoies Oewamts

1883 Marshall Ward P. proliferum 16 minutes. One sporang-r,
ium took only 13 minutesi
but appears to imve been

abnormal.
1860 U» Baxy p. orolifarua 16 minutes
1931 Sideris Memstosporanirlum
species 13-23 minutes
1932 Sideris PjfUiiiBa species 10-13 minute*
1943 Middleton Various spooies 10-31 faiiaitss, usually

13-20 minutes.

Taking into aooount the fact that seven minutes
elapse before "oleavage lines" arc visible in P. auhapidcrmafaffig.
according to Bison, wie times given by him for'"the iwbsequinT "
stages in differentiation arc not sc dissimilar* from Uioae
given by other observers as at first *{*peara. He exact
comparison cao be made, however, as it is not always olejir
from what stage the time is measured; according to W tler,
four minutes may elapse during actual process of dis"mrge
in P. proliferum. from the first rush of protogdam to the
passage of the last rsmnaats into the vesicle.

The influence of environmental conditions on the

spoiulatloaa of praliferiaa is implied in the statemait
I»huk, {1933)» tnai the time required fcap the eroeeaa is '"about
twenty minutes, sometimes more than two hours." Clearly, Wie

state of vigour of the protoplazza must also be an imrortant
factor.

Some theoria# on Wie cause cf the outflow of the arotci®aaa.

vaiereas Marshall Ward believed the outflowing
protopOLasiis to be "iii**led from behind by Uze preamire of fluid
in tiie Vacuoles" vftiioh "contained sow soluM,@ siatcrial, excreted
by the protoplasm," Butler thwgyxt that the protoplamm is

"attractzed out by the formation of a <Mi«stotaotic mbstanoe in

the subapicular vacuole."



The force of positive aerotaJQr vtzioh liartog
believed to operate in saprolecMia. am posaibly in
Pbytophthora, seems unlikely in lytlilum. in view the
confining effect of Uie vesicle. His alternative theory of
negative pneumotaxy, however, seems more acoeptable, for Ui©O
protoplasm may well be considered to be expelled by a tend”™aey
to esoape from the products of its own motabolism #iloh had

accumulated witlxin the crowded confines of the aporangiim.

Two further possibilities seem worUi cmsideration:
Wie protoplasm may be pished out by the swelling of the wall
of Uie sporangium, or of seme substance derived front the wall;
or the outflow may be a natural result of UJO dooroase in
pressure at the mouth of the sporangium, caused by the expansion

of the vesicle.

An Account of tiie Vesicle
SuuHtaiy
mShe nature of the vesicle has in tiie “tat been
tlie subject of much conjecbire, boWi as to tlio scat of its
origin, evtd as to tte substance of which it is comi>oscd.
Evidence in sux”ort cf the modem view that it is formed frm
the mucilaginous papilla has been given b}’the results at

miorochmioal tests.

It appears that the various reports <m the mode

of escape of the zoospores may be accounted for by différer»
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in Wie extensibility of ttie veslca: in different sj*oies, or
even in the same speoissj for whether tlie spores escape
simultaneously or auocessively probably Uoponds on its strengWi
and olastiolty. Probably, the same ctiaraoteristies determine

its durability.

In moat speeiea, the ejeoted protoplasm does
not occuisr the entire voloiae of the vesicle. . adhaerene
appears to be un exception (Sjjurria», 1931b). '"Bie distamce
botvKcan Ui« protoplasm and tlie membrane® of the veald a, and
the increase in size of Mie *ole organ, have been considered
by Edson and Saksana to give evidence of Wae fUnotoi of the

Wall as a semipeaaeahle membrane.

Butler has described Uie function of the vesicle
as that of keeping a ciiemotactic substance in close procimity
to the mouth of the sporangium. Its value as a proteotivs
covering during the maturatich of tize aoospores is evident;
and it also permits that this process may be carried out in
a medium in which the metabolic products of the protoplasm "

are less concentrated than they had been in the sporangium,

before its'form ation.

cr L. A
m - mr -5, Tnpe(]:: ?OcmlA"’MP on the %gm icl@ .

In 1858, primsheim called Wie vesicle “a delicate
membran”,” and stated as follows his uncertainty, an to its
origin from the innermost lamella of the sporangitra or as a
new formation on the perijhory of the extruded protoplasm ;-



"Von dieser blexto es itiir jedooh ungewias, ob sie von der
undurdirlssenen innersten Lamelle der Spurangium-Mambraii
herrtthst, weldlie vraohsena dber die Oeffnung des sporangium hiiuakK
sich ausgedehnt hat, Oder oh sie in Folg© eJner Msubilaung im
Augenbli<M( des Horvortretens der protoplasiaaiaasse an deren
Umfange entstand."

In 1872, Gorm first used the naa© “vesicle,"
and stated hie belief that it is derived from the apex of
the sporangium. He described its foraiatiwi as followg:-
"Dana le genre Pythium, (p. mcaioaperaaimi) le plasma @'e%«m@he
an dehors «1 refoulant devant lui 1*extrémité du sporan” et
la couche situeé au-dessous, qui se gonflent sous son influeneo
oosnie une tailla de savon et 1”entourent d'une meafcraae mince
que j'apiielle la vésicule.**

In 1060, de Baiy described the origin of the
ménibranii of the vooiole fras the '"gelatinously Wiis&ened
wall" (1887). He considered the colourless sli;* substance
of Wio swollen apex of the sporangluiB to coiisist of jelly-like
m aterial closely related to cellulose, secretd by the proto-
plasm which at first occupies the papilla:- "Sie besteht,
ihrer Aehnlichkeit ait aweifellosen Gallertablageru% %en und
ihrm spiteren verbalten zufolge, Bus einer der Cellulose nahs
veiv/andten O allerte." "Me (Wlertmasse in der Endpapille
1st sonach, gleich der Verdiokungsmasse der seitenwand,
deutlich als eln secretlonsproduot des scharf waschrisben
bleibenden, s1” aus der Endpapille zuruok ziehenden priaordial-
sdhlaudies su erkermen."

In 1874, Hesse "ve a similar account to that
of de Baxy, also believing the '"gelatinous" substance to be
a product of secretion.

M arshall Ward (1883) considered that the membrane
is probably cellulose, and contains mucilage. He used the
terms "mucous globe" end "gelatinous vesicle" in describing
P. gracile, and "jelly-like envelope" in ft. prolifcnao. He
described how td4ie "softened apex of the beak became rapidly
distended into a vesicle," in p. p r o 1 i f and wrote of
the "distension of the pale {oelluldset) apex into a larger
and laiger vesicle." He iBentioned also tte '"lyaline dome"
of P. gracile, which he dwcribed as a "cap of diffluent
cellulose " whioh "oomnienced to swell up gradually."

9

Butler, in 1907, expressed his opinion that the
membrane probably om sists of modified cellulose, and is
"foxsBod from the wall of the si>® of the beak, altered probably
by the action of a cellulose-softening ferment." It seemed to
him that'"the bright appearance "of the apex" Closely reseahles
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that of a oeilwaXl at Uie point wher® & fungus is boring
through it." '

Kje views on tit® nature of ttio vesiexe that
Sdsoti (1913) twxi Siiiorla (1V>j) appear to iiave held differ
oonaioerably from those of other writers. Edswi has not used

the torn "veeiole" at all. It seems th# he thought that the
Kieiabruno is, or arises from, a lining of t&ie sporangium whioh
"isiay be seen auvanoing alc»% tifa p r e s p o r " (now called
sporangiios) “oavity, drawir® out with it the last portions of
the contents." A fter egress, “tMs booy...... remaino at the
mouth of tlie presporantAum wall durli% Cleavage, although it
does not appeal' to be attached to it any visible means."

In a general aooount of the process In pyttiium. sioerls has
stated his belief that the wall of Uie vesicle' constitutes

a part of the so-called protoplasmic mmbranoe of the pro-
sporangium, “ and that it is identical with this mCG”"rane.

“It emerges almost simuitawsoualy with the flowipg protoplasmic
contents of the sporangium.

Experimental evidence of tee peotle mOWx*. tte vesiclo. .

The results of tests ewrlod <xatin an attaapt
to ueterdLne the nature of the vesicle h&ro been given by
Sparrow (1931b) as follows;-

"In mioreohemieal tests dcsipied by various
investigators to indicate the prcsenca df cellulose, hKsl-
oellulose, oallose, protein, and peotio materials, positive
results wore obtained only with those wiiieh have been ec”*asisM
as speoifio for tJio last-named substance. The dmm is also
stained sliglitly by mu”“mematin, a rauoll*o stain. It «as
noticed that whoa the dome was stained, the dye coloured even
more deeply WIHO protopLaaa zhamediately b”*ov/ tills struotire.
Tills suggests that the content- in trdis rS(#.m of the sporangia»
is modiflad for the prbduotiw of t2ie vesicular material."

Observations on the ttosloal nature of the ijW3.cl©il.

fKa "ai»oe''~Yetyee»~fee~protopi:*** la“rene;
Butler has observed that in P. rostratum, 1A the early stages
of disoharpw, the vesicle is "blown up"*faster tern the proto-
plasm flows in, so that Uiore is a “considerable space between
the wall of the vesicle md the contained protoplasm.*“ Later,
the flow of vilte protoplasm inoroases in rate, and the "space"
diminishes. Both Comu sad Hesse have commented on the
distance between the protoplasm and the surrounding n“branc.

P. adhaercDS seaas to be exceptional, as Sparrow (1931b) has

W itten: “#ie ejected protopiaan appears as a smoothly granular,
homogeneous mass which completely fills the vesicle."
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Edson has intejrpreteci fcha Iner®ose in the
disbanoa between the protoplasm and the membrane m evidence
of the semipeimeable nature of ttie vesicles- *Ixsniig the
progress cf cleavage, the wall seems to function as a sasl-
penaeahle meosbrane, since ttie distanoe between it and ttse
cytoplasm increases stmewiiat and Wie sise of the entire body
increases by a few «dorons." Describing ?, oMlensc. Safcsena
has written:- "During the internal claavage'i tSis~SB"raiie
of the vesicle seems to function as a scjaipermeablc mmcbranc;
the organ, in effect, does not stop enlarging.”

StrengUi and durability. iiie strength anti elasticity of the
vesicle evTu”hdjT aetéiisixie the mode'of eso£” of the soospoi”s.
In P. aolianidwrmatum, according to Bdson, tlis vesitde usually
seems “to''Hirst and thori contract so as to allw U*" zoospores
to escape almost simultaneously' in all directions.** In

P. afertile, it is eviaently relatively tough» for it is
sometimes atrctcWd by the impact of tW zoospores upon it ,
according to Kanouse and Bumplirby, who liave obacived also
"dumb-bell shape or “ichea ai“iearanoc Wiat Uie sports have

when leaving the vesicle. The spores usually leave by one
exit, but frequently their behaviour indicates two or more
openings. At other times a few spores leave an opening

anu the remainder swim way in any direction, diowing that
vesicle has already disappeared."”

Bdson found timt in P. aphaaidaraatuai it is
usually it%)Ossible to discover anyTraoe of th@'m&)rane
afterwards. Marshall ward, however, reported for P. proliferum
that a "distinct remmnt of the lower thixd of toe vesicle
remained attached to the apex of the widely open beak. The
upper imrts ai“cared to become completely dissolved in toe
water.'* Aocoraing to dreohsler (1"41), porti<ais of toe vesidle
of p. marsipium can be seen for an hour or too after toe eses#e
of IKe aporesV"' but this is to be ooimldered as "more than
ordiruiry durability." '"fI*« followir% ncsr-eommittol statement
about P. adhaerena has been «®de by Sparrow (1931b}"The
vesicle is ultimately disaclved into the surreuixllng medium.*

%e gate of the Smptied sp@:W%(iim
A fter the discharge of the sporse”i», a new
8}jorangioidiore may, in some speedss with sjheroid sporan#a,
grow through the septum and form a new spoPM”"ivBB within or

beyond toe old one. This has bem called "uniaxial



replleation" by Dreohsler (1941 j but Is usually referred to

as "internal proliférat!on" or merely "proliferation." Sight
proliferous spooies are described in Middleton's mwograph.

In these species, as well as in others, a new sporaagiophors
may arise outside the empty sporangium, ioniediately belm; the
septuia. This may be referred to simply as "sympodial" or
"subaporangial branding."

After the iiis<Emigie of a si’orangium of P.prolifaM m
observed by Marshall Ward, a few minute gramles wore left
in the c&vlty, and a slight residue on the inner walls, "no
doubt representing in part excreted material." "%e walls
of the emptied sporan®ua oollapaed a very little, and a large
number of minute bacteria could beobserved at*a#i@wd to toe
outer surface in all eases." The presence of a mmber
bacteria around toe sporangium, at the time of toe discharge
of the vacuole, has also been observed by Butler.

Both Marshall Ward and Butler noticed that
immediately Bkfter dlstoarga the septom can be seen bulging
up into the sporanglim. aitlar described it as foHowss-
"After discharge the septAXB is seen to project into toe spom*%-
luffl in dome-like fashion. Ithas aegulrM a hi“ily refractive
(dear appearance, such as be noted toes a hy#ml end is
en”iged in boring torou” a cellulose wall. It may probably
be interpreted as indicating toe actlm of a cellulose dissolving
femoent. Beneath toe bri®t band of toe septiss is a clear
space without granules, probably of hyaloplasm. AS toe hypha
grows on, it does not appear to bore right torou”” toe aeptim
but rather to soften toe latter so that it is carried on by
the growing apex and gradually merges in toe new sporangium
wall." Sight proliferous aquatic species were described
by Middleton (1943)

Butler has written also that oftm in proliferous
species, '"toe power of renewii® gruto across an ee”tied
sporangium is lost. This espeaLally occurs in «ilture, where
a form distinctly proliferous wh” first obtalasd may be
renewed for several generations witoout any of toe spora?”is
appearing proliferous. in this ease tW innovation invariably
arises from Just beneath tl* sporangium and grows out more or
less latterally." TIALS branching takes toe $daoe of prolifer-
ation, and, according to Butler, *is specially to be expected
where growth is vilgo”raus, but the eondititms are not such as



favour zoospore formation." "sVan when a sporar”lum has
ilisciiaiged, the renewal of growth amy be subaporai®al, owing
probably to some condition 'toloh causes the apex to lose its
power of prniotrating the septum."
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Features of the Mature Zoospore

The usual description of the zoospore as
renil'oBD or ladney-alisq»!, or beam-shaped, with two flagella
(sometimes called cilia) eaeigiiig from the '"hiltati," seems
to have been accepted without criticism by all writers on
the subject. The limitations of auto a desoripticai arc
discussed here in oonneoticaa with the zoospores of

P. undulatum.

The nature ctf the zoospore as a "soft" body
of whicli the shape is subject, to a ctxjsiderable extent, to
environmental forces, was appreciated by Marshall lard when he
described the zoospore of P. gracile as a "reniform amoeboid

body."

Within the zoospore a single conspicuous
contractile vacuole is always present; iibhnk (1932) has
observed that the time between contraction and expansion of
the contractile vacuole of P. epigynma increases as the zoospore

matures. Refractive granules, also, arc usually present.

% V:Vf; '

According to Middleton, two to a hundred sxai
twenty five or more zoospores may be released into a single
vesicle. The range in size, measured at encystm”t, is 4 - 18

but toe zoospores of most species are B ~ 12/* in diameter.
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duration of m otility, in a sir”le swiaitiing
period, is determined largely by environmental conditions.
%e usual comment toito has been made by dreohslei', in
describing a large number of species, is that the zoospores
swim “for some time."
Examples of the times which have been recorded

by Various other investigators, for different species, are
listed bclovij-

Investigator Species Coaaent
1883 Marshall Ward P. gracile 25 miiMJtes
1932 W&bnk P. epigynum 10-25 minutes'
1931 Sideris Hetaatoaporangium 2-30 minutes or Imger,
species depending on température
1932 lythiiBD species 5-60 minutes or Imager,

"depending on environ-
mental coM lticm s

1931& Sparrow P. diotyosporua depfflifjds m '"toe
emdltima of the
surrounding medium."

1931b P. adhaerena 5 hours, at 21°G. .-ci

A summary.

A fter ccmii% to rest, the zoospore assumes
a spherical sliape, loses its flagella and contractile vacuole,
and encysts. Its subseqpimt behaviour is determined largely
by the coiiKiitions of the enviroisBont, chiofly toose of food

and water.



"Rie various types of behaviour exhibited,

by zoospores of gytMum laay be sumiarlsed as follw s:
Gaminabion by a germ ImJha. (a) % e zoospore enlarges and

a central vacuole apiwars; the refractive granules disappear
as they are used up, and toe vacuole increases in size, as a
germ hypha is ixit out, from wliich the oycelium soon develops.
This is toe usual, ultimate behaviour of a zoos|>ore, under
conditions favourable for growth. Other types of behavimir

help to tide over unfavourable owditions.

(bj A germ hypha is £Ut out as
before, but Instead of developing into an extm slve i*csliuay»,
a miniature sporangium Is formed precociously at the apex of
a long or short hypha, and usually a single zoospore whioh

matures witoln a vesicle, is liberated.

Hepeated etnapgance of awfahelogioally similar aoospares.

The encysted zoospore itself behaves as a sporaz”isa. It
enlarges, and develops a large central vacuole toich, according
to Butler, is comparable with toat of the ordinary full-sized
sporangium prior to its disoharge. An exit tube is developed,
with an apical papilla, and toe protoplasm is distoaa“ed into

a vesicle, from which a single zoospore escapes.

This process may be repeated many times, Wt
a resting period is necessary betwem successive emrgmces,
several names, of vttiloh "repeated emergaace'" seems toe best,'"

have been applied to it; these are discussed under a separate

heading.
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Details

Gex”ninatiyi, The germination of the zoospores of

aT tianiderm has been described by Edson as follows;- they
come to rest, round up, increase in size while developing a
large central vacuole, and send out a germ tube, generally
two."  Marshall Ward had described the process in P. gracile :-
the zoospores lose their flagella and vacuole on coming to
rest, and develop an '"envelope and several large refractive
granules;" the granules are used up in the elongating
ferrainal tube, and a vacuole forms in the spore, becoming
arger and larger. Middleton has made the follcrv/ing statement
about the genus as a whole:- '"Af*ter an active stage in which
the zoospores move rapidly about in water, they encyst and
assume a spherical form varying from 4 to 18/*, mostly 8 to /2"
in diameter. Zoospores ordinarily germinc” by the
formation of a germ tube."

The production of a miniature sporangium by
zoospores of P. dictyoeporum, described by Itaciborski, was
regarded by Butler ai ™an intermediate condition, in which
the germ filament from the zoospore, in cases where it failed
to reach a filament of the host, formed a sporangium at the
tip, which opened to emit "one zoos(piore only." A miniature
sporangium is occasionally produced in P. anandrtjmi,

. olipaPdrym ‘;) vexans, and P. undulatim, aocordIln” to
i))rechsler (I94’6 1 sometimes a l&ypia of considerable length
is formed before the ti%- swells Iinto a sporangium, and a number
of septa may be formed behind the protoplasm as it advances;
the sporangium discharges in the usual way, with a vesicle.

Repeated emergence® Comu (1872) was the first to observe
that the zoospores do not always germinate to form a mycelium.
He wrote; '"Les zoospores dans tous ces genres garment en
donnant lieu a un filment . .., ou bien elles emettent des
zoospores semblables a elles-memes (Ex. Bytliium proliferum

et ses var.) Los “eux modes de germination peuvent se
présenter dans la raeme esp'ece."

The bd&vlour of zoospores of P. diacypum under
certain conditions has been described by Butler, as follows;--
A zoospore "after coming to rest, loses its cilia and becomes
surrounded by a wall. After a short period a vacuole apf)ears,
and at the same time a short tube is put out from the wall of
the spore. This n%z be rather more than the diameter of tiie
spore in length. e changes in the vacuole and tube appear
to correspond to those which occur in the ripe sporangium.....
"The apex of the tube opens, and the contents flow out and lie
at the mouth of the tube. Y/hether they are retained hero by
a vesicle similar to that of the sporangium was not determined,"
but evidently the movements of the spore suggested that it
was confined by a vesicle. The account continues;- '"ihe

"
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extruded pLt"sma, gradually aoqulrea the usual kidney shape,
beacmes free frau the end of toe tube, develops cilia, and
swims away."

Similar behaviour of tiie zoospores of P.Butleri
has been described by Drechsler (1930/: '"The aoaewhat'"'"large
primary zoospore ..... produces an evacuatiem tube ......
the protoplasmic contents in toe meontisie displaying a vacuole
of increasing size. Finally the réfringent tip of toe
evacuation tube yields and toe contents flow out to collect
at the orifice, the stroaainti requiring usually from thirty
to forty-five seconds. %e disohari” protoid.ast socai
bogtos to exhibit writhing movosenta, wMcit, as the cilia
make their appearance and a grooved renlform shape is assumed,
become inoresisingiy energetic toougi restricted icLthin a
confined space. Usually about twenty miruites after the
cessation of streaming the now violently active zoosiJore
dashes away as a freesisiiBidng body. The restriction in
amplitude of movement of the secondary s%)oro previous to its
ultimate liberation is interpreted as evidence of a confining
vesicle."

Furtoer, H&hok (1933) reported it in
p. ardisynuait "In two oases observed, a zoospore formed an exit
tube ty means of thinning of toe extension of toe consistent
membrane. The one was 4/*, tW other me 12/" in le " to.
The plasma followed the Rowing tip at a toort distanee.
In correspcmdenoe to the growto a vacuole appeared within
the spore “dasma whito subdivided into two wilten the plasiaa,
breaking the thinned membrane at the tip of toe tube, slowly
escaped, forming a sphere at toe outside. l'i'& Uel wito
this process toe refractive graamles decreased in number
and probably also in size. The flowing out took nineteen
and sixteen minutes, respectively, the pause at toe orifice
seventeen and thirty-two minutes, respcctiviKly. During this
time the vacuole was reduced, the spore be<“uie el@ % ated,
and toe movooont of toe oilia caused the departure as a
blciilate zoospore.:

Hbhnk has observed that axito behaviour results
when fresh water is added after a zoospore has settled;
Dretosler wrote in 1930, '"toe conditions favouring the
production by encysted zoospores of a seoom swis&ng stage
witoout tIK> interposition of a vegetative phase apparently

are toe same as those that favour zoospore production generally.*

It is stated in Middleton's monograiAi Uiot six swimming stages
may occur successively . A resting period, however, is
neoessauy between two such periods of activity; in P. epleynum.
according to Hotaak» tdjie lasts five hwars.

T o Qo 0 G ¢ ——
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The Use of the Term* 'R«

Adlsoussion.

uoti controversy hiis token place over tlie
terminology to be used vihen zoospores indulge in nore toan
one motile period.  In an account entitled;- "polyplanetism
and zoospore germination in Saprolegniaceas and 1ythrum,"
Hbiank (1933) has attempted to dear, up the confusion. The
salient points in this account are listed and discussed below;-
The distinction of "anore eertonation®* from "danetlsm",
Statements: "Spore germination is well distinguished from
planetism.” "Ris production of a miniature sporaagiies at the
end of a germ hypha is a phenomenon of the former, not of

the latter.

ti,-

Coanjents;  This seens a natural view, especiallyasA Scase
growth and multiplication nay take place durii™ theoccurrence-
of this enomenan, thou™ these are but smnty, oslng to
environmental factors; toe resulting epomogxmproduced C
precociously on what nay be regarded as an undevelo™d g”yoeli}ﬂl%],
1S necessarily

The meaning of the term "dWaWdLem" V.
Statements:  Diplanetism (dis =twice, pilanos * swaring)
"nears toat only two novenrents are pressant regardless, of toe
foom and toape of the zoospores."

Comments: 'This return by Honk to the derivation of the word
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701,

Is open to sever© critlcistn.  Obviously, rai'erenoe mist be
Bak to tiie author of the word, and consideration given to the
spécial erroufiistanoas for wlilto 1t was coined.  AS Leitgeb
first used “diplanetism" to describe two successive swiyBlng
stages of worphologioally different zoospores, ttiis meaning
nust be retained; and as the zoospores of both lIythiua and
1'hytcihthora are always of the "secondary" type, i1t is clear
that they do not exhibit diplanetism at all.

1119 oaaparisona drawn in this pe’ar, by
Hohnk, and in 1907 by Butler, between the processes of
sporulation in pythiisa and Saproleenld. show as (Viite untenable
Atkinson's view that the "real dlidanetlam in lythiura 1s
manifest in the escape of the "spore origins" from the pro-
sporangium (first sts™e) and their subsequent final different-
iation and swarming outside (sewndary stage.)*  Such an
interpretation 1s of historical interest only.
"BWortoiW and "Polyolanetieaa."

Statctaents: In ,oer™tam manvas of the Saprolegniaoeae, i

diplanetism 1s .acooBxpanied by "dimorpMeea."  AS the zoospores
are able to swam nore than once, diplaiietlsa 1s "<ay a liaitad
case" of "pblyplanetisa."

Comentst - Aooording to beit”b's use,of the tenm' diplanetism” .

1t Implies "diaoscrhism," and the latter termis therefore -
superfluous. It nay usefully be retained, howevae, to-assist

in Oroidating thh terramnology.
w.  need for the tern doH8 m%
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arise, aa no instance has yet been described in which more

than two morphologically different stages have been distinguishedi
Amoeboid movements can hardly be regarded as planet!o.

The influence of environment.

Statements: '"Spores react to envircmmental oondlticms by

means of germination, swanning, encystment, or amoeboid
movement. The main factors for the appearance of any one

of them are the amounts of available food and water. QOenainatitm
depends more upon food than water. It always takes place when
sufficient food is present and at least a minimum amount of
water. nesting and swarming appear within a relatively larg”
amount of water «blob dilutee the food too mioh to attract

the zoospores end stimulate growth. Amoeboid movaa@ot, however,

seems to be related to unsatisfactory water conditions."

Cornommt* These obsei vations ax'e in aceotdanoe with those of
other investi“tors in the genus pythlom, arei are supported
by the reports of couto and Salvin, on the beh&viwir of zoospores

of the Saprolegniaoeae.- 7

In ooholusicnt-the liberation by an encysted.:
zoospore of a;secondary spore like the first is of oczamon
occurrence In”*both lythiaoeae and Saprolegniaoeae. It is
distinct from IThe dlplanetim that also occurs in the Saprolegni-

aoeae, and is best regarded as "repeated émargées."
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A)historical aoeocaity of toe use of the term *ditd.aaetl«B>*

tthen Comu reportod in 1772 the liberation Isj
zoospores of seoicmdary sporos like toemselves, he did not
supply a nsiue for the phrniomenw, and Butler believed hlQiself
to bo tho first to report "diplanetism'" in i-ythium,in describing
it in P. diacejpauM in 19&7»

Atkinson, however, in 179» stated his belief
that this phenomenon observed by Butler ”cannot properly be
brougtit into line witii di danetima as it exists in S*aprole*aia,"
and ttiat it is simply the productim of '"seccsodaiy spores.

the oocurrenoe in a aaorolem&a-like fux”s
of two swiamii*i stages was observed in lobqloy Leitgsb» who
desorlbed toe soosporos as follows:- "dehanssporen vor der
HduUtrig mit 3 Vaouolon und oval; n&oh der h&utong mit eioer
Vaouols und boimenfbrmlg." He aeoordiii®y nas“e the fungus
diplanes si“role”iioides. It emerge*!, kmever, toat such
behaviour is usual, not only m m g species of Baprudeaila.
but also in other gmern of tl"e saprolegniaoeae. As
Saiardleigaia and Holaoes are synoi“ous, therefore, toe latter
nsmo has Been abanaonitay toils toe terms '"diplanetlo" and
"diplsnetisot" liavec bean retained to describe toe soos”xsres and
toe peculiar behaviour toito they exhibit.

Lsohmsre, in 1910, defined his use of the
term "diplanetiam'' in Saprolsffaccs® as follows;- "ftils term
is applied to describe toe oeouirrenoe of two motile stages in
certain spedos and genera. %e two forms of zoospore are
different.** "% e sccSKid form of aoospore reseabias tout
which is characteristic of the fcroQospsrcas."

iestcn, in 1919» showed that sltocigh Sietyud”tus
is not truly diplanetio, the "first" swiltmlng ste®e being
suppressed, several motile periods may be undergeiie in the
"second* stage. He called this behaviour '"repeated emergence,**
regarding it as comparable with the ihonomenon shoto by PyWdtm.
and stated his belief toat it is possibly of general ooourrence
toroutoout the oi“rolegniaoeae, and is "bmu#it about by
certain favourable oonuiticas." He caao to toe oauclusic#
Umt toe applicatlw of toe terns "esHooplanetic*' and "diplan”io"
then customary adgiit be misleadh%, and necessitate "a modi-
fication of our conception of toe ecndition of oimcplanetism and
diplanetias in the 1l-aproleirniaceait.'® Hepeated vergence in
the Saprolegniaoeae has also been oemonstrated by Hblmk (1933)»
and by Sdlvin (1940;.

f orechsler, however, mtumed in 19>u to toe
term "diplanetism'" as Butler had applied it. A Wd”* is
included in his discussion m '"the repetdtional oiiilsnetisai
in the gfmxs piytophthora," in tolch a variety of terms is used
freely and ap:;*Brmtly without discrimInutiw, for the same
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liiiinotiKinon. These terns are listed belowj-

diplanetism,

diplanetio development,

repetitional development,
repetitional diplanetism,
repetitional diplanetio development.

The liberation of a zoospore from a "miniature sporangium"
produced at the apex of a '"germ sporangiotoore" is referi*ed

to both as "indirect diplanetism" and as "Imiroot repetitional
development."

The following conclusion is stated;- "Uiplanetisaa was observed
in Various species of lyttilum with filaments and with lobsulate
sporangia,as, for example, p. butleri, the encysted structure
discharing its undifferontiatad oonients through a slender
evacuation tube into a small vesicle vhere thw are fashioned
into a single motile spore. in pythlum. as in Hytopfathora,
therefore, repetitional development follows tfce course generally
tooraoteristic of zoospore formation in the genus."

Since 193<), the application cf the tens
"diplanetism" in rythiaooae haa been subjected to muoh criticism,
and Drechsler did not use it in 1941, when he gave a new species
the name of p. nalitigtans. In this species, "an iterated
swarming stage'"' was so evident ttiat freea the "repeated emergence
and renewed anlmatim so freely displayed by its zoospores,toe
fungus was given a spedfio name defined in the familiar pivmss
"bom again”." A7iin, in 1971b, Dretosler used caaiy the
term “repetitional developnj«nt."

In 1931» Matthews expressed her view in the vsK
statement, "since the spores in both swimming stages in I"thltm
are alike, we prefer to follow Atkinscm in oaxsidsring this
type only axs a repeated % *rgenoe rather tlian true diplanetio,
which is found in some of the Saprolegniaoeae.

% e followii® statesaent was made lay M ddletun
in 1943:- '"zoospores are monoplanetic and oruu.narily geminate
by the formation of a germ tube. Hepeated (ssergenoe has been
observed rarely in species possessing large zoospores *rtoe
spores sending out on evacuation tubes frosx 2 to 3/"* wide and|
from 5 to 30>-long, capped by a vesicle in toito usually a
single, thou”a rarely, from two to six zoospores are formed*'
A single zouspdre of some species may undergo as many as six-F
repeated emergence ....... This process has bemx erroneously ;
referred to as diplanetism. Since only one type of swartsspofe
is produced a true diplanetio conditican does not exist; rather,
typical spore gemination merely retours; this ghenomenma is
termed repetitional emergence or secondaiy spore formatim."
This statement clearly excesses Middleton's deoisicm against Uie
use of the term "diplanetism" in the gérais lythlum. but also

9
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shows some Inconsistency: Uius, while it is stated toat
zoospores "ordinarily germinate by toe formation of a germ
tube," repeated emergence is also referred to as a reourrence
of "typical spore germination."
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AiTmpix I

A OF TKS TASSNUMI OF TIE GENUS FXmUit

Tho genus lytiduta was created In 18$8 ty
Ji-IngsheiM, who described it as follows:

"Stowanasporen ausson vor der oaffnung der Sporanglen aus
deren Inhult geblldet, slto ni.cht h&utend. Scbl?oiuB die
ontlierten Dpbrafiglen wader dui*cti weohsond noob seitliche
Sporangien ti'eibend. Oosporsn einzaln in jedem Oogonium."

P. fflonospenatga and P. eotoptgtua vjere the
first described species. y. entoptiPKm was traosferred to
Ltyjfonidiuia entoptiytua by ZopF iii 18% ', 'smd P. monosperaum
than became the ti'pe' species.

In a disoussion of fringsbaim's assigmient
of the generic name Rrtttluea to 'the group of organisms under
consideration," althouto Sideris wrote in 1932 toat "it was
doubtless on accoimt of ttie morgboltgy of either tiieir emptied
prosporangium or the typo of injury 6ausad~SoTEe roots of
plant seadlinM," ha stressed the former alteaaaative. Thus,
he explained that Uxa “emptied prosporangia of Aytkiaiaa resemble
in sliape a.jug, the equivalent Greek word of Miicb is pithoa
and tlic diiainutive pitMon. The type of root injury caused to
plant seedlings by various members of the genus *tfaiisa is
a rot, the equivalent Greek word of whito is m'Wloes. Troa the
verb to cause rot." Sideris then proceeded to too illc*ioal
conclusion, "only those meabars of pytMaceous organisms
possessing a pithiod proapomngiiss should be assimed the
generic note ly toiurn." in spite of the fact that the species
on vtoito the genus was founded, does not produce a "pithiod
prosporangium," (sic) but a filamentous me. Am:ording to 335
Middleton (1943), "P. mcacosperaua is usually reported as a
saprophyte fraa either insect cadavers or plant debfls," and
Fringsheim him self had described it as growing on decayed
mealworms. It seems most probable, therefore; that Prix“sheim
had in mind the word pytho, and assigned the name lythima to
the organisms that he uascrlbed, on aoootmt of their association

with decay-e

There tmve been many attb®spts at the olassi-
floaticn of tlie geiws, as toe following list of events shows;-



1858

1881

1888

1892

WL (F

PAIKtSHEIM founded too genus on a speoies wito
filamentous sporangia, p. monosnermum.
and placed it in the family saprolegniaoeae. '

OS BARY pointed out the ralatlcmsliips of gythium
to Fhytopftthora. and placed it In the family,
Poronosporaoeae.

Berlese and de fonl retuimed to Pringsheim's ol& ssifioaticm'
placing lytlilum in Saprolegptiaoeae.

FISCHiiR referred pytol”® to the Percaaosporaceae,
and oreatW '"three sdbgeneras-

( ANea”pii-ws ~ filamentous sporangitmi not

pytMum ( delimited hy a septtm.

{ hekoatosporangium - fllammtous sporangium

(Peronosporaceae) ( delimited I®' a septtsa.

1897

S#3aerosporanglum - spherical or l@mm-to#@d
sporanglim.

Fischer further divided too sU%enu8
Sphaerosporani®umj-

OrthosporangltsB - sporangia» attached to the
sporanglophoi'e during zoospore ,
form atlai. _

Metasporangium - sporangium attached or deoldabds,
releasii® zoospores or germinating
directly. A

3CHROTSR adapted Fischer's dasslflcation» ereatii”-
a new famdly, lythlaceae, whito with
Leptoraétaceae, Saprolegniaoeae and
Peronosporaceae, constituted toe group
Saprolcgniales*® Fischer's subgenus aSi;
Maiatosporanglum was raised to gemneric ra”,
and made to include all species with
filamentous sporangia. Fischer's su%d%is
Aphragaium was retained, as a subgenus of
Kematosporangiwi, distlE *ulsliod from the 4 I
subgenus Eu-nmoatosporaz®um, by its not""5
delimiting toe sporw”iwi by a septum*
Thus only species with spharlosi or
liffioniform sporangia remained in the gm&is

-’ jythium. Since toe genus was founded «ora |,

species with filamentous sporangia, Storotei'i,
dasslflcation is unsound. It may be ,m?»
represent®! as follows;- A

i Hematosooafsngtum - sporangiaa filamtmtous ("memato-.
(R — tsporangha.

%  rthlaceac( ~ (AiAragaitm

gythjua - sporangium sto®”*i®4]1 or llmonlform



1899  Gobi

1907 BUmiH

gyUxloB

3/S

proposed a dasslflcation of “ythiim based
on the presence or abseaice of septa cutting
off the reproductive parts.

criticised Gobi's proposed olassll'ioatim,
on the grounds that he did not believe that
any speoies with filamentous sporangiimi form-
ed a sapWn delimiting the sporangium,
althotiigh he recognised the '"vegetative
forraati<ai of septa." He believed it to

be “at least probable toat A'li*shelm was
misled by a purely vegetative occurrcaioe."
While returning to Fischer's classification,
Butler preferred to drop the subgenus
Nsmatosporangiusj alt% @th@r, and to retain
the submenus Ai*ura”pium for speoies with
fllainentous sporangia: -

Aphragpitra - sporan%ium filamentous, not mt
y a

off septum.

3pha@rosporangi(m - spora“ium spherical, oval,

1915 Sdsem

etc., out off a septum.

created the new genus jdieos for a
fungus toat he called 1. Ideriiatufi,

as could find no suits e genus xn

vcaa {linden's "Saprolegniineae " von Minden
accepted De Bary's elasslfioatloc of Prthlua
in Peronosporaceae, ami therefox*© did not’
include it In Saprole®laoeae.

1923 Fitzpatrick favoured the separation of lythly:, with

1930 Drootisler,

1930-2 Sideris

si*erioal sporangium, from KematosporangiuB,
wlto filamoctCue spsrangium. He suggested
toe merging of the genua lytMim. as he
conceived it, and the genus 1% tonhthora
into (me emus toioh with pyfJiicgetto ai*d
Brthi& oystis should mde up toe family
pythia*ae.

rooognlsing types of sporangia for whlto
Sohrfiter's M assification made no peovision,
considered it best "to retain toe genus
Pythium in Its more Inclusive sense, as
employed in the writir*gs c£ Da Bary and
Butler."

attempted a revival of schr&ter's classifica-
tion, toile including toytototoora in toe
family iyttoiaoeae, with hendtospciranglum
and pythlua. He saw no need to subdivide
the genus KematosporangliBn.
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1931-2 Sparrow stated his oonvlotlon toat some specd.es,
as for example P. mcnospermum, possess
truly filamentous sprrsagla not assooiated
with any lobulate swellii®s, and pointed
out that there is '"no taxonomio Justifi-
eatito for Hematosporaagit.*»" AS 'some
noma must be'" given to toe lobulate and
sphaerospcrsngial forms other than
Mematosiwraneiim and lythimu" he
tentatively suggested the retonticaj of
Rdson's genus PheosporangiuBa for the former,
and toe merging' of toe latter with
Phytotothora to fom » groip whito might
be called" 'either Bivtetothora or Stoairo-
sooranoiura.

1931 MATTHEWS preferred "to follow Butler in retadnii®
the gems Brthium in the older sense*"
toe saw no "sh”p distinction between
Sideris* groups N"aatosporag”um and
Rytoium. Her oooznt on Sparrow's
proposition of union of BrtMma (as he
convolved it) wito Phytoto*K”*a was, "we
do not think that this last assemblage
would help matters."

1943 MIDDLiTC», in his taxonoBlo study, followed '"the
generic t" ets of Butler and Matthews"
and retained toe genus "in toe older and
broker sense." Wito r*ard to toe
separatlcm of *toiua and Phytophtoora.
he made toe followii®' ststemehtT-
genus Phytophtoora. toou” related to
lythiUBF in le broader sense, ocHsprises a
group of ape(des easily distix”*ishable
from Pythium."
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APItKDIX TI

DieQiiSSIOK OH THfi fGLAIIOK BATfE®i
PYTHIlim AVD FHTgiiPHTKaaA

Olsoussing the Percaiosporaesae, Butler has
written;- genus jythlua la separatsd from all the rest
by liberating its zoospores in an imperfectly differentiated
state into a bladder at the mouth of the sporange, in which
différent!ation is ooapleted," Butler recognised also other
minor distlnguisbii® features, but expressed a belief that
none of these differences is absolute.

Indeed, it is often very difflw It at first to
distinguish between aquatic speoies of Rrthium and TPbytophthora
which are growing saprophytioally, iiitemIngled an the sm é
m aterial. It has been pointed out by Blacfecll, fiatsrhouse,
and Thompson (1941} that species of both genera have bean
desoribad under the invalid name '"lythiomoridia.*

Fitzpatrick (1923) and Sparrow (1931) have
proposed the mai“ng of Rartotditiiora and those speoies of pytMueae :
which possess spheroid spMan”a into <me genus; however, it
seems toat Uicsa Pythium species show enou” distinguishing }
features, in comm'im with those toioh pcsaesa filamentous aporangla,’
to Justify a position separate from Stiytotothora.

Those features are dismissed belm la turn:-

. The differentlmtlcm c¢f the zoosoor<;s witfcia the sporaagiua
(see p. >76 )

The reports of many investigators, on a nuctber
of different species, indicate toat various stages in the
differentiation of the protoplasm are reached before its
emergence from the sporangium into the vesicle. Thus, while
Sparrow (1931b) baa described the ejected protoplasm of
P. adhaerens as a “smoothly granular, homogeneous mass," Biisgen
has writirai of the sporai*um of p. gracile, also filamentoua,
"der Inhalt der Sporangien sohon vor oera Austreten in volkommcn
getrennte Portionem zerfalien war." This is a further stage
in différentiation than Bisgen has described for P. prolifama.
but both be and Hesse have su”eeted that at least" 'a fbre-
shadowing of cleavage occurs within the sporangitaa.

Do Bary (1867) recc”ised toat "tranmsitory
begiceiings of division are scutetasies shown before the



protoplasm streams into tlie vaslole; 'there it breaks up

at once Into a number of s warm-sporosHe has observed
also that in Hiytophtliora 'the swuiiia-ceils are not formed in
the same way as in but inside the original membrane of
the sporangium,....

Althou” Butler tias criticised ttie aooounts
of Hesse and Biisgsn for their strong indications of oleavage,
though apparently transitory, %ithin the sporangium, his
description of the "lumping" of the protoplasm (see p.
and its vw>ole of emergenoe {see p. ,» and iris use of the tens
"final fasiiioning" for tiio development undergime W the zoospores
Mitl-jin the veslt®a, make it dear Uiat lie believed a considerable
degree of orgauiaaoion to be readied by tlye protéJlaa» before
its disoiioi'ge. Moreover, in iylo, lie desoriwd in a fungus
whicl, he was then calling P. oalmivorum a t"pe of sporulaticsi
in uliich "scjgaentaticn into zoospores ouours within the
sporangium, and is complete or nearly oosplete before the
papilla opens." According to Butler, in this fuz®us ti#
protoplasm breaks up into freesulmming zoospores immediately
after streaming out of Uie sporangium, but, "owing to the
pressure of the mass within the sporangium it is not possible
to distinguish the Individual zoospores before escape, Wt it
is evident Uiat they uaist be fully formed before Use rupture
of the papilla, since Uiey sepaz-ate at once after csc*)@, and
also because as soon as pressure is reduced by extjmsion of
part of tI;C sporangia! protoplasm, the ruaaiizder may segment
while still inside and emerge as fully foiuied mature zoospores." %
Such behaviour resembles that whiclt usually occurs in Biytophthors,
and in 1919 Butler rc-naiaed tliis fungus thytobhtiiora paltaivora.

The same fuagus, however, shows otlim' ways of |
sporulating, the metliod at tiis opposite extreme ¢rm the erne
described above being regarded, by Butler as Uie "most character-
istic. thoi”® by no means the most cmmaon." It is the method
wl'iioh caused him to place tho fungus in the gacus rythlum at first,
believing it at tliat time to be "that whi<di is practically
universal in the genus gy”aum and which is the raoly absolute
mark of distinct!of this "aus from Ptiytcphthora." This
"dbaraoteristio" method involves the formaticn'bf'T *thin
gelatinous vesicle into whlcti the protoplasm passes in a uniform

ranulai' mass." It is interesting to note Ui&t it is more
roquent in tlic warmer montlis of the year.

Variation in the beiiaviour of different sporangia
of the some species is a oomion phenomeiu»). it has been observed
several times in P. proliferuffl. Cornu recorded it in 1872 as
follows}- "Chez le P. prollFerum do Bary, la sortie des
zoospores a souvent lieu oumie chez le F. aonospesmzB; duns



d'autres eus, las zoosporas, toutes formées dfms le sporange,

8 'e'oJriapparit direotement au dehors; la durée, depuis la rupture
du sporange jusqu'b la dissémination des zoospores, n'est*ue
d'une 'd deux minutes, tanuis que, dans l'autre cas, elle était
de vingt a trente minutes; la véiicule se montre encore, mais
pendant quelques instant seulement." Marshall Ward's conception
of the usual behaviour of P. pi-oliferum appears to be illustrated
by the statement; '"Even as last granules passed slowly

) tlrie axis of the beak, tins slowly writhing mass of protoplasm
began to divide up into sepax'ate blocks." He has described,
however, one sporangium in whidr "a peculiar stage was passed
Wu'ou”, during wiiioh Ui©O contents partially divided up and
again became granular." 9hen the contents flov/ed out th*
iao-iediately became divi>.led up into "five actively aaooboid
uiiUises." The whole process from the first lush of i“otoplaarn
to the swimising away of the spores ,took only thirteen minutes.
In sporangia of the material observed by Krabnk (1933)» "tW
plasma became differentiated into parts soBimhat larger than

the final spores. Their outlines were angular, but the
separation was not complété, for oamjaotiiug threads ware visible.
The sepai'ating membranes were of Viuying visibility in different
sperangiia." "Tlic fact that in several cases U-ie disj*iarged
plasma witiiin the vesid© Imd an iri'cgidar outline suggested
that Ui® former differentiation into sixjres was still present."
"Howevei', more frequiaitly the dis<”iarged plasma did not seem

to be subdivided."

Variation also occurs in P*¥ aphanideraatum, for
althouf” the protoplasm usually flows out- in an apparently
undifferentiated state, Sson has observed that '"cleavage
may occur within the sporangium" (his oonosptionj "without its
escape from the wall of the pi'eaporangiusi.”

in which the zoospore mass Was iaooopléeWy” iiiviiibd before its
escape from tlic sporangium Wv@ been described by DasWr and
Butler (1910), for Flytoiiithora m rasltiw and Hg'topfetoora

palioivora i*espectiv3iy. %0 the latter, dtangses""iii t"per*atur©
s©aa“th‘~i© to some degree associated with variations in
sporulation. urechsler has observed that in P. marslpl”.

"deficiency in the supply of water may often faiT to 'ISdBit
sporaritjial discharge, even viiile it is ceueing pmmature
disintegrution of vesicles, with Wie result Uiat numerous
discharged protoplasmic masses, deprived of their protective
coverings, undergo degeneration on a relatively %iormous scale."
It seems entirely feasible, therefore, that suoli envlromsntal
factors as aeration, li® t, state of vigour of the protopl&sm,
etc. may also afreet the process, ana that in a tsimber of
instances, desoriptlcns have been given of material #dch was
not performing under optimum ocnditions. That ;%oto$dasm
undergoing (liffcrentiaticm abmUd exhibit such sm sitlvity
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is not surpi'lsing, since ttio influence of envlroexnental
factors at other stages in the life hidory is obvicxis.

It is cleai*, theiefore, that there is considerable
justification for the view expressed by Fitzpatrick in 1923,
and revived by sparrow in 1931-2, ttia- the "attaapt to
determine the exact points in sporangial discharge at which
zoospore formation logins and ends, for use as a basis for
segregation of the species of this general grexip into the
two genera, lythlum and HjytoihtliQra. seems at best an
unsatisfactory procedure.'

"Itxe form ation of a vesicle.

The formation of a vesicle, from the paxllla
of the sporangium, has been regarded as dharaoterlstic of the
genus FyUd.uay. a vesicle has, however, been rei>orted isahy
timesin species of Hytophthora. Rosenbaum has described
the occasional formation of an evanescent veside in
PhytopfaUtora oaetorua, Hytoghthom areoae, mai aytophthora.
parasitica. In'T. pinraaiiicaT %coori:iins to Dastur, two methods
Or ciisdiwirge may be observed; 'in the first, the j>apilla
dissolves early, and the zoospores are dis<”rged at woe,
although "sometimes a little grsawlar fluid flows out before
Uiem;" in the second, "the papilla swells or is blown into a
hemis#)8re by the inrush of the goaspwecs. It dissi“ears
before all the zoospores Imve left the sporangium. Those
that got into it remain stationary, huddled togetWr for a
few seconds, before dashing amy»" Woxmald has describod
the vesicle of p. eaotorua;- The zoospores '"cling together,
surrounded by a vesicle, just outside the mouth of the spoi'ang-
iutn, for about a second before suddenly dispersir”. The
vesicle is derived from the hyaline plug forming the pa#lla;
this is pushed out as a s”ierical transparut body which
rapidly increases in size as the zoospores rush in. Wlisn
its oiameter is about equal to the length of the sporangium
the vesicle suddenly becomes ruptured and disappears frcms view,
tiie enclosed zoospores dispersing immediately.

Having, in 1919» transferred the fur“us omising
bud rot of palms from the g”"nus pyttilum to I“ytoohthora.
despite the '"(haraoterlstio" formation of a vesicle (althou”
this was sometimes extr“aely evanescent and sometimes absent),
Butler, in 1924, stated his view of tM s species as "one of
those forming a connecting link between the genera Rrthlim
mad Hiytoihttiora."

Conversely, the fungus vhich teland #anor ims
r% arded as a new species of Haytophthoarat. and called
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P. undulatum# whitBi "offers the generally flexuous appearance
rSmiliar wnong species of PytMum rather tiian the stiffly
brandling aspect oomcon in species of Phytophthora."

proohsler has also ewided, as another distir*uistiing
feature, the width of tlie sporangial openings, whidi are
usually narrow in fyttiium but often '"generous in flytophthoray»*

A fter investigating the atxucUire of ttie wall
in six species of pythium and nine of BhytoiAtliora, liicsnas
(1942) came to the conclusion that "theic'? STose oonfoKaity
in mycelial stricture emong species of a g«aaus." He found
that in both genera tiie basic skeleton is of chitin; super-
imposed on this is the cellulose, strongly impregnated with
fatty acids which prevent the fixation of dyes. The older
repdoDS of the hyphae of taotlj genera are doubly refractive
to polarised light, owing to the presence of this cellulose
layer, which in pytoiuBi evidently consists of only one kind
of cellulose, while in'lhytcphthora it is a aisku’c of two )
kinds, only one of whidr”Sisie*~$Ee double refraction.
Moreover, althoug”i "at no time can the cellulose be made
brifyitly anisotropic," "a%ytophthoi'a hyi*ae present a dimly
anisotropic appearaajoe aiaiisSiges of growth," mshile the
younger region» of the hyphae of Pyttilum are Isoboplc. This
difference "is due to tba presence of a'"layer of peetio ooatjcainds
on the outside of Uhe youj% art*im hyphae, but not of tAmse
of Kiytotjhthora. In Fythiuaa, the peotdc material is used
up aId (lisapiiears after five to seven i*ars as the hyphae rea?”
maturity, leaving the cellulose the outelde layer."

if further evidence can be provided in support
of Thomas's observations, the struoture of the wall may
prove to be one definite criterion, among a raimbsr of ill-
defined and somewhat flexible ones, in the distinction of
pythium from Phytopbthora. Meanwhile, the position is sugmed
up in "Ehe following statement W Middleton: thereis
no one infallible feature for generic sagregatiari of Wiese
two genera, there are a mimber of characteristics which make
separation feasible, and thouj® difficult to outline in
abbreviated form, in praotioe separation is easily done."



