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S U M M A R Y. 

1, Eighteen species of aquatic Hyphomycetes are 

recorded from South Africa for the first time. All 

except two of these can be assigned to described 

species. The other two are new species of 

Articulospora and Anguillospora and are described in 

this thesis. Three unidentified spore types, an 

"Articulospora 11 type and "Anguillospora 11 type anda 

Y~shaped spore are also described. 

2. Spore development in ten species is described. 

3. A key to the fungi described in this thesis is 

given. 

4. General notes on the ecology of these fungi and a 

table recording the fungi found in the Eastern 

Cape Province of South Africa, their distribution 

r.vithin the localities and the nature of the 

material on which they t.rere gro\lring are given. 

5. The gross characteristics of plate cultures of six 

species, five grol!lring on malt agar, Czapek agar, 

plain agar and maize agar and one on malt agar 

only are described. 

6. Growth of four species in liquid culture using the 

Czapek-Dox medium is reported. 

7. The results of an investigation into the effect of 

variations in temperature and medium on the growth 

of plate cultures of five species are analysed, 

discussed and conclusions are drawn. 

S. Growth of certain isolates of four species on twigs 

is described. 
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INTRODUCTION. 

The aquatic Hyphomycetes of South Africa have received 

little attention and therefore it seemed that an investi-

gat ion of this group of fungi l.~rould be of value. 

The aquatic Hyphomycetes flora seems to be dominated 

by a group of fungi which produce hyaline conidia, prin-

cipally vermiform or branched in shape. The fungal 

nature of spores of the fungi of this aquatic group were 

apparently first recognised by De Wildeman (1~93, 1~94, 
1 

1~95) (see footnote) who described five species 
2 

Te tracladium marchialanum De Wild. , (see footnote) 

Fusarium elongatum De 1-J'ild. (now 1\ng-uillospora 

longissima (Sacc. & Syd.) Ingold), Clavariopsis aquatica 

De Wild . and Lemonniera brachycladia De 'Vlild. He also 

figured conidia of other species (1~93) together with a 
3 

number of algae (see footnote). Spores of Tetracladium 

setigerum (Grove) Ingold had been previously described 
~ 2 

and illus trat ed by Reinsch (1667 and 1~32) (see footnote). 

He however described it as Cerasterias raphidioides but 

expressed considerable doubt as to whether the organism 

in question was an alga or a fungus. De Wildeman noted 

the similarity of his fungus, Tetracladium marchialanum , 

to Cerasterias raohidio ides Reinsch and also to 

Phycastrum longispina described and illustrated by Perty 

1~522 (see footnote) . He submitt ed a sketch of the 

organism to Sa.ccardo who excressed the opinion t hat it 

was undoubtedly a fun~us and closely related to his 

Titaea callispora. De ~ 'il ~. eman reported it again in 

1~944 (see footnote ) in France and Switzerland and 

classed it in the Phra rrmosporeae division of t~e family 

Footnote. 1. Cited by Ing'old (1942) 

2 . Cited and illustrations reproduced by 
Karling ( 1935) 

3. Cited by Nilsson (195~) 

4. Cited by Karling (1q35 ) 
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Mucedinaceae. 

A long controversy over t~e identity of Tetracladium 

marchialanum followed and during its course the organism 

was confused lrJ'ith the algal genera Phycastrum, 

Polyedrium, Cerasterias and Asterothrix (reviewed by 

Karling 1935). By 1937 it bad been recorded from Ger-

many, France, Belgium, Switzerland, Africa, Norwa~r, Dutch 

Guiana, Canada and the United States (Karling 1935) and 

from England (Barnes and Melville 1932). Karl ing ( 1935) 

observed spore development and by obtaining: the organism 

in pure culture was able to clarify its nature and estab­

lish it as a fungus but he failed to recognise the exist­

ence of two species of Tetracladium, T. setigerQm and 

T. marchialanum. His figures fit the description of 

T. setigerum (Grove) Ingold (Ingold 1942) rather th~n 

that of T. marchialanum De ·.'!ild. ( Ingold 1942). He, 

however considers his fun~us to be identical wi th 

1\.sterothrix (Cerasterias) raphidioides (Reinsch) Printz 
1 (1914) which is clearly the spore of T. marchialanum. 

Tetracladium setigerum, which was first described as an 

alga by Reinsch ( 1~~~ )> v.ras rede scribed and drawn as a 

fungus, Tridentaria setigera, by Grove (1912) before lt 

was finally placed in the genus Tetracladium by Ingold 

( 1942). Trle only other aquatic Hyphomycete recognised 

prior to 1942 was Varicosporium elodeae Kegel in 1906. 

Apart from the six species mentioned above, none of the 

aquatic Hyphomycetes received any attention until 1942, 

when Ingold published an intensive study of the aquatic 

Hyphomycetes occurring in an alder lined stream near 

Leicester, England. From this site Ingold r ecognised 

sixteen species, six of which could. be assigned to known 

species. Thirteen of these species were obtained in 

pure culture and spore development was fo llowed in most 

of the species by using hanging drop cultures. 

Subsequent investigations by Ingold (194J ( a and b), 



1944, 1952, 195g and 1959), Ingold and Cox (1957) and 

Perrott (1960) have added a further fifteeh British 

species~ Virtually nothing was knmNn of these fungi in 

North America, except for isolated accounts of 

Tetracladium marchialanum (Karling 1935) and 

Varicosporium elodeae (Bessey 1939) until Ranzoni (1953) 

made an intensive survey of the streams, lakes and ponds, 

both permanent and temporary, throughout the state of 

California. He recorded seventeen species which had 

been described by Ingold from Leicestershire, England, 

and an additional five new and undescribed species. One 

of these belonged to a new genus, Campylospora (Ranzoni). 

Tubaki (1957) made a survey of the streams, lakes and 

ponds of Japan and found that these fungi were com~on in 

well aerated water such as small streams and ponds. He 

described fourteen species, three of which were previous­

ly undescribed. In 195S Tubaki recorded the occurrence 

of another four described species . The principal re­

cords of aquatic Hyphomycetes from Sweden are those of 

Willen (195S) who recorded nine described species and 

Nilsson (195g) twenty one described species, including 

the nine species recorded by Will en. In a collection 

of leaves from New Zealand s treams Ingold (1959) identi­

fied seven described species. Hudson a nd Ingold ( 1960) 

and Ingold (1961) collected aquatic Hyphomycetes from 

streams in Jamaica and recorded sixteen species two of 

which were previously undescribed. 

No intens ive s urvey has been made of aquatic 

Hyphomycetes occurring in Africa. However, in t he course 

of visits to Nigeria Ingold (1956, 1959 and 1961) has 

recorded spores of three described species and several 

undescribed species from collections of scum and foam 

from a s tream. One spore of particular interest was 

branched and septate with clamp connections. Four 

described species and six t ypes of spores of six 
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6. 

undescribed species have been recorded from scum and 

foam of streams in three localities in Ghana (Dixon 1959 ). 

Ingold (195S) recorded thirteen described species of 

aquatic Hyphomycetes and spores of a number of undescribed 

species from Uganda and Southern Rhodesia. A list of 

the described species of aquatic Hyphomyc et es and an 

indication of the countries from which they have been 

recorded are given in Table 1. 

These fungi have been found gr owing on a wide range of 

decaying plant material. Attention has been drai~oJn to 

the fact that all gymnosperm material examined was devoid 

of these fungi (Ingold 1959 and Nilsson 195S). It is 

therefore of interest that the decaying leaves of a 

gymnosperm , Podocarpus latifolius
1
have been found in the 

present s urv ey to be inhabited by Flagellospora curvula, 

Tricladium gracile, Articulospora tetracladia, 

Articulospora grandis n. sp., Alatospora acuminata .and 

Triscelophorus monosporus. Table 2 records the aquatic 

Hyphomycetes found in the present survey i n the Eastern 

Cape Province of South Africa and the nature of the 

material on l~rhich they ~Jere ~rm..ring . 

The aquatic fungi of this group are usually classified 

in the Fungi Imperfecti, as the perfect stage was for a 

long time unknown and is still only known in two species, 

Flagellospora penicillioides ( Ranzoni 1953) and 

Hell scus lugdunensi s ( Webster 1959), both of v.rhich are 

species of Nectria. In this investigation an attempt 

't1ras made to obtain the perfect sta~es by grol..ring certain 

isolates on sterilised twi gs . 

Additional forms of reproductive bodies have been 

described for some species, for example pycnidioppores 

of Clavariopsis aquatica ( In~old 1942), small spherical 

or ovoid phiallospores produced by a number of species 

(e.g. Tricladium gracile (Ranzoni 1953) and Heliscus 
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lugdunensis ( Webst er 1959)), c.b.lamydospores formed b~r 

Flagellospora penicillioides (Ingold 1944) and sclerotia 

formed by some species such as Clavariopais aquatiya 

(Ingold 1942). 

Little experimental work has been carried out on 

aquatic Hyphomycetes. Webster (lq59) invest i gated the 

sedimentation and impaction of the s~ores on smooth 

surfaces. He presented evidence for t he evolution of 

tetraradiate propagules in a number of unrelated organ-

isms as a probable adaptation to an aq_uatic environment 

and discussed speculations about the significance of such 

structures. From sedimentation experiments he observed 

that tetraradiate spores ~ id not separate more rapidly 

than other spores. However , he found that the trapping 

efficiency of tetraradiat e spores was considerably high­

er than that of the other spore forms studied (e. g. 

Anguillospora longissima and Flagellospora sp.) 

Tubaki (1957) studied the rel ationship between growth 

and sporulation, and temperature in thirteen species. 

From these results he concluded that the limit of 
0 

growth for these species was ab out 2~-27 C. on solid 

media while that of sporulation in liquid culture was 
0 

25 c. 
In t his investigRtion a survey was made of the 

aquatic Hyphomycetes occurring in t~e Eastern Cape 

Province of South Africa. Eighteen species of aquatic 

Hyphomyc etes were found and are recorded from South 

Africa for the first time. All except two of these 

can be assi~ned to described species and the other 

tr.ro are a new species of Art iculospora and AnP'uillo spor a 

and are described in this thesis . Three unidentified 

spore types, an 11 Ar ticulospora 11 type, an 11 Ammillospo ra 11 

type and a Y-shaped spore lArere also fo und. A key 

was made to these fun~i , observations were made on their 
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ecology and spore development was followed in eleven 

species. Six species TAr ere isolated in pure cul tl~re, 

four of these were grolN"n in liquid culture in Czapek-Dox 

medium and an inve s ti?at i on was made into the effect of 

five temperatures and. four media on the p:ro·~th of plate 

cultures of five species. These isol~tes were also 

groT..,rn on twig s in the hope o f obtaining the perfect 

stage, as both species of T•Thich the perfect stage is 

known are Nectria spp., and Nectria spp. are common on 

twigs in the localities in T.Vhich aquatic Hyphomycetes 

were collected in the present investigation. 
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1. METHOD OF COLLECTION AND EXAM IN.I\TION. 

DecayinP;: plant material '.Vas collected in jars or 

plastic bags. Initially, the decaying plant material, 

chiefly leaf skeletons, was placed in shallow dishes of 

stream T•rater and under these conditions the fungi ceased 

to produce conidia after about t1.vo days. It 1r,ras found 

that, if the leaves were placed in jars of water which 

1.vas constantly aerated, i t :,,ras possible to prolong spore 

production for about a week, except in the very hot 

weather, when there was a rap.id multiplication of bacteria 

even in the aerated water. In very hot weather the j~rs 

were placed in the refriger a tor in an attempt to control 

the multiplication of bacteria. 

The spore development of the fungi qrowing on the 

decaying leaves 'ltlras follmved by dissecting out suitable 

pieces of leaf and suspencUn7 these in hanqin l2' drop cul-

t ures. At first closed rings were used but in several 

cases , under these conditions certain irregularit ies in 

the shape of the spores developed ~rere observed. It was 

decided that this mi l2'ht be due to the development of 

anaerobic conditions, and so rings ~ri th an inlet a nd out­

let tube were used and air ,,ras passed through the ring 

for a few minutes approximately once an hour (see Fig.l). 

Under these conditions spore development appeared to be 

quite normal. The dral~rings of the developing spores and 

of other morphological features of these fungi were all 

made with the a id of a cam era lucida. 

2 . DESCRIPTION OF SOURCES OF r·=.t\ TERIAL. 

The aquatic Hyphomycetes described here were collected 

from the fol1owing four main areas of the Eastern Cape 

Provtnce of South Africa:- ( l ) the Grahamstown district, 

( 2) Port Elizabeth, ( 3) the Hogsback in the .1\matola 

Mountain Range and ( 4) fro m near Al i ce (s ee map 1). 

The sit es within these main localities are as follows :-
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1. Grahamstown district (Map 2). 

(a) A streamlet in an islet of natural forest in 

Fern Kloof on the south facing slope of the hills south 

of Grahams tolNn. The collection site was a few feet 

from the spring head at which point the streamlet is a 

shallow trickle . 

(b) A stream, the headl,,raters of the Kor.rie River, in 

Featherstone Kloof belo1.'r l:i'ern Kloof . The stream a t this 

site is overhung by oak trees, Quercus robur . 

(c) The BlaaurrJkrantz River, five miles from Graham-

stown on the Belmont Valley road. The stream is overhung 

by trees of Populus niqra and Quercus robur. Decaying 

leaves of these trees are held back by rocks in the shall­

ows, where the water is running swiftly. 

(d) A small stream in an islet of natural forest in 

Paradise Kloof on a south facing slope six miles from 

Grahamstown on the Highlands road . The s tream is shallow 

fast flowing and at intervals cascades over rocks in the 

stream bed. 

(e) A stream runnlng in a south westerly direction 

on the fa.rm, Orinway, seven miles from Grahamstown on the 

Highlands road. In its higher reaches the stream passes 

throu?h fynbos but at the collection site it is overhung 

by trees of Quercus robur and Populus nigra. It is fast 

floltJing and the decaying leaves are held back by stones 

in the shallows . 

(f) Two tributaries of the Palmiet river in Howie-

sons Poort on the Grahamstown - Port Elizabeth road. One 

of these streams is overhung by indigenou~ trees and . -
shrubs and by the exotic shrub Acacia longifolia. The 

other stream is overhung by trees of Populus sp ., 

Quercus robur and by a few indigenous trees such as 

Harpephyllum caffrum. 



(g) A stream, a tributary of the Blaauwkrantz 

river in a large islet of natural forest adjoining the 

Rabbit Bush on a south facing hill slope about ten 

miles from Grahamstown on the East London road. 

2. Port Elizabeth, the Baakens river, Settler's Park. 

(a) In a plantation of Populus sp. The fallen 

leaves are caught on sticks lying across the stream. 

(b) Rocky shallot-rs beneath trees of Salix 

babylonica below a weir. 

3. The Hogsback , lunatola :.;:.ountain Range 

(a) Seven streams in na tural forest on south 

facing slopes, four in the lower f orest and t hree in the 

upper forest. 

(b) A s treamlet runninq throu2h a plantation of 

~uercus robur. 

(c) T1.<ro streamlets rv.nning through plantations of 

? opulus serotina (? P. ni2:ra x ? . del to ides). In one 

stream the fallen leaves lie on the surface of the mud 

and a trickle of 1.ra t er rLms over t he m, v,rhi l e in the 

other stream the fall en leaves are caught on sticks TArhich 

lie acro s s the ·bed of the stream near the surface of the 

t~Ja ter. 

(d) ~·o streams i n mixed pla ntations of exo t i c 

trees. The fallen l eaves a r e caugh t on st icks lying 

acros s the stream bed near the s urfac e . 

(e) Two streams in natural fores t on the south 

facing slopes of Wolf Riege. 

( f ) Two streams running throuQ'h f ynbo s on a s outh 

fac ing slope above the f orest line near the Kettle Spout 

Falls. 



4. Near Alice - the Tyumie River, eight miles from 

1\.lic e on the road to the Hogsback. 

' 

15. 

Decaying leaves of Cornbretum caffrum and Salix 

babylonica are held up behind stones in the shallows, 

where the water is runnin~ swiftly. 

One scant collection of deca:r imr. leaves and water 1,vas 

also made from the Blaauwkrant z River, lflhere it passes 

through natural forest in the Blaauwkrant z Pass in the 

Tzitzikamma Mountains. 

3. DESCRIPTION OF SPECIES AND OF S?ORE DEVELOPMENT. 

Two types of conidia are found in the Hyphomycetes. 

These are knoT~rn as terminal thallospores or aleurio-

spores and phialospores . The definitions given by 

Ingold (1957) are quoted below: 

11 The terminal thallospore represents the 

swollen end. of a hypha. which is cut off 

at an early stag:e by a cross r,mll as a 

spore primordium. After further development 

the spore separat es from its conidiophore, 

usually by disarticulation at the junction 

of the two structures, ~lthough sometimes 

liberation is achieved. by breakdown of a 

separatin~ cell at the end of the conidio­

phore . Althou~h the vacant conidiophore 

may grow and produce another spore, it does 

not usually do so, and if it does the new 

spore is not normally formed exactly at the 

same level as the first 11 • 

11 The phial ospore i s produced from a 

speci.al organ, the phiallde, occurring at 

the end of the conidiophore. The phialide 

is typically wider in the middle tap ering 

to a narrow neck at its apex . From the 
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Lunulospora -~urvula In~old. Conidiophore v:i th tv,ro 

branches each bearinG at its 

tip two young conidit""., one c.lmost nature ::md the 

other very young . Gro··fin;r on u deer ying lee.f of 

Poy>ulus niera from the Belmont Vr>.lley . IV1ounted in 

acid fuchsin and lactaphenol. 

lh. 



end a spore is prodv.ced and this grows to 

full size before being cut off by a wall . 

Immediately one phialospore is formed 

another beP:ins to develop from the phi fllide 

succeedin~ phialospores being produced at 

exactl y the same level!'. 

17 . 

Of the eighteen species found all except tl~ro could be 

assigned to described species . The other two are new 

species of Articulo spora and Anguillospora an d. are 

described in this thesis . All the descriptions of 

genera and known species are, unl ess otherwi se stated, 

taken from Profes sor Ingold ' s publ ications , Three 

spore types, an "Articulospora 11 type , an "Anguillospora" 

type and a Y~shaped spore T~rere also found . However the 

material collected was insufficient for an i dentification 

of these spores to be made , 

Lunulospora Ingold. 

11 Submerged aqua t ic fungi T'i th b ranched, sep-

tflt e mycelium . Co niciophore simple or b ranched. 

Conidium ( aleuriospore) unicellular, sigmoid or 

creecent -shaped , borne t e:;.~m in al l ;r on the conidia-

phore on a Sm13.ll stal k ce11 a ttached not to an 

end of the spore bu t a t a point some way from 

either end. Spore li-) erat ed by the breakdOTN'n 

of the stalk cell ". (Ingol d 1 9 1-1-2 ). 

Lunul ospora c urvula Ingold (Pl. I) . 

"Submerged aquatic f ungus with b ranched septate 

mycelium. Conidiophore simple or sparingly 

branched, t:;0-200 mu. lons·; , 2- 2 , 5 mu. broad. 

Conidium ( al euriospor e ) produc ed t erminally 

on a shor t s talk cell 3-5 mu. long 1. 5 mu. 

broad. By repeated budding from the end of 

the conidiophore a number of spores may be 

p roduced in succession (but not basipetally), 
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each seated on a stalk cell. Alouriospore 

unicellular, cresc en t-shR.ped or s igmo io., 70-9 0 

mu. long, 4- 5 mu, _broa~. in its middle region 

but t::tperinQ' to 1.5 mu. . _at its ends, l'lith a row 

of conspicuous v~cuoles . Attached at a point 

a long its convex surf~ce to the stA.lk cell . 

Liberated spore, with an i nconspicuous hilum 

~rhere it was orip.:inally attached to the stalk 

cell. 

On submerged dec.stying l eaves of Alnus 

glutinosa and Sal ix sp. from a st r eam in 

Lt;icestershire, England" . ( Ingold 19tt-2), 

Other records of Lunulo sp ora curvul a A.re from Cali­

fornia (R~nzoni 1953), from Jamaica ( Hudson and Ingold 

1960) , from Sweden (Nilsson 1953 -St nd 'tvillen 1953) and 

from Rhodesia and Uganda (Ingold 1953). This fungus was 

f ound on submerged dec11.ying leaves of the exotic trees, 

Populus serotina, ~uercus robur Pnd Eucalyptus globulus : 

of the indigenous trees Gel tis afrl0'1!1B., Xyml'l los 

monospora qnd Mayt0nu s cymos~s : of Rubus sp : and on a 

dec~yi ng fruit of AcaciA. sp , from the Ho~sback, on 

decaying leaves of the exotic trees , Popul us nigra from 

the Belmont V~=tl1ey ~nd Quercus robur from Featherstone 

Kloof , and of the indigenous trees, Rhus leg~ti, 

R~pane~ melanophl oeos , Ficus c~pensis and Harpephyl lum 

caffrum from Howiesons Poort: Octeq bullata, Cqss ine 

_§Q • .s:~nd Celt i s nfri c'J.nB f rom Par!ldis e Kloof : Rhus 

legati, Celtis africqnq and Cunnonia cqpensis from the 

Rnbbit Bush and Combretum cqffrum from the Tyumie river : 

and of the exotic tree Acacia sp . from the R~bbit Bush. 

The conidiophores are produced most abundantly from 

the mid-rib and l a t eral veins of the l eaves rather than 

from the margins or petiol es . They were most 8.bundant 

in collections made in autumn, April and May, but showed 

9. mqrked decrease in abund!'l_nce in the winter months, 
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June, July and August , remqining scarce until the follow­

i ng April except for q slight pef:l.k in November, It lfl,.:ts 

observed tfr~t there was a consider~ble variation in the 

length of the conidiophore p ro jecting from the leaf tissue. 

The length Wl3.S refrulr-~. rly ~bout 13 mu . in the fungus grow­

ing on oQk leaves from Fe~therstone Kloof, wbereae it w~s 

50~SO mu. in the fungus gro1.-.ring on poplar le-9-ves from the 

Belmont Valley. 

Spore development was fo llm~red in h::tnging drop cul tur­

es of the f ungus gr<Y~rJing on decaying leaves of Populus 

nigra and Xymalos davyi (Fig . 2) . ~~il e the development 

of a spore is proceeding , the primordium of the succeed­

ing spore arises as a protruberance on the end of the 

coni diophore to one side of the f i rst spore . Ingold 

( 1942) observed that the prot rub erance 1.vas first cut off 

from the conidiophore by a septum and that a second 

septum w.qs fo r med cuttin~ off a small basal cell which i s 

the stalk cell. The se two sept~ were not , however , 

Alw~ys apparent ( see second septum Fig. 2::t, both septa 

Fig. 2,t). The spore primordium enl~rges and elongates 

and o.fter -"tbout three qnd a half hours a second gro1Aring 

point ~evelops near its base (Fig . 2,h, i , p,q) . Both 

growing points continue to ?row until a crescent- shaped 

or sigmoid spore is developed (Fig. 2,g , h,t ). The spore 

takes about six hours to develop at laboratory temper­

ature as compared with ten hours observ ed by Ingold (1942). 

The spore is liberated by the breakdown of the stalk cell. 

v;hereas IngoJ.d ( 1942) observed that the remains of the 

stalk cell were never left attached to the spore or the 

conidiophore , they h!1.Ve o f't en been found A.t t ached to the 

con i diophore but not to the spore (Fig. 2·, t) . 
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PLATE II. 

A .&B . Flagcllospora curvula Ingold. Tr10 groups of 

21. 

conidionhores eacr consisting 

of a group of phinlides . ST)ores on rie;ht y ount?, , 

that on left al~ost fully p-ro· . .tll . Grorling on a 

de caying leaf of Combretum caffn1m f rom the Tyumio 

River. ~ounted in wnter. 

C . Fla~ellospora penicill ioides In~old. Conidiophore 

from cul ture of the 

fungus gro·;.rinG on two p:...rcent malt a[;ar . tTounted in 

'··ater. 



22 . 

A. B. 

Fig.J. A. Flagelloca.orCJ curvula 'Ingold. Two groups of conidiophores 

aach consist ing of a group of phialtdC!s. 

Two young spores and fV~o almost mature. Growing on a 

decoying laof of Combretum caftrum from the Tyumie River. 

8 . F.P._enicil/ioides Ingold. Conidio~hore from culture of the fungus 

on two percet malt agar. 

A and 8 moun ted in water. 
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Flqgellospora Ingold. 

"Submerged aquatic fungi with brAnched septa te 

mycelium . Conidiophore branched to form a 

numb e r o f phial i d e s . Con i di a ( phi a 1 o sp o res ) 

hyaline , fi liform, produced in bAsipet~l 

succession 11 • (Ingold 1942). 

F1agellospora curvula In~old. 

(Pl . II A & B) ( Fig. 3) • 

"Submerged aouatic fungus tArith branched septate 

mycelium , Conidiophore usually b r a nched 

f orming a group of two to ten phi ql ides . Each 

phial ide cltwate, 10-20 mu. lung, 2 . 5 mu. broad, 

producing conidia (phialospores) i n bas ipetal 

succ ession . Conidium curved or sigmoid, 

hyqline unicellular, 100-150 mu. long, 2 mu. 

bro.q_d in the mi ddle r c<2:ion tA.perimr. to 1. 5 mu. 

tot~rard.s its ·ends. 

On submer~ed decayi~g leqves of Alnus 

glutinos~ and Salix sn. from ~ streqrn in 

Leicester shire, En<?;l ."l.nd 11 • (Ingold 1942). 

Other records of Fl :J.gellorpora curvula are from 

Cr.tliforniR. (R:inzoni 1 9?3) , from SrAritzerland (Ingold 

1949), from Sweden (Nil s son 1953), from Gh-3.na ( D~xon 

1959) end from Rhodesia <.md Ug:mda ( Ingold 1953). Ti.1.i s 

f ungus has been found groT.o~r ing on submer ged decaying 

leaves of the exotic trees , Populus serotinft and Quercus 

robur: of the indigenous trees , Xymalos monospora, 

Rhus legati, F-:1.gara dllvyi and Podoca.rpus latifolius and 

of Rubus sp . from the Hogsb~ck a nd on skeletonised leaves 

of the indigenous tree , Combretum caffrum, from the 

Tyum ie River. The conidiophores of this fungus are 

fauna. 111ri th equal frequenc~r on the veins and margins· of 

the decaying l eaves . Fl.'lgellospor.q, curvula was common 

in August but not during the r 0s t of the year . 
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Flagellospora penicillioides Ing~+d. 

( Pl • I I C ) ( Fig, 3 ) • 

"Submerged qquatic funf?.'US with branched, septate 

mycelium on malt .qg~r hy"'.line at first, lat er 

briQ'ht b ro1Arn 1,ri th moniliform chains of inflated" 

oil containing brown ce+ls ( chl!'l_myCl.ospores) 

15-35 · mu, long, ~-16 . mu. broad, occurring in the 

older parts of the 0erial mycelium. Aquatic 

conidiophores hyaline , branched as in Penicillium: 

unbranched st~lk part 150-300 mu. long , 2. 5 mu. 

broad, apical phial ides ~-1-tO, 15-20 mu, long, 

2.5 mu. broad. Conidta (phi~lospores) hy~line, 

45-55 mu. long, 2~ 5 mu~ b.ro.qd, in the middle 

but tapering to 1,5 mu• a t the endsJ unicellular 

or uniseptate, curved or more usually sli~htly 

sigmoid, produced in bas i petAl succession from 

the phi1.lides. Aerial conidiophores produced 

sp~ringly on m~lt a~Br, resembl e the ~quatic 

conidiophores but produce heads of slimy 

conidia. 

On submerged decaying l eAf from ~ stream 

ne-:tr Rending , England 11 
t ( Inr:olc'l. 1944) . 

Flagellospor~ p enicillioides has also been recorded 

from Californ ia (Ranzoni 1953) ~nd from J amaica (Hudso n 

and I ngol d 1960). This fungus was found in August 

groi<.ring on a s ubmerged decayin3; 1 eaf of May tenus 

cymosus from the Hogs~1ack and has been istlated in cul­

ture on malt agnr from spores from the 'Qelmont V.CJ.ll ey . 

The cultural ch~ract eristics of this fungus ~gree lrJ'i th 

the description quot ed r-tbove .• Howev er, spore produc-

tion from strips of the culture placed in sterile 1.1\Tater 

took three to four d~ys to com~ence, whereas Ingold 

( 1944) found thA.t spores were produced within two d. ::~.ys . 
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PLAT:; III . 

A. 

B. 

A. Anguillospora longi ssimo. ( Sacc . & Syd . ) In:;old. 

Conidiophore ~ith conidium . 

Growinc on a. dcco.:· in.=; le :::o.f oL· Ponulus sp. fros the 

Baaln:ms Ri ver . T.iou nted in ·:;ater . 

A . Anguil los_:l2_<?_ra filifor"nis n . sp . Showin,'.~ point of 

Gttachm~nt of conidium t o 

con i C:..iopi.' or e and procc os o.t ·:Jese o:i' conidium . 

Grmving on ::-~ dcca;)rin g lec.f from the r!ogsbacl: . 

:.~ounted in water . 



~
 

~
 
~
 

s·
 I
~ 

Q
 

I~
 

(
)
 

~
 
~
 

0 
CQ

 
Q

 
c:::

 
.:::>

 
c:: 

~
 

-
.....

.. 
<V

 
c::

 
......

. 
-

Q
. 

-
ll
) 

~
 

(I
) 

.....
... 

<:>
 

(/
) 

c:: 
(I

) 

~
 

0
. 

2l
 

~ 
::;-

G
) 

0 
b 

10'
 

3 
~
 

<2 
.....

. 
.....

 
~
 

.....
.. 

::::,
... 
~
 

(t
j 

(\
) 

(I
) 

'-
..

 
.....

.. 
tl:

7 
....,

 
::3

 
Q

 
0 

Q
 

~
 

C
) 

Q
 ""'"

 
Q

 
0 

'(
;
)
 

IV
 

.:::>
 

Q
 

.:::>
 

....
...

 
("

j 
Q

. 
Q

.. 
C

) 
V>

 
'V

 
-

. 
(
)
 

0 
~
 

::v
 

Q
 

"'V
 
~
 

.....
. 

'<
 

::
)-
~
 

"' 
.....

... 
0 

:::>
 

--
IV

 
....,

 
....,

 
~
 

<V
 

:;-
~
 
-

(.C
) 

1\
) 

t:-
-

0 
0 

Q
 

(\
) 
~
 

c: 
.....

 
Q

 
.:::>

 
....

. 
0 

.....
.. 

.....
. 

:::>
 

(\
) 

'-
..

 
c.c

 
Q

.. 

1
\)

 

0'
1 



• 

. 27. 

Anguillospora Ingold. 

"Submerged aquatic fungus with branched, septate 

mycelium. Aleuriospores terminal, eel-like, 

septate, colourless, either separating from the 

aleuriophore by the breakdown of a separating 

cell or by a disarticulation and rounding off 

process at a septum at the end of an aleuriophore 11 • 

( Ranzoni 1953). 

Anguillospora longissima (S~cc. & Syd) 

Ingold. 

(Pl. III A)(Fig. 4). 

"Submerged aquatic fungus 1.\Tith branched, septate 

mycelium which is hyaline when young, becoming 

greenish grey whe~ old. Conidiophore usually 

simple, 50-150 mu, long, 2~4 mu. broad. 

Conidium (aleuriospore) terminal, 200-350 mu. 

long, 5-6 mu. broad in middle re?ion tapering to 

3-4 mu. broad at ends, 6-10 septate, curved or 

sigmoid, separating t..;hen mature by the breakdown 

of a 11 sn,all separating cell" at the end of the 

conidiophore. On submerged decaying alder and 

willow leaves , England 11 • (Ingold 1942). 

Other r eco rds of this fungus are from California 

(Ranzoni 1953 ), from Sweden (Nilsson 195g and Willen 

195g), from J apan ( Tubaki :957), from J amaica (Hudson 

and Ingold 1960) and from Uganda (Ingold 1958). 

Anguillospora longissima has b een found growing on sub­

merged l eaf skel eton s of the indig~nous tree, Mayt enus 

cymosus: of Rubus sp. from the Hogsback and of the 

exotic trees , Populus serot ina from the Hogsback: 

Populus nigra fro~ the Belmont Vall P-y and Populus sp . 

from the Baakens River. It was found in collections 

made in April, May, July and August and was absent a t 



other tim8s of the y8ar. The conidiophor8s arc more 

commnnly produc8d from the mid-rib, p8tiole and lateral 

veins of the leaf than from the margin. The spores 

germinated on two per cent malt agar but attempts to 

obtain Anguillospora longissima in culture were unsucc­

P.ssful. 

Anguillospora filiformis n. sp. 

( Pl, I II B). 

Submerged aquatic fungus, mycelium embedd8d 

in tissue of decaying leaf. Conidiophore 

simple, 3 mu. broad, slightly inflated towards 

the apex. Conidia (al euriospores) terminal, 

elongate, S8ptat~,hyaline, 200-250 mu. long, 

3.g mu. broad. Sides of spor0 almost parallel 

converging towards the apex. Small lateral 

outgrowth on side of spore near base, becoming 

more or less parallel ~ith sides of spore. 

Hab. On submerged decaying leaves from streams 

in the Eastern Cape Province of South Africa. 

Anguillospora filiformis sp. nov. 

Fungus aquaticus, submcrsus, mycelia in folio 

putresc enti inserto. Conidiophora simpli~ia 

3 mu. l ata , subinde apice moderate inflata. 

Conidia (al 8uriosporae) acrogena, elongata,. 

eeptata, hyalina , 200-250 mu. longa, 3.g mu. 

lata. Lat era spori paen c parallela, ad apicum 

al ternata. Parvus processus lat erali s prop8 

ad basim spori situs, l at8ribu s spori plerumque 

parall8lus. 

Hab. In folius putresc8ntibus, in flumini­

bus in ori ?ntal 8 parte Capicae Provinciae 

Africae Australis submersis. 



This species was found g rowing on submerged decaying 

leaves of the exotic trees, Populus serotina, Quercus 

robur and Eucalyptus globulus: of the indigenous trees 

Ma~rtenus cymosus, Fagara davyi and Royena lucida from 

the Hogsback, Rapanea melanophloeos from Paradise Kloof, 

Rhus legati from Paradise Kloof and Fern Kloof and 

Cunnonia capensis from Rabbit Bush. Spores of 

Anguillospora filiforrnis were common in the streams of 

Paradise Kloof and Howiesons Poort from June to August 

but conidiophores were hever found in abundance. 

The conidium of Anguillospora filiformis differs from 

those of Anguillospora longissima, A. crassa Ingold, 

A. pseudolongissirna Ranzoni and A. gigantea Ranzoni in 

that it is only 3.S mu. broad, whereas the conidia of the 

latter four species are 5.5 mu. 15-20 mu., 4.6-6 mu. and 

5-6 mu, broad respectively. It further differs from 

those of the other four species in the presence of a 

lateral process at the base, an appendage which they 

lack. The sides of the conidium of this fungus are 

parallel for most of their length but in A. flagellifera 

Ingold, in which a basal process is also produced, the 

conidium consists of two unlike portions, a truncate 

basal portion 10-14 mu. broad and an upper whip-like 

portion (see Table 3). 
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Table ). 
)l. 

TABLE OF COMP~RISON OF THE ANGUILLOSPORA SPP. 

Anguillos2ora Length Width in mu. 
.§.:QQ. in mu. Basal Base Middle Apex 

Process 

A. longissima 200-350 3-1.~ 5-6 )-4 lacking 

A. crassa 120-200 8-10 ~ 15-20 8-10 " 
A pseudolon?- 50-100 6-8 4.6-6 3-S " • 

is sima 

A gigantea 150-750 3-~ 5-6 2. 5-~ " . 
A . flagellif- 140-200 2. 5-3 10-14 2-3 present 

era 
I 

A. fi li formi s 200-21=)0 3.8 ).8 3.8 11 

A. sp. 128 
(Unidentified) 

4.5 6 1.5 !I 

Observations of spore development in AnguillOS:QOra 

filiformis have been made from hanging drop cultures of 

the fungus groHin~ on leaf skeletons of Ra2anea 

melano:Qhloeos . A complete series of drawings of spore 

development of one spore has not yet been made but 

drawings of these spores ( Fig. 5,A,B and C) at various 

stages in their development have been arranged in a 

developmental series . The spore primordium (Fig. 5,a) 

which is somew·hat na:rro1.ver than the inflated portion of 

the conidiophore elongates and becomes slightly broader 

in the upper hal:fl (Fig. 5, b). However, as the spore 

continues to elon?ate the sides become more or less para­

llel conver~ing towards the apex (Fi ~. 5,d). A small 

knob-like process appears on the side of the spore 

immediately above the septum which has formed between 

the developin~ spore and conidiophore (Fig. 5,e). This 

process elon~ates to form a short peg-like process which 

is about half as broad as the spore and which is orien­

tated with its long axis almost parallel liiTith the sides 

o f the spore ( Fi g. 5 , g) • During its development the 
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spore becomes septate. Lii·)eration of the spore seems to 

be b y disintegration of the mid.dle l amel l a of the sep t um 

be t1,ve en it and t :1e conidiopho re. It T.Vo uld appear that 

in reaching its full siz E and ~ltimate angle, the process 

may assist in 11pushing 11 the spore off the conidiophore. 

The spores ? erminate readil ~ on two per cent ma l t agar 

but the f ung_!.ls has not as Jret been obtained in culture. 

nnguillospora sp . (Fig. 6 ) . 

Spores , probably of a species of nn~uillospora, were 

found in stream water from the upper natural forest at 

the Ho§!:sback i n April 1 961 ( Fig. 6). The spores do not 

correspond exactl y 1~ri th the descri pt ions of the na med 

species. They r esemble spores of nng:uil l os pora 

flagelli f era most closely but the upper narrow po~tion 

o f the spore i s not curved and whip-like as in that 

species and t YJ.ey are some•~rhat smaller in size . :r'he 

spores are hyaline , sep tate , approx imately 12~ mu. long, 

approximately ~ . 5 mu. broad at the base broadenin? to 

approximately 6 mu , in t .':le middl e porti on an d tapering 

rapidly to 1. 5 mu. b r oad a.t the apex. A process approx-

imately 23 mu, long and aDproximately 3 mu. broad tapering 

to 1 mu. b road arises from t he base of the basal cell a t 

an angle to the sides o f the spore . 3y considering the 

t able of comparison ( Table 3) of the species of 

Anguillospora it will b e seen that these m8asur ements do 

not correspond wi th those of any of the described species . 
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PLAT~ IV. 

A. 

r 
• 

0 

B. 

\ 

c. 

A .&B. Growing on a ueca;.-in.':: leaf of Pouulus serotina _ __.___ __ _ 
from the Hogshack . ~~unted in gater. 

A. Group of conidiophorJs bearing conidia in 

various st~~es of develo~mcnt. 
B. Conidio~hore b0~ring a younv conidium. 

C. Conidiophores be~ -i~g young conidia . ~roM a 

culture of the funr::us cro· .. inc on malt r~gar. 

Mounted in ~ater . 
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Tricladium Ingold. 

"Submerged aquatic fungi with branched, septate, 

mycelium. Conidium (aleuriospore), septate 

hyaline, consisting of an elongated main axis 

with two lateral branches arising at differ~nt 

levels from the main axis 11
• (Ingold 191.~2). 

Tricladium SDlendens Ingold. 
(Pl. 1 V A, B and C). 

"Submerged aquatic fungus with branched, septate, 

mycelium. Conidiophore usually simple. Conidium 

(aleuriospore) terminal, hyaline, consisting of a 

main axis, fusiform, 3- 6 septate 60-20 mu. long, 

6-7 mu. broad at widest part, tapering to 2-3 mu. 

at their apices, with a narrow isthmus, 2 mu. 

wide, where each branch joins the main axis of 

the spore. The tv.ro branches originate from the 

main axis of the spore at levels 10-20 mu. apart. 

On submerged decaying leaves of Alnus glutinosa 

from a stream in Leicestershire , England 11 • 

(Ingold 1942). 

Tricladium spl endens has also been recorded from Cali­

fornia ( Ranzoni 19~3), from Switzerland (Ingold 191+9 ), 

from Sweden (Nilsson 19~g) and from Japan (Tubaki 1957). 

This fungus has been found gro'lilrinp: on submerged decaying 

· leaves of the exotic trees Populus serotina and Quercus 

robur: of the indigenous tree, Maytenus cymosus and of 

Rubus sp. from the Ho~sback. Conidiophores were common 

in collections made in July and August but absent from all 

other collections except in April 1961 in which it was 

rare. The conidiophores are produced more commonly from 

the mid-rib, lateral veins ana. petioles of the decaying 

leaf than from the margi ns. 

Spore development has been followed in a hanging drop 

culture of Tricladium splenaens growing on a decaying 
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PL!i.T:L V . 

B. 

Growinc: on a decayin6 J.e 8.f of n.uercu.;~_!'_obu::: 

fro!.l the Ho· sb<.1.ck. Uountec in vm.ter . 

37 . 

A . A group of conidiophor~s bearing coni(lic. in 

various stages of develon~~nt . 

B. T·:o conidiO'flhores each beariTI 0 ' r,n ino.tur:; 

conidiu:r.1.. 

C. A slice fro"'l s. culture o:i.' tlle func;u.s {:-:rovd.nl~ 

on ~n.c.lt ;,.gar anC sub1_:er_7- : d i n '1.0- J ated ,..,...,ter . 

Conidiophar~s becrin~ conidia in various st~fes 

of dcvclo-p::tent. ~.:onnted in \!at ';r. 
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leaf of Populus serotina (Fig. 7). 

The spore primordium develops as a club-shaped swell­

ing at the end of a thin straight conidiophore from which 

it is cut off by a cross wall (Fig. 7,a). As the prim­

ordium elongates it b ecomes slightly curved am. a septum 

is formed about half t.ray along its length (Fig. 7,b). A 

protruberance, which 1.vill form one of the lateral arms, 

arises just below this septum ana is constricted at its 

base (Fig. 7,c). A second septum forms a short distance 

above the first (Fig. 7,d) and a protruberance, which . 

will form the second lateral arm, arises just below· this 

septum and is constricted at its base (Fig. 7,e). The 

two later al arms ar e never in the same plane. The main 

axis of the spore and the two laterals elongate and 

become further septate (Fig. 7,h). The spore is liber-

ated by di s junction at the cross-wall separating it 

from the condiiophore. Thi s pattern of development con-

f~rms that of Ingold (1942). After the first spore has 

been liberated the conidiophore elongat es and a few cells 

are added to its length befor e another spore primo~dium 

is cut off in the same way as the fir s t (Fig. 7 1 j). 

Spore development from the fo r mation of the p r imordium . 

to the liberation of the sp ore takes about eight hours. 

The spores germinate on two per cent malt a~ar and 

the fungus has b een isolat ed i n pure culture on this 

medium. The cultural characteris tic s are given in Part 

3. Conidia were produced lrJhen· s t rips of culture 1~rere 

transferred to s terile stream water v.rhich was co nstantly 

aerated (Pl. lV, B) . 

Tricladium gracile Ingold. 

(Pl . V,A, B and C)(Fig. ~). 

"Submerged aquatic fungus with branched, septate 

mycelium. Conidiophore s i mple, hyaline, 10-50 

mu. l ong , 2-2.5 mu. b road . Conidia ( aleurio-



spores) terminal, solitary, hyaline, septate, 

branched, consisting of a main axis and tw9 

branches, main axis 90-150 mu. lon~, 3 .0-3~5 

mu. b road in basal half, but taper in? to 1. 5 

mu . towards the apex curved or bent to an 

obtuse angle at the point of origin of each 

lateral branch: branches straight, so-go mu. 

long, 1. 5 mu. b road: distan ce between points 

of origin of the two branches 14-18 mu. From 

submerged decayin~ leaves of oak from streams 

in Britain 11
, (Ingold 19!-t!-:) . 

40, 

Tricladium gracile has also been recorded from Cali­

fornia (Ranzoni 1953). This fungus has been found on 

submerged leaf skeletons of the exotic trees, Populus 

serotina, Quercus robur and Eucalyptus globulus from the 

Hogsback and Populus nigra from the Belmont Valley: of 

the indi~enous trees and shrubs, Cel tis africana, Rhus 

l egati, Grewia occidentalis, Maytenus cymosus, 

Podocarpus latifolius, Buddleja salicifolia, Royena 

lucida and Cassine sp . and of Rubus sp . from the Hogsback. 

The conidiophores of tb.is fungus are produced "~Arith equal 

frequency on the mid-rib, lateral veins and margins of 

the inhabited leaf and ltV'ere abundant from April to 

August but rare or absent at other times of the year . 

The spores germinate readily on two per cent malt 

agar and. the fungus has been isola ted in pure culture on 

this medium. The cultural characters are given in Part 

3. When strips of culture were transferred to sterile 

stream water which was constantly aerated , spores were 

produced, The conidiophores and conidia which arose 

from the dark cells of the old mycelium were colourless 

and agreed exactly with those formed in nature (Pl. V,C). 



A. B . 

... 

c. 

A .~B . ~vo conidiophorcs e~ch b2arinr a conidiw1 . 

"A" before l c.teral brr~nche~ hav e f orme d . 

"B" almost mature . 

Growing on <. dec -;.;,-in :': leaf· from the Ho -:sbrtc1c . 

~ ountcd in uater . 

C . Conidi ophore ·,Jenrin.o; c onidic in v c-.rious st::fes 

of develo~l"'.cat . J..-rom a culture of the fun,"V.s 

r';rmring on t ··;o percent Mal t ar,ar ann submer,-e d 

in ""erate G. \Vater . Iv'founted in ' . .rater . 
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Clavariopsis De Wild. 

The following is a translation from the latin descrip-

tion by De \'"ildeman (189~, cited in Saccardo, 1913): 

Mycelium embedded, with s i mple erect free 

branches, septate, sending forth club-shaped 

branches at apex: the uppermost cells of the 

branch extended into three uni or bicellular 

b ranches. By the testimony of Lindau it is 

to be inquired whether the 1-3 cellular branches 

are to be considered as conidia. 

Clavariopsis aquatica De Wil d , 

(Pl. Vl) . 

"Submerged aqua tic fungus ltJi th branched, septate 

mycelium. Conidiophore usually simple, 50-250 

mu. l ong , 2-2.5 mu. broad. Conidium (aleurio­

spore) terminal consisting o f a broadl y clavate, 

two-celled main part , 30-40 mu . long, ?-4 mu . 

broad at the base widening to 12-14 mu . broad at 

the apex , with three lon~ divergent pr ocesses 

50-70 mu. long , 1.~-2 mu. broad developed from 

its truncate apex ". (Ingold 19)_1-2) . 

In addition to this record from En~land, Clavariopsis 

aquatica has been recorded from California ( Ranzoni 1953), 

from Sweden ( Nilsson 19~8 and '\rlil ,_en 1958) , from Japan 

( Tubaki 1957), from Jamaica (Hudson and Ingold 1960) and 

from Uganda (Ingold 1958 ). This fungus has been found 

growing on submerged leaf skel etons of the exotic trees, 

Populus ser ot ina from the Hogsback , Quercus robur from 

t he Hogsback and fro m the Belmont Valley and Populus 

nigra from the Bel mont Valley : of the indi?enous t rees, 

Xymalos monospora and Maytenus cymosus , and of Rubus sp . 

from the Hogsback. Spores of this fungus have also 

been collected from the Rabb i t Bush. The conidiophores 
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are produced more frequently from the mid-rib, lateral 

veins and petioles than from the ma~~ins of decaying 

leaves. Conidiophores "'rere most abundant in the autumn 

months, March and April. They lrJrere also found in the 

winter and late summer but were not present in collect­

ions made during the spring a nd early summer, September 

to December. Ingold (191+2 ) describes sclerotia and 

pycnidia produced by Clavariopsis aquatica gro1~ring on 

malt agar. Sclerotia only ,,rere p~oduced by my isolate 

of this fungus. Pycnidia producing spores of the type 

described and illustrated by I ngold 1•rere , however, fre­

quently foun d to be present on decaying leaves on •IIThich 

Clavariopsis aquatica was g rowing. 

Spore development has been fo llowed in hang ing drop 

cultures of the fungus on decaying leaves of Populus 

nigra (Fig . 9). 'I'he t ip of the conidiopho re swel ls up 

and a cross wall is formed. cutting off a clavate spore 

primordium (Fig . 9). A septum forms about half way 

along the length of the primordiu~ dividin~ it into two 

cells (Fig. 9,a). Three bulges, which will form the 

three long diver?ent p ro cesses , appear at the distal end 

of the upper cell ( Fi?. 9, d ). The spo r e is fully de-

veloped (Fig. 9,g) one to three hours later and is 

liberated by a rounding of f of the two layers of the 

cross wall bet\..,reen the spore a.nd the conidiophore (Fig . 

9,h). This pattern of development closely resembl es 

that described by Ingold ( 191+2 ). It would appear that 

the formation of the cross-1~rall , which divides the spore 

i nto two cells , may take place either before or after 

the divergent arms rmve started to develop . In Ingo l d ' s 

dra• ·infs ( 191+2) the wall is not present until after the 

divergent arms are quite •rue l l developed , •·rhereas in t his 

case in all the spores examined the wall was formed 

before the divergent processes started to develop. Some 

spores· collected from the 3 elmont Valley had four 
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divergent arms. 

Two of the spores observed in han~ing-drop culture, 

over a closed. ring, developed abnormally. One of the 

spores formed was a c;.imple two-celled spore t~rith a small 

apical projection (Fig. lO,A) and the other had two 

short inflated arms, instead of the normal three long 

divergent arms, and one of these bore a secondary pro­

cess (Fig. 10, B). 

Tae spores ~erminate readily on two per cent malt 

agar made '~1i th stream T,ra ter e nd pure cultures of the 

fungus have been isolated on this medium. The cultural 

characteristics are describe& in Part 3. 'Nhen a strip 

of colony 1~1as transfer,....ed to '.Vater t~~Thich was constantly 

aerated, conidioph.ores and conidia, which aP.:reed exactly 

1r1i th those formed in nature, •~Vere produced from the 

dark cells of the old mycelium . (Pl. Vl, C). 
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PLAT~i; VII . 

- . .-...-
..... 

Heliscus lonGibra chiatus Ingold . Conidiophore be ~ring 

~n almost ~ature conidium. 

G: ·o':Jing on a decaying l..;af of Quercus r obur from the 

Hogsb~ck . Mounted in ~ater . 



Fig. 1/.He/iscus longibrachiatus Ingold. Conidia 

at various stages 

of d12vr;/opment. Growing from a decaying 

leaf of Quercus robur from the Hogsback. 

Mounted in water. 
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Heliscus Sacc. 

Translation of the latin description by Saccardo 

(1886): 

Sporodochium aplanate , slightly open (white). 

Conidia cylindrical, poly?onal-headed at the 

apex in the form of a club, insignificant, 

supported by branched sporophores . 

Heliscus longibrachiatus Ingold. 

49. 

(Pl. Vll) (Fig. 11) . 

"Aquatic fungus v.ri th branched septate mycelium. 

Conidiophores and conidia developed below 

water. Conid.ia usually simple consisting of 

a simple phialide 10-20 mu. long , 1.~ mu. broad 

at the base widening to 4.0 mu. at the apex, 

r..vith three strai1!ht divergent arms 15-25 mu. 

l ong, 1 . 0-1 . 5 mu. broa~ arising from a truncate 

apex. Conidia unicellular produced in basi-

p etal succession. 

On decayin~ leaves of Alnus glutinosa from a 

stream in Leicester:·h j_re , EnF-land u. (Ingold 191.~2). 

This fungus has also b eE'n r ~corded from Sr111eden 

(Nilsson 1958 and Wi llen 1958). Heliscus 

longibrachiatus has been found growing on s ubmerged 

skeletonised leaves of the exotic trees, Populus 

serotina, <;~uercus :robur and Eucalyptus globulus and on a 

decaying fruit of Acacia sp . from the Hogsback. This 

fungus was only abundant on leaves of EJucalyptus 

globulus and only in August. 
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A. B. 

$ [sr ['~ · ' ,.. 
... .... 

~ 

C. D. E. 

A. 1.e_tr_~cle.d_i~L~.£hi_::~}i'·E~:n~ De .iild. Two conidiophores 

ee.cb be::.rin.r.· t•::o conidir.>. in 

vc.rious stages of development. The coni~1ium on the 

extreme left is al.~j'ost mature. Gro· .. in.r.; on c. d.~ce.:vi.n;; 

leaf of Combretum caffrvm from the '1.'~LJ.mie River. 

l'.lounted in •,ro.ter. 

B. Tetracln.nhun r.tarchialo.nu.m. Abnormnl conidium from t he 

Baakens River.r.'iounted in w~ter. 

C . , D.&B . Tetracladium setigerum (Grove )In.n;old. Gro·.;ring on 

~ decayin~ leaf of 

I.Iaytem.~.s cymos'lS f rom the Hogsb:wk. 

C.&n. Branched conidiophores bearinf conidia in varicus 

stages of development. T.Tounted in a cid fuchsin r-tnd 

lactophenol. 

E. Liberated conidium. Mounted in w~ter. 
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Tetr~clad.i urn De 'YJ1ld. 

The following is a translation from the latin by 

De ~ildeman (lg94, cited i n Saccardo 1g99): 

Saprophytic, emerging from and embedded i n the 

plant ti ssue, m~lticellular: mycelium b r anched: 

fertile hyphae erect , branched wi th branches 

terminally, 2 or ~ small b r anches diver~ing, 

more or l ess sharply pointed at the ends: 

conidia arising from the wings of the small 

branches, oval, cylindrical or ~lobose . Closest 

t o the genus Titaeae. 

Tetracladi urn marchialanum De \h ld. 

(Pl. Vll l A and B) . 

"Submerged aquatic fungus with br a nched, septate 

mycelium. Conidl ophore sparingl y branched 

often wi th two conidia at different stages of 

development. Conidium ( aleurio spore) normally 

consisting of four diver gent branches 20-40 mu. 

long, 2-3 mu. broad and. of hro J more or less 

spherical knobs, 3-5 mu. broad, one situat ed just 

above the point from "~ATI-J.ich the four branches 

diverge, the other a shor t distance f rom thiB 

point on the upper side of one of these 

branches 11
• (Ingold 1942) . 

Abnormal spores of the type described by Ingold (1942 ) 

from cultures of the f ungus on malt a?ar have also been 

observed in water in which the f ungus was growing on 

decaying leaves: one of these is illustrated in 

(Pl. Vlll, B) . 

In addition to Ingold ' s record of Tetracladium 

marchialanum from England ( Ingold 1942) it has also been 

recorded recently from S\vi tzerland (Ingo ld 1949 ), from 

Sweden (Nil sson 195g and "'.Jhllen 195g) , from California 



B. 

1-!0 pm. 2·30 pm. 2·55 pm. 3·05 pm. 

B. 

4·05 pm. 5·05 pm. 5·00 pm. 5-40 pm. 

2~ 
B. B. B. 

6 ·25 pm. l·OOpm. 7·S0pm. 

B . 

8·25pm. 

Fig. I 2. 

Tetroc/adium morcholiunumae Spora d(fv<11opment. From 
. --~hid. 

o hanging -drop cultura of the fungus growing on o • 
d a c " y in 9 I c u f o f BfJ R u I us n i g r a. 
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(Ranzoni 1953), from Japan (Tubaki 1957), from Jamaica 

(nudson and In?o l d 1960) and from Rhooesia and Uganda 

( In§Wld 195~ ). This fungus bas been found o:ro1~ring on 

submerged leaf sk eletons of the exotic trees , Populus 

nigra and Quercus robur from the 9elmont Val l ey: 

Populus serotina and ~uercu s robur from the Hogsback: 

Salix babylonica from Port Elizabeth, of Combretum 

caffrum from the Tyumie Fiver a nd on soft but not sl imy 

leaf skeletons of the herb, Plect ranthus eckloni i f rom 

the Hogsback. Conid iophores of thi s fungus ~~rere observ-

ed to a rise more frequently from the mid-rib, l a teral 

veins and petiole of leaf skeletons than from the leaf 

margin. They were found in greatest abundance in March, 

July and August, the autumn and l~rj_nter months. 

Spore development bas been f ollowed in hanging drop 

cultures of the fungu s growing on decaying l eaves of 

Populus n igra ( Fig . 12). The spore primordium elongates 

and a small ap ical knob-like cell is cut off by a septum. 

A protruberance, which will form the second diverr-ent a rm 

on the second knob of the spore, appears just below this 

septum (Fig. 12 , d) . A second protruberance, which will 

form the t h ird divergent process, appears on the opposite 

side of the knob (Fig. 12, g ). On t he side of the first 

protruberance there appears a third protruberance 1.vhich 

will form the fo urth divergent arm (Fig. 12 ,h, B). The 

mature spore is f ormed by further ?rowth of its branches 

( Fig. 12,h-k , B) and i s liberated by the apparent dissol­

ution of the middle lamella of the ~~rall separating it 

from the conidiophore (Fig. 12,1). The development of a 

spore from the formation of the primordium to the l iber­

ation of the spore takes about nine to ten hours . 

Ingold (19)+2) noted that 11 while the developing spore 

is still young, usually when its first arm is be~inning 

to grow out, the conidiophore give s rise to a branch a 
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short distance below the first spore. This branch is 

soon cut off by a wall near its base ana is the primor­

dium of the new spore 11
• Then after the first spore is 

liberated "while the second spore is still developing a 

new hypha grows out from the stump from which the first 

has separated. This usually arises slightly to one side 

o f the stump. It is soon cut off by a cross wall and 

is the primordium of the third spore". Hov.rever, it v.ras 

found that, though a branch may be produced a short 

distance below a developin~ spore, it may alternatively 

be produced slightly to one side of a developing spore, 

while it is still young. In the material examined it 

was more usual for a spore primordium to be produced 

next to a young spure than for it not to be developed in 

this position until after the first spore was shed 

( Fig. 12, a, g, A) . 

The spores germinate readily on t1.vo per cent malt agar 

made with stream \<Tater a no_ pure cultures of the fungus 

have been isolated on this me~ium. 

teristics are given in Part 3. 

The cultural charac-

When strips of culture were transferred to sterile 

stream water, which was constantly aerated, spore primor­

dia were produced abundantly within eighteen hours and 

after twenty two hours mature spores had developed. This 

agrees with In~old 1 s observation (1942) that under these 

conditions conidiophores were produced abundantly within 

twenty four hours. 

Tetracladium setigerum (Grove) Ingold. 

(Pl. Vll l C, D and E). 

"Aq_uat ic fungus wi th branched septate mycelium. 

Conidium (aleuriospore) consisting of four 

divergent arms 20-40 mu. long, each tapering 

from 3 mu. near the central re~ion of the 

spore to 1 mu. near its tip, and of three 



I 0-40 &.1'11. I 2·3 0 P""'· 2·20 P""· 3·1 0 f.,.., · 4 ·35 )~"' . 

30 I 6 /' o. 

6'40p""' · lJ·30p ...... . 9 ·30()11\, 2 ·30p ...... 

I I 7/60. 
Fig./3.Tetrocladium 'setiserum[Grov~ lflgo/d . 

S()ore dr;ve/opment. From 

a hanging-drop culture of thfl fungus growing on 
o dczcoyinq leaf otPo(!_ u/us s e rafina. 
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elongated, parallel, finger-like processes, 12-

15 mu. long, 3-9 mu . broad t1rJ'o of which are in­

serted just above the point of diver~ence of the 

four arms and the third a short distance along 

one o f the arms 11 
• ( Ingold 19)+2) . 

In addition to this record of Tetracladium setigerum 

from England it has been recorded recently from California 

( Ranzoni 1953), from Switzerland (Ingold 19J-1-9) , from 

Sweden (Nilsson 1958 and Willen 1958), from Japan (Tubaki 

1957) , from Jamaica (Hudson and Ingo l d 1960) a nd from 

Uganda (Ingol d 1958) . This fungus has been found growing 

on submer ged leaf skeletons of the exotic tree , Populus 

serotina from the Hogsback and of the indigenous trees, 

Maytenus cymosus from the Hogsback and Rhus legati from 

Fern Kloof. C!nidiophores of this fun '!Us 1.rere found in 

collections intermittently throughout the year, but never 

in abundance . 

Spore development has been followed in a hanging drop 

culture of the fungus grol.ving on a decayin~ leaf of 

Maytenus cymosus (Fig. 13) and the pattern of development 

confirmed that deduced by Ingold (1942) from an examin­

ation of conidia at various staaes in their development . 

The first spore primordium is terminal on the conidiophore 

but, while this spore is still young, a short branch bear­

ing a sec ond primordium may be produced either beside the 

first spore or on a short branch which arises slightly 

below it. The primordium is cut off from the conidio­

phore by a aeptum and is in the form of a long, slightly 

s•.,ollen cell ( Fig. 1 ), a) . To\lrards the apex of this cell 

a septu~ forms cutting off a small apical cell (Fig. 13,c) 

which will give rise to two of the finger-like processes, 

and a large lor.rer cell, which is the f irst divergent arm . 

Soon afterTI\rards a small protruberance , which l~ill give. 

rise to the third finger-like process and one of the 
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divergent arms, appears slightly below and to one side 

of the septum (Fig. l),d). As it grows , this process 

bends upwards , more or less parallel with the small 

apical cell, which is also elon~ating. T~e apical cell 

becomes constricted about half way alon? its length and a 

septum is formed at this level. Shortly afterwards 

slightly below this septum t:1ere appears a protruberance, 

which becomes the second fin~er-like process (Fig. 13, g) . 

While the first finq;er-like process is elongat ing, a 

protruberance, 1111hich Will form the third divergent arm, 

appears slightly b elo1nr the septum cutting off the first 

process and on the side away from the third process (Fig. 

13,f). A protruberance which will form the fourth 

divergent arm appears at the same level as the third but 

between it and the third finger-like process (Fig. 13,h). 

Shortly after this, on the third finger-like process 

about half v.ray along its len~ th on the side away from the 

other two, there appears a protruberance which wil l form 

the second diver~ent arm (Fi?-. 13,h). A septum f orms 

jus t above this protruberance across the third fin~er­

like process , which like the other fin~er-like processes 

may become further septate above the points of branching 

(Fig . 13,i). Liberation of the spore seems to take 

place, as in Tetracladium mB.rchialanum, by solution of the 

middle lamella of the septum separatin~ the spore from the 

conidiophore. 
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Articulospora Ingold. 

11 Aqua tic fungi ~.vi th b r anched , septate mycelium. 

Conidiophores and conidia (aleuriospores) 

produced below water. Conidium of four long 

divergent arms w·hich C'.evelop in succession. 

There is a constriction where each of the 

three later-formed arms joins the first formed 

arm of the spore 11
• (Ingold 191+2). 

Articulospora tetracladia Ingold. 

(Pl. lX, A, B). 

"Submerged aquatic fungus '!llri th branched , 

septate hyaline mycelium. Conidium 

(aleuriospore) hyaline, of four divergent 

arms: the first formed arm 20- 35 mu . long, 

3 mu . broad , 1-2 septate, the other three arms 

36-75 mu. long, 3 mu. broad, 1-3 septate, each 

l..ri th a narroTN' constriction or isthmus, where 

it joins the short arm. In the formation of 

the spore the four arms arise in succession. 

Conidiophore simple or h r anched, producing 

spores from its apex (or apices) in succes s ion, 

not basipetal but side by side. 

On decaving leaves of Alnus glutinosa . -

from a stream in Leic es tershire, England 11
• 

(Ingold 19)_~2). 

Other records of Articulospora tetracl adia are from 

California (Ranzoni 19 S3 ), f ro m Switzerland ( Ingold 1949), 

from S1.reden ( Nilsson 195~), from Japan ( Tubaki 1957), 

from Jamaica (Hudson and Ingo l d 1960) and Uganda ( I ngold 

195~). This fungus has been found abundantly through-

out the year on submerged leaf skeletons of the indigen­

ous trees, Rhu s legati from fern Kloof and Ho-t ... riesons 

Poort: Podocarpus latifolius, Celtis africana and 
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Fig./4 Ar tie ulosp_oro tetroc /od/Q In gcd.J. Spore de vc lopml!n t. From 
o h on g i nq -drop c u It u r o of t he fungus grow 1 n g on o 

d r;co; ino leaf o t Celtis otricono 
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Rapanea melanophloeos from Paradise Kloof: Celtis 

africana, Rhus leqati, Maytenus cymosus and Royena 

lucida from the Hogsback: of t}1e exot ic trees Populus 

serotina ana. G;uercus robur from the Hogsback: of Rubus 

~. from the Ho~sback and of the scrambling herb Urtica 

~· from Fern Kloof. 1'he c onidiopho:res 1~rere found to 

arise more abundantly f~om the mid-rib, lateral veins and 

petioles than from the margins of the decaying leaves. 

Spore development was followed in hanging drop cultur­

es of the fungus gro1~ring on decaying leaves of Celtis 

africana (Fig. 14). The spore primordium develops as an 

outgro"~Arth from the tip of the conidiophore and is cut off 

from the conidiophore by a septum. It then elongates and 

becomes constricted a short distance below its apex 

(Fig. 14, i). The portion belOlflJ the cons trio tion is the 

first arm and the portion above the constriction will 

form the second arm. Soon afterwa~ds on the side of the 

first arm just helow the constriction there appears a 

protruberance, 1.vhich is constricted at its base and 1,vill 

form the third arm ( Fi~. ll+, j). The fourth arm develops 

from a second protruberanc e, to.rhich appears to one side 

of the third arm just below the constriction between the 

first and second arms (Fig. ll+,l). ~.\Then the spore is 

mature, it is liberated by s~aration alon~ the middle 

lamella of the septum between t he spore and the conidio-

pho r e (Fig. 14, g,n , ). The development of a spore under 

l aboratory conditions, from the formation of the primor­

dium to the liberation of the _spore may take up to 

twenty two hours. Thi s confirms the account of spore 

development by Ingold (1942) . Spores with only three 

arms are sometimes developed (Fig. 14,g) . Before the 

spore has completed its development, at one side of it 

on the end of the conidiophore , an new spore primordium 

is developed or an out ~ror·rth pr oduced 1-.rhich elonga tes 

and is di vio.ed by a septum in t o a spore primordium and a 
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conidiophore cell. 

The spores q:ermina t e reao.ily in r~ra t er ana. on two per 

cent malt a~ar. A spore f?:errninat ing in r~rater was found 

in which two of the ~erm tub~s had developed into conid-

iophores bearinq conidia (Pl . lX,B). These conidia 

were much smaller than those produced in the normal way. 

Several isolations of this fun~us have been wade and 

the cultural characteristics are given in Part 3. When 

strips of the culture growing on malt agar, were immersed 

in water conidiophores were produced in abundance within 

twenty four to thirty three hours under laboratory con­

ditions. The conidia produced agree with those formed 

by the f ungus growing on leaves . 

confirm those of Ingold (1942) . 

These observations 

Articulospora grandis n.sp . 

(Pl. lX, C and D). 

Submerged aq.uatic fungus t•rith branched, septate, 

hyaline mycelium. Coni diophore hyaline, sim:~Jle . 

Conidia ( aleuriospores) produced in basipetal 

s uccess ion , hyal ine, of four diver~ent arms: 

the first formed arm is 66-~7 mu. long: 6-9 mu . 

broad at the base, 0. 4 mu . broader at the jun­

ction with the other arms: 3-7 septate: the 

other three arms 55-100 mu . lon?, 9-11 mu. 

broad at the base tapering to 5-7 mu. broad 

at the distal ends: 3-7 septat e : each con­

stricted, where it joins the first formed arm . 

In the formation of the spore the four arms 

arise in succession. 

Hab . On submerged. decaying 1 eaves from 

s treams in the Eastern Cape Province of 

South Africa. 



Articulospora grandis sp. nov. 

Fungus aQuaticus, submersus, mycelia ramoso 

septate, hyaline. Conidiophora hvalina, 

simplicia. Conidia (aleuriosporae) continua, 

exeodem loco deinceps enorientia, hyalina, 

quadr iradiata, quattuor radiis diversis. Radius 

primarius 66-S7 mu . longus, parte inferiore ad 

6-9 mu. latus, parte superiore ad 0.4 mu. latior, 

3-7 septatus . Radii ceteri 55-100 mu. longi, 

parte inferiore ad 9-11 mu , lati, ad apicem ad 

5-7 mu. attenuati , 3-7 septat~, unusquisque 

constrictus ub i radio primario conjungitur. In 

sporo forman 4 o QUattuor illi radii continui 

deinceps evolvuntur . 

Hab. In foliis putrescentibus, in fluminibus 

in orientale parte Capicae Provinciae Africae 

Australis submersis . 

Articulospora g randis was found throughout the year 

but l,;as most abund.ant in the summer months, November and 

December, on submerged decaying leaves of Celtis africana 

and Podocarpus latifolius from Paradise Kloof and of 

Rapanea melanophloeos from Paradise Kloof and Howiesons 

Poort. I'~1e conidiophore~ in the material collected were 

produced on the mid rib and l ateral veins of the decaying 

leaves. 

rhis fungus agrees with the general description of the 

genus Articulospora (Ingol d 1942 ) but di ff ers from the 

described species . The spores are larger than those of 

Articulospora tetracl adia and are produced in basipetal 

succession in this fung:us and side hy side from the end 

of the conidiophore in A. tetracladia . Although the 

lengths of the arms of the spores of A. grandis corr espond 

to those of Art iculospora infl a t a , the arms are much 

broader than those of A. inflata , 9- 11 mu. broad at the 



TABLE 4. TABLE OF COMPARI SON OF ARTICULOSPORA SPP . 

Articulo spora spp . main arm s ec o ndary laterRl arms . Remark s. - --

lf'ng t b. in ~ridth in infl8.t ed. len go th in wi dt h in c onstric ted 
mu . mu. a t ap ex mu. mu . a t base. -

A. t etracladia 20-35 3 not )6-75 3 It 
spor e s p ronuc ed sid e 
by sio.e on conidi oph -
ore . 
additi onal terti a ry 

A. angulata 20-25 2. 5-)~ ... 0 no t 1 0-12 2 . S-4. 0 ,, a r ms. 

A. moniJ i f o rma 13-16 2. 5-4.0 n ot 10-16 3-1.~ ,, l a t er a l arms ob c l ava te 

A. rrr an dis 66-g 7 6-9 not 55-100 9-11 spor es proctuced in basi 
II pe t al successi on. 

A. i nflata 50-70 3-'+ 50-1 ?. 0 3-)+ 2nd formed sp ores solit a r y , 
arm n ot c . 
at bas e . 

A.sp.(unid entifi ed) 97 7.5 ll9-lb7 ~ 
v 

11 spores s olita ry. 
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base and 5-7 mu. hroacl at the dis tal ends in the former as 

compared with 3-4 mu. in the latter (see Table 4). 

Further the second arm is constricted at the base in this 

fungus but not in A. inflata. The spores of A. grandis 

differ from those of Articulospora rnoniliforma Ranzoni in 

that they are much l arger and the arms of the spore do 

not taper to a point at their distal ends as they do in 

the latter. Professor C. T. Ingold has , in a private 

communication , expressed the opinion that the spores of a 

fungus found by him in Rhod.esia belong to this species. 

They are, ho1~rever, some1..rhat smaller than those of this 

species described above . 

Spore development has been followed in hanging drop 

cultures of the fungis ~r01r1ing on a decaying leaf of 

Celtis africana (Fig . 15). The spore primordium is cut 

off from the conidiophore by a septum (Fig . lS,e). It is 

a long cell approximately the same width as the conidio­

phore. The primordium elongates and becomes constricted 

a short distance below the apex . A septum is formed in 

thi s region cuttin~ off the primordium of the second. arm 

(Fig. 15, g ). fl protruberance, ;.rhich will form the third 

arm , appears just below and to one side of the septum. 

As the protruberanc e grows out, it becomes constricted 

at its base and a septum forms across this constriction 

( Fig. 15,h). A second p ro truberance, which will f orm 

the fourth arm, appears below and to one side of the 

second arm but on the opposite side to the first protrub­

erance (Fig. 1 ~ ). This ber.omes constricted at the base 

and cut off by a septum which forms across the isthmus 

(Fig , 15,k) . The fo ur arms of t he spore are now delim-

ited about forty hours after the primordium was cut off 

from the conidiophore. The arms continue to increase in 

length and width, with the constriction at the bases of 

t he second, third and fourth arms becoming more marked. 

The arms become constricted at intervals along their 





length and septa start to form across these constrictions 

(Fig. 15, k . l) . The spore is then liberated by the 

rounding off' of the tip o7: the conidiophore and of the 

basal end of the first arm sixty six hours after the 

f o rmation of t he primor~ium~ After the spore has been 

liberated septum formation and increas e in size continue 

( Fig. 15 , m) . The co nidiophore elon~ates and another 

spore primordium is cut off but , unlike Tricladium 

splendens, no cells are added to the conidiophore. The 

spores ~erminate on two per cent mal t agar. 

Articulospora sp. ( Fi g . 1 6). 

A fev.r conidiophores and conidia were found 1,1rhich 

agreed with the general description of the genus 

Articulospora (Ingold 19 1-~ 2) but which did not seem to fit 

any of the described species, or the new species 

Articulospora grandis . The fungus was growing on leaf 

skeletons of Populus serotina from the HOgsback. 

In one specimen the conidiophore ,..ras very long, 500 

mu . long, 5 mu. broad and unbranched. The a r m attached 

to the conidiophore was 97 IT.u. long , 7. 5 mu. broad and 

s l ightl y inflated in the re~ion of its junction with the 

other arms, ll mu. broad . The three lat eral arms r,.rere 

119---167 mu . lonr.- and 6 mu . broad. at the base tapering 

slifrhtly towards the distal ends . The arm in l i ne with 

the main arm was hardly, if at all , constricted at the 

hase , !•Jhil e th.e other t'.~O arms l.vere slightly const ricted 

at the base. For a com!jarison of t he meas urements with 

those of the other species see t he table of comparison of 

the species (Table 4) o ~ Art iculospora . 
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A. 

lO~. 

B. 

Al atos_Jora acumin~ta Inpold . 

A . Br::mched conidio_phore wit:1 ·'; :o phialides each he -:-.rinp; 

a conir.ium . The c onidium on the ri; ht is 'l.lr!lost me-tP.re. 

Gro,vinr; on 'l. de c ".yin.~ le:1i' of L·?.ytenus cymosus .::·rom 

the Ho.~sback . ~ ount0d in \t:.: ter. 

B. Coni dirt in VJ.riouo s ta,::-;eo of deve l opment . Gro'· in . on 

n dec~t.~·ine; le '.l of Co1ubretun c :<ffrum from the TyUJ,Jie 

River . Mounted in \:Y:l.tcr. 



Alatospora Ingold. 

"Submerged aquatic fungi with branched, septate 

mycelium. Conidium (phialospore) consisting 

of four arms diverging from a common point. 

The development indicates that the spore con­

sists of a curved main axis (forming two of 

the arms) anc two laterals inserted at about 

70. 

the middle point of this axis 11
• ( Ingold 1942) • 

Alatospora acuminata Ingold. 

(Pl. X). 

11 SubmerfSed aquatic fun crus TtJi th branched, septate 

myceli urn. Conidiophore us ually unbranched 

consisting of a single phialide 10-20 mu. long, 

2-3 mu. b road, but often branched producing a 

gro up of two to four phial ides. Conidium 

( phialospore) unicellular, hyaline, consisting 

of four divergent and approximately equal arms, 

15-35 mu. long , 1.5-2.5 mu. broad, tapering 

to\lrards t heir apices. Conidia produced in 

basipetal succession from the phialide. 

On decayin~ leaves of Alnus glutinosa and 

Salix sp. from a s tream in Leicestershire, 

EnQ'land" •. . ( In?:'Old 191+2 ). 

Other records of M.atospora acuminata are from 

Switzerland (In~old 1949 ), from STrJeden (Nilsson 1958), 

from ·.Jalifornia (Ranzoni 1953 ), from Japan ( Tubaki 1957), 

from Jamaica ( Hu,'1son and Ingold 1960) and from Rhodesia 

and Uganda (Ingold 1958). This fungus has been found 

growing on submerged decaying leaves of the exotic trees, 

Populus serot ina , Quercus robur , Eucalyptus globulus and 

Acacia sp . from the 3ogsback and of the indigenous trees 

and shrubs , Buddle ja sal vifolia, Celti s africana, Grewia 

occidentalis, Maytenus cymosus, Calodendrum capensis and 



100 r· .... · 3·15 f""' 4·25 r·I'W\· 5·40 ?·""· 6·30 r·""· 
30/6/60. 

9·10p:..... 9 ·00 \'·M . 

31/6/60. 

Figl7 AlotosP._ora ocumino(a Ingold Spore deva!opment. From 

honging~drop culture ot the fun9us 

growing on a decaying lrzof of May_tflnus fy_mosus . 
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Pod.ocarpus lat ifolius from the Hogsback: Rhus legati, 

Rapanea melanophloeos, Burchellia bubalina and Ficus 

capensis from Ho\lriesons Poort: Celtis africana from 

Paradise Kloof and Combretum caffrum from the Tyu~ie 

River and of Rubus sp. and Polystichum sp. and on a de­

caying fruit of Acacia sp . from the Hogsback. Conidio­

phor es of this fungus were found to arise most commonly 

from the margins of the decaying l9aves. Alatospora 

acuminata was found abundantly durin? the autumn and 

winter months, March to August, decreased in abundance 

in the spring months, September and October, and was 

absent during the summer months, November to March. 

Spores with five arms have been found to be produced, 

though not freauently, by this fungus growing on 

Maytenus cymosus. 

Spore development has been followed in hanging drop 

cultures of the fungus growing on a decaying leaf of 

Maytenus cymosus (Fig. 17). The spore primordium grows 

' out from the apex of the phialide as a straight hypha 

which bends over near its tip. Tr~ro bulp:es appear 

simultaneously close toge ther on the convex curve of the 

hypha. These two bulges elongate to f J rm two arms of 

the spore. This confirms the observations of Ingold 

( 1942) . The spores o-erminate on tTJI!O per cent malt agar 

but attempts to obtRin the fungus in culture have so far 

been unsuccessful. 

11 Y-shaped 11 spore . ( Fig . l g), 

Unidentified Y-shaped spores were found in water from 

the Blaaur111krantz River , Tzitzikamma Mountains , in Decem­

ber and from the streamlet in Fernkloof in March. The 

tail of the Y is 22 mR x 2-2.5 mu. and the arms are lg rnu. 

x 2-2 . 5 mu. 



T_ris_cel_o.:n!'.C'PlS __ :m.<?P.2..S.T,Jo_rus Jn.'~Ol!: . Thre ~ conj dion.l-J.orf's 

hertr:i.nrr coni ni., in V'Lr iovs 

sta.' es of development. 'Phe conidium in the centre is 

alr.1ost m8.tllre. Growinr. on a decc.;ving lec.f of P_o_n~:.~1~:s. 

n_irr~ from the TJ:}lmont Valley. llounted in w-:.ter. 

7 4 • 
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Triscelophorus Ingold. 

11 Submerged aqua tic fungi with branched, septate 

mycelium. Conidia (al~uriospores) terminal, 

branched, consisting of: (1) an elongated main 

axis continuous with the conidiophore, and (2) 

elongated secondary ramuli forming a whorl of 

three branches arising from the lower part of 

the main axis 11 • (Ingold 191+3). 

Triscelophorus monosporus Ingold. 

(Pl. Xl). 

11 Submerged aquatic fungus ltrith branched, septate, 

mycelium. Conidiophore hyaline, simple, 

s trai qht, 15-45 mu. long, 1.5 mu. broad pro­

ducing a si ngle terminal conidium. Conidia 

(al euriospores) hyaline, b ranched, aseptate 

(or with a single septum in the main axis just 

above the point of ori ~in of the lateral bran­

ches ): main axis continuous with the conidio­

phore, 5 0-70 mu . l~n~ , '-~-5 mu. b road (at a 

distance of 3-5 mu. from the base) tapering to 

1. 5 mu . at the truncate ba.se : secondary ramuli 

in a whorl of three, arising at a distance of 

3-5 mu. from the base of the main axis, 40-50 

mu. long, 2 . 0-2 . 5 mu. b road near the base 

tapering to 1. 5 mu. at the apex, base abrupt l y 

constricted to 1 mu . 

On a submerged decay ing leaf from the river 

Loddon near Readin :,: , : n <?;landrr . (Ingo ld 1943) . 

Other records of Triscelop.horus monosporus are from 

Sweden (Nilsson 1958), from 'Jalifornia (Ra.nzoni 1953), 

from Japan (Tubaki 1957), from Jamaica (Hudson and Ingold 

1960), from Nigeria (Ingold 1956), from Ghana (Dixon 1959) 
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Fig.!9.Tr/scC!Iophorus monosporus Ingold. Spo r eda v elopment . 

F r o m a h an g in g - d r o p c u I t u r e of f h e fun 9 us g r o wing 
Q/1 o decoying leaf otMoy_tenus f_y_mosus . 
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and from Rhodesia and U~anda (Ingold 195~) . This fungus 

has been found gr o,,ring on s ubmer ged decaying leaves of 

the exotic trees, Populus serotina , Eucalyptus globulus a 

and Acacia sp, from the Ho.g:-sback: Populus nig-ra from the 

Belmont Vall ey and Popul us sp . and Quercus robur from 

Orinway: of the indigenous trees , Combretum caffrum 

from the Tyumie River : Podocarpus latifolius from the 

Hogsback , Rhus legati, Ra·aanea melanophloeos, 

Burchellia bubalina and Harpephyllum caffrum from How­

iesons Poort and un decaying fruit s of Acacia BJ2, from 

the Hogsback . The coni diophores are mo st fr eq_uently 

found on the marqins of leaves which are not fully skele-,_ 

tonis ed. They are fai rl y abundant during the autumn 

and 1~rint er months , March to August, but are rare or ab-

sent during t he sprin~ and summer months , September to 

February, 

Spore development has been fo l l owed in banging drop 

cultures of the fungus growing on a deoaying leaf of 

Rhus legati ( Fig. 19). The spore primordium starts as 

a swelling at t he tip of t~e conidiophore . The s~elling 

enlarges and becomes differentiated into a wider lower 

portion and a sl i ghtly nar rower upper porti on (Fig . 19, 

a). These t wo par t s become separ ated by a septum . 

From the middle of the lo,.ver portion a protruberance 

appears and grows out wards to fo~m one of the three 

la teral branc hes ( Fig . 19, b). The upper part of the 

spore continues to elongate. A second protruberance, 

which will form the second. lat eral arm, arises at the 

same level but at an angle of abo ut 12 0° from the first 

(Fig. 19, f ) .. At aJ_1out this s tage in its development 

the spore is cut off by a septum . The third l ateral 
0 

branch arises as a protruh erance at angles of 120 from 

both of the other branches. The spor e increases i n 

size and is liberated , when fully grown, by the 

separation of the middle lamella of the cross wall 
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between the spore and the conidiophore (Fig. 19,o). 

This confirms the account given by In~old (1943) except 

that he found that the spore primordium was cut off from 

the conidiophore early in it s development, whereas it 

1~ould appear that the septum is not necessarily formed 

until after the second of t he three lateral branches 

has been formed. 
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A. 

B. G. 

A. Lemonnier2. :::.g_uc.tic3. De .. 'ild . Branched conidionhore. 

PhiaJ ides bec.rin,-· con.icha in 

various stap;es of develol?ment. Gro·. ;inr; on a decr.~rjn ,n: 

le<::.f oi Po nul us serotino. from the Hogsb<?.ck. 

Mounted in ~cid fuchsin and lactophenol. 

n . h.C. :Ger.1on~~~!~_l?r::.chycladia Inc;ol d. 1L'·:1o conichonhores 

Yv'i t'1 :phio.lides be~.rinp- coni.Gi::-­

in vnriou:::. .:::;to.fec of d. :velournent . Gro·::ing on o. 

dec::tying le2.f of Cel ~2--~- P.fric~nB: from the Ho r··sb::lCk. 

Mounted in ~ater. 



Lemonniera ::Je ··Jild. 

The following is a translation from the latin 

description by De ~/ildeman ( 1Ei94, cited in Saccardo 

1S99) : 

Saprophytic, with multicellular mycelium 

emerging from and embedded in plant tissue: 

fertile hyphae erect, multicellular , branched, 

bearing q_uadriradia t e conidia from the apex. 

Lemonniera aquatica De Wild. 

(Pl. Xll , A) . 

so. 

"Submerged. aquatic fungus 'N'ith brBnched, septate 

mycelium : conidiophore consisting of a straight 

unbranc hed port ion 111T~1 ic1J. b ranches near its fr~e 

end to f orm a g;roup of two to ei~ht phi8lides. 

Ea.ch phialide produces conidia (phialospores) 

in basipetal succession. Conidium consisting 

of four long di ver~en t arms (which usually 

become septate), 20- 70 mu . +ong, 1-4 mu. broad, 

and inserted on the phiali de at the point of 

divergence of the four arms of the spore " . 

(Ingold 1942). 

The recent records of Lemonniera aquatica are from 

England (Ingold 191+2), f rom . StATi t zerland (Ingold 19~-9), 

from Sweden (Kilsson 1956 and Willen 195S), from Germany 

(Klotter 1955 cited in Willen 195S), from California 

( Ranzoni 1 S5 3) and from Japan ( Tubaki 1957 ) . This 

fungus 1.vas found growi ng on sD."<JmerteCl. skeletonised leaves 

of the exotic tree, Pooulus serotina , and of the 

indigenous tre es, Xymalos monospora and ~~!aytenus cymosus, 

from the ?.ogsback. Tl-:le coniL.ophores are produced at 

right angles to the main veins of the 3ecayin~ leaf. 

They were pres ent in col -: ec t ions from April to Augt~st 
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A. 8. 

Fig2/.A. Lemonniero q_quattco De Wild. Conidiophore growing 

from o decoying lear of 2.Qaulus 

11.igro var itolico from the liogsback. 

13. Lemonniero brochy_c/odio Ingold. Conidiophore 

growing from o decaying 

/(]of of Celt is afric ono from tha Hogsback. 

A and 13 mounted in wota r. 

82. 



but only showed abundance durinf' Au.c!ust . 

::;pore development has been 'i'ollo1,red in hanging drop 

cultures of the fungus growin~ on a decaying l eaf of 

Pooulus serotina (Fig. 20) . The spore primordil~ 

starts development as a small swellin§': .qt the end of the 

phialide (Fi~. 20,d ). This swelling enlar~es (Fig. 20, 

a) . becomes tetrahedral (Fj_g. 20,b, c ) and the four arms 

grow out simul taneously from the corners of the tetra­

hedron (Fig. 20,d) . When t~e spor e is fully developed, 

a line of c l eava-ge forms sepctratinp.- it from the phialide 

and it is soon li~erated . J~s~ before (Fi~. 20,j) or 

just after (Fi~. 20,f) liberation the arms of the spore 

become septate. I~~ediately after the spore has been 

li1-, erated a ne1.v spore primore.ium is formed from the tip 

of the phialide (Fif-. 29,~) . This account of spore 

development confirms thPt of Ingold (lg42). 

Lemonniera brachycladia In~old. 

(?1. Xll B & C)(Fig. 21) . 

The follo1.rin~ is a translation from the latin descrip­

tion by Ingold (195g): 

Submerged aQuat ic fun?us , mycelium branched, 

septate , hyaline at firs t, later brown. 

Conidiophores hyaline , septate, ending in one 

or more phial ides. Conidi urn ( phialo spore) 

hyaline, consisting of four equal diverging 

branches arisin~ f r om the first formed central 

portion. Each branch 15-~0 mu. long , 4-~ mu. 

broad near the base nar~owin~ to 3 mu . at the 

apex, mostly s eptate, :r.arel :r uniseptate. 

Hab. On decay int!. leaves of Alnus glutinosa 

etc . in runnin~ streams, Ioe Hill, Kent, 

England. 
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Lemonniera brachycladia ~ras found ~rowing on submerged 

leaf skeletons of the exotic tree, Populus serotina, and 

of the indigenous trees and shrubs, Rhus legati, 

Calodendrum capensis and Buddl eja salvifolia from the 

Hogsback. This fungus, like Lemonniera aquatica, bears 

its conidiophores projecting from the main veins of the 

decaying leaf and produced its conidia during the 1~nter 

months, March to August , and most abundantly dur ing 

Au~ust . 
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C~mpylo spora Ran zoni. 

11 Submerged aquatic fu.nr·i with b r anched, septate>9,. 

mycelium . Aleurios·oores s eptate , colourless, 

asymmetric , c ansi sting: of A basal cell 1•'i th two 

divergent appendages ani a l ate:ral b ranch '~ith 

tl'ITO divergent appendac-es 11
• (f.lanzoni 1?'53). 

Campylospora chaetocladia Ranzoni . 

( Fig; . 22) • 

11 Submerti'ed aq,uat i c fungus u.rith branched, septate , 

colourless mycelium. 1\l euriophores co lour+. ess , 

unbranched. , 10~20 n:u . long , 2-2 . 1:) mu. broad. 

Aleuriosp ores colourless, terminal, mul tic ellu~ 

l ar , each consisting o f a basal cell ~ . S-12 mu. 

v..ride , 10-14 mu. lonr: , with t1,rQ di ver~ent appen­

dages of approximat~ly the same length, ?5~50 

mu . lon <; , 6-3 mu. ~ride ':lt the point of attach­

ment to the basal cell and taperin~ to about 

l. ~; mu . at the tips : r.nd a lateral branch 10-

2S mu. long attached perpendicularly to the 

transverse axis of the aleuriospor e and bearing 

a t each end an appenda~e similar in appearance 

to those on the bas<U cell. Al euriospores 

produced i n succession :)ut not b~sipetall~' . 

Hab . On decaying su~mer~ed leaves of Acer sp . 

in a stream in Sonoma County, California". 

( Ranzoni 19~ 3) . 

In addition to this recorG of Campylospora 

cbaetoclad ia f ro m C~lifornia it has been recorded from 

J amaica ( Hud son a nd Ingold 1960), fro m Ni?eria ( In~old 

1956), from Ghana ( Dixon 19S9 ) a nd from Rhodesia and 

Uganda (In?old 195~ ). Soares of this fung u s have 

been found associated wi th decayincr leaves from a stream 



in the upper natural forest at the Hogsback. The 

spores were nev er abundant but 1ttrere found most fre ~·uen tly 

in April 1961. 



4. A KEY TO THE 30UT~ AFRICAN SPECIES OF 

A~.UATI C HYP~~Oiv:-tCETES. 

This key is merely intended as a guide to the identi-

fication of those aqua tic :i.y-~homycet es described in this 

thesis . It is probable t .b.at the key r epresents only a 

small number of the fun~i of this type l•'hich occur in 

South Africa . Articulospora infla ta is incl ud.ed in the 

key as sp ores have been found which mi rrht have 1,elonn:-ec1 

to this fungus . 

l. Spores branched ....... .... . ...... ... . .. .. ........• ( 7) 

Spores unbrancheo ......................... . ...... .. ( 2) 

2. Spores ere s cent-shaped .. . . • Lunulospo-rA. curvula . 

Spores not crerc ent-shaped .. ... ...............•..• ( 3) 

3. Spores unicellular or bicellulB.r: phis.lospores •••• ( 4) 

Spores multiseptate: aleuriospores . ...........•.• (5) 

4. Spores 1 es s than 60 mu. long . . .... .. .. . .. ....... . 

. . . . . . . . . . . . . . . . . . . . . . . Flar:ellospora penicillioicl.es . 

Spores greater than 100 mu. lonq . ... ...... ..•• .. .• 

. . . . . . . . . . . . . . . . . . . . . . . Fla~ · el_ lospora curvula. 

5. Spores ~~6 mu. broRc. in :niJdle reP'ion tapering to-

l·raras both ends: no :pro j ection at the bRse .. . .. . 

. . . . . . . . . . . . . . . . . . . . . . . AJ:_!guillo s-o ora lon9'i ssima . 

? rejection Rt base of spore .... ...... ..... .. .. . .. (f)) 

6. Spores "3 . ~ mu . b road tapering slightly at the 

apex only .... .......... 1m~uillospora filiformis . 

Spores 6 mu . b road in the middle r ef-iOn tapering 

rapidly to 1. 5 mu . at the 0.pex ana. g radually t o 

4. 5 mu. ~t the end near t he projection . ... .. . . .. . 

. . . . . . . . . . . . . . . . . . . . . . . . Arl~Uillocpora sp . 

7 c. h d u ~ · · d 11 t · . ...pores y~s ape . .. ... ..• 1.- snape spo re ype 

Spores not as above ........ ........ ....... .. . ... • ( ~ ) 



8. Spores c onsisting of a main axis with. two 

branches ariein~ at dif; erent levels ...... ..• .• • (9) 

Spores not .!lS ab ove .•.•.. . . . .. . . .. ... .... . . .... (10) 

9 . Main axis 6-7 mu . broad at r~ridest ·9art .. .. . .. . • 

.. .. . . . . . . . . .. . . . . . . . . . • Tricladium splendens. 

Ha i n ax is ) . 0-~.r:; mu. broad at •,ri0.est part ..... 

.. . .. .. . . . .. .. .. .. .. .. .• Tr i c ladium ~raci l e. 

10. Spore consisting: of a clavate .9or-tion from which 

branches arise at the b:r·oac1_ end . . .. . . ..... . .••• ( ll) 

Spore no t as above ....... . ...... .... . .... . .. ... (12) 

11 . Clqvate part of spore 30-~0 mu . long . . . .. . ... . . 

. . . . . .. . . . . . . . . . . . . . . .. Clavariopsis a auatica . 

Clavate part of spore 10-20 mu . long . .. .. .. .. . . 

. . . . . . . . . . . . . . . . . . . . . . • Heliscus longib r achiatus . 

1 2 . Spore asymmetric , consi sting of a basal cell r~rith 

two divergent appendages anc a lateral branch 

~ith two divergent appendages . ... . . . ........ .• • 

. . . . . . . . . . . . . . . . . . . . . . Campylospora chaetocladia. 

S·0ores not as above .. .. .. .. .. ..... .. . ..... . .... ( 13) 

13. Spore wi th branches of more than one type . . . .•• (l4) 

Spor e r~ri th brqnches all of one type .. . ... . ..• • . (15 ) 

14. Spore consisting of four divergent Arms and 

three fin~er-l ike processes ..... . . .. . .... . .. .. • 

. . . . . . . . . . . . . . . . . . . . . • Te tr.n.cladi urn set igerum . 

Spore of four divergent branches and. t•.vo mor e or 

less spherical knobs . . Tetracladium marchialanum . 

15 . Spore 1i1Ti th one of the a rms bearing the other 

three arms at its apex . . ..... .. ..... ..... .. .. . . (16) 

Spore not as above . •...• . • .. .. . . . . .... . ..... . •• ( 19) 

16. Arm bearing the other three arms , infl ated 

n ear its ap ex . ... . . . ... . .. . .. .. . ... .... . .. .. .. • ( l 7) 

Arm bearing the other three arms not inflated 

at its apex , .. .. .. . . ~ . . • . . .. ... . .. .. . .... . . •• •• (18) 

17. fi rms of spore 3-J~ mu. broad . . . ... .. .. .. .. .. .. .•• 

. . . . . . . .... .. . . . . . ..•• Articulospora inflata . 



Arms of spore 6-7.5 mu. broad ................•• 

. . . . . . . . . . . . . . . . . . . . . • • Articulospora sp. 

1~. 3 ranches of spore :.h-75 mu. long, 3 mu. broad 

spores produced side by si de at the apex of the 

conidiophore . . . ....•... l\rt iculo spora tetracladia. 

Branches of spore 55-100 mu. long, 9-ll mu. 

broad at the base : spores produced sin~ly from 

the apex of the conidiophore .. . . . ......... . ...• 

. . . . .. . . . . . . . . . . . . . . . .. Articulo spora ~randis. 

19. Spore consi s tinfr of a curved axis bear in<!. a pair 

of opposite arms ....... A1atospora acuminata. 

90. 

Spores not as above .. . ......................... ( 20) 

20. Spore consisting of a. bicellular main axis 

somewhat S111TOl1en at the base bearing a whorl 

of three branches at the 111Tidest part .......... . 

. . . . . . . . . . . . . . . . . . . . . • Triscelophorus monosporus. 

Spores not as above ........ ........ . . .... . . .. .. ( 21) 

21. Arms of spore with parallel sides ............. . 

. . . .. .. .. . . . . . . . ... . . L :~onniera aouatica. 

Arms of spore with sides conve~gin~ tow~rds 

the fre J ends . ...... • Lemonniera brachycladia . 



H
 

H
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ECOLO~ICAL 0!32ERV .i\TIONS. 

fm investigation has been !'!lade of decayinf! plant 

material from streams , stap-nant pool s i n dry river beets, 

ponds and dams . The F.tqL~Fl t ic Hyphomyc etes described in 

this thesis were found in streams but not in any of the 

other habitats. The on1_y s tream si te in 1~hich they '~~~'ere 

not found was the Blaauwkrantz River, a mile or tw·o be-

low the outflow of the sev.ra7e efnuent into the s tream • 

.i\ bact er i al coun t was mac_e at thi s site and it was found 

to be considerably hi ghe r t han counts at sites in 1r.rhich 

these fungi flourish. As conidial production in these 

fungi has been observed to be most abundant on leaf 

skeletons which are free from bacteria, it seems probable 

that the l arge b a c terial population at this point in this 

st r eam may be responsib l e f or these aquatic Hyphomycetes 

being: absent from en o tllerwlse appar ently suitable site . 

The fall in the production of conidia by the fun~i on 

leaves kept in the laboratory, particularly , ~.rhen they 

were in unaerated water was accompan ied by an increase 

in the bacterial population. It would therefore appear 

that the re-3-so n for these ftu1 ':-i showing a preference for 

well aerated r unninQ' T''8.ter is in part due t o the be cterial 

pop ulation being smal l er than in poorly aerated stagnan t 

water. 

The pH of the ~...rat er of most of the streams , where 

these funrri have been col ,_ ected, has been measured and i s 

on an average about 7. 0. Table S shows the variation in 

pH during t he year April 1960- April 1961. It r,rill be 

seen that the lowes t pH, 6. 0 , vras recorded from the 

stream in the oak plantation at the Ho gsback in April 

but that d uring the other months dur in~ ~~rhich the pH '\"'as 

meas ured it was greater than 7. 0. Th H ~ 3 e h112:hest p -~ , o . , 

was recorded from the stream in one of the poplar p lan-

tations at the Hogsback in Vay but the pH at this site 
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was less than g•o during the o~her months during which 

it was measured. There thus seems to be little varia-

tion in the pH of the wa ter of the streams invest igated. 

There does not seem to be ~ ten0ency for ~ny one of 

these fungi to become established on a leaf skeleton to 

the exclusion of the others. In mFJ..terlal collected from 

the Hogsback as many as ei~ht 8pecies o f these fungi have 

been found growing on a square centimetre of leaf skele-

ton of Populus serotina - Tricladium g:racile, 

Clav.:triopsis aoua tica, Heliscus longibrachiatus, 

An~uillospora lon~issima, n. filiformis, Lunulo spora 

curvula, Alatospora acuminata and Triscelophorus 

monosporus - and as many as seven species - Tricladium 

g:racile, Clavariopsis aquatica, nnguillospora longi ssima, 

Tricladium splendens, Flagellospora curvula, Alatospora 

acuminata and Lunulospora curvu.la - have been found grow-

ing on one s~uare centimetre of skeletonised leaf of 

:::1ubus sp. from the Hogsback. It is, hmArever, more usual 

to find from one to three specieR on a leaf skeleton. 

Decaying leaves of a T.ri de ranP.'e of plants are colon-

is ed by these aquatic Hyp:.lom"cetes - a fern, Pol"[.tichum 

~., a gymnosperm, Podocarpus _latifo11us, leaves of herbs 

such as Plectranthus ecklonii which form soft leaf 

skeletons, leaves of trees such as Celtis africana and 

Rhus legati 1~rith relatively thin cuticles which cHsin-

tegrate during skeletonisation and of other trees such as 

Eucalyptus globulus, that hcwe thick cuticles which per -

sist when the leaf is skeletonised, Some o f these 

fungi have also been found growinf! on decaying fruits of 

l1.cacia sp. in which the veins were exposed. The occur-

renee o f these fungi on leaves of a gymnosperm is of 

particular int erest,as.in other accounts of these fungi 
·' 

attention has been dra~rn t o the fact that all gymnosperm 

material examined was devoid of these fungi, The fungi 

inhabiting decaying leav-es of Podocarpus lat i folius are 
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Fla~ellospora curvula, Tricladium gracile, Articulospora 

tetracladia, A. grandis , Alatospora acuminata and 

Trisc elophorus monosporus. ;:·ot only does this ~roup of 

fun?i as a w!:'lole inhabit a r~ride range of decaying plan t 

material but the individual species also show a lack of 

specificity in their choice of a substrate (see Table 2). 

The best example is Alatospora acuminata 't\rhich grows on 

t he ~rhole range of plant debris categories listed abo ve . 

The position in which the con i diophores are produced 

on a decay ing leaf varies. 'I'he conidiophores may arise 

at right anqles to the petioles, veins or leaf margins . 

Conidiophores occur wi th equal f,~equency on veins and. 

l eaf margins in Tetracladium setigerum, Flagellospora 

curvula and Tricladium gr acile , on b ot h veins and margins 

but more frequ ently on veins in Lunulospora curvulat 

most f reouently on the margins of leaves which are no t 

ful ly skeletoni sed in Tr iscelophorus monosporus, 

Alatospora acuminata and Heliscus l ongibrach i atus and 

more fre~uently on veins and petioles than on margins in 

Cl avariopsis aguatica, Lemonniera aouatica, Lemonnier a 

brachycladia , Anguill~spora longiesima, Tricladium 

splendens , Tetracl adium marchialanum, Articulospora 

t etracladia and A. grandis . 

As these f ungi were only collected during the per iod 

of one year , April 1960 to Apri l 1961, no definite 

statements can be made as to seasonal fluctuations . It 

may, however, be of interest to compare some of the 

ob servations with thos e of Ingold (1942) for the same 

species gror.ring in England. Obs ervations f o r several 

sp ecies show a co r respondence with Ingold 's observations. 

Lunulospora curvula was most abundant in autumn, April 

and May , but shorl'/ed a marked decrease d uring the Hinter 

months. In~oln. found it t o be very abundant espec i ally 

dur ing the late summer and. autumn b ut to be rather rare 

during the winter months. Ala to spora acurninata r..ras 
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found most abundantly d.U~:'ing the r,rinter months, July and 

.l\ugust, but was less common at other times of the year . 

Ingold found that in England it was especially common 

during the winter and spring but much less f requent during 

the summer and autumn . Articulospora tetracladia 1fl1as 

observed to be common throu9;hout the year and Ingold mao_e 

the same obser vation in England. Observations for some 

of the species do not however correspond with Ingold's 

observations for them in England. Lemonniera aauatica, 

Heliscus longibrachiatus , TriclacUum splendens and 

Articulospora longissima were found during the winter 

months, April to Au~ust, August , July and August, and May 

to Au~ust respectively , whereas in En~land Ingold found 

them throughout the year. If these observations are in 

fact a true re f lection of the seasonal fluctuation in 

South Africa, it would. appear that sporulation, which in 

many species occurs throughout the year in En~land, is 

limited to the winter months in South Africa. This might 

possibly be a temperature effect due to the sum~er 

temperatures in South Africa bein~ greater than those in 

England. It does not s eem t o be due to seasonal a vail­

ab i l ity of substrate, a s suitable leaves were present in 

the streams during t he s J.rnmer. 
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aerial mycelium. The "'rhole colony loses its 

greenish tinge r,.ri tb age and becomes a brorvn i sh 

black. Ingold ( 19t!-2) described a dark olive 

green colony with a TrJ.hite fringe and Ra.nzoni 

(1953) described a brown ish black colony lArith a 

white border. It seems as thou~h this variat­

ion in the colour mizht be due to the age of the 

colonies descri~ed. 

(ii) Czapek agar. The colony is compact, convoluted, 

dark greenish grey on the reverse side nith a 

white margin. Little aerial mycelium is 

produced, 

(iii) Mai ze agar. The mycelium is sparse and very 

little of it is aerial . The colour shades from 

dark grey in the older central portion of the 

colony to li~bt grey at the edges. 

(iv) Plain agar. The entire colony is very scant 

and colourless. No aerial mycel ium i s procuced. 

(c) Tetracladium marchialanum De Wild. 

Several isolates of this fungus were made and all 

were similar in appearance. 

(i) Malt agar. The colony is pinkish cream as 

compared 1~rith the "hit ~· to yello'v colony produced 

by Ingold's (1942) isolates of this species. 

Yellow staining is however apparent in irregular 

patches on the rev :.:,rse side particularly at low 

temperatures. The surface of the colony is 

smooth except in the older parts, r...rhere a rJ~Ihite 

cottony aerial m~rcelilJ_m is produced . 

(ii) Czapek agar . The colon'.r is r,rhite to cream, 

compact, ranially convoluted, the surface is 

velvety and zonation is lacking. Yellow stain­

ing is apparent on the reverse side particularly 

at low temp eratures . 
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(iii) Maize agar. The colony is zoned and the mycel-

ium is colourless, S~)arse and a small amount of 

white aerial mycelium is prod.uced . 

( iv) Plain agar. The colony is indistinctly zoned and 

is col o·.1rless. 

( d) 1\.rticulospora tetracladia Ingold. 

Three isolations of t h is fungus have been made. All 

were similar in appearance but varied slightly in the 

depth of colour and the amount of aerial mycelium produc-

ed. 

( i) Malt agar. The colony is compact, zone~ with 

the reverse a deep yellOlAr ..... ochre to buff in the 

central reg-ion shac.ing to pale cream at the 

margin and there is a variable amount of aerial 

mycelium which is either a deep yellow-ochre to 

buff or is whitish. Ranzon1 1 s (19~3) isolates 

were buff coloured and those of Ingold (lg42 ) 

The colour 'lftrould therefore appear 

to be variable, 

(ii) Czapek agar. A very compact, much convoluted, 

deep yellow-ochre to oranp.:e colony is formed . 

It has a velvety surface and slight zoning is 

apparent near the margin . 

(iii) Maize agar. A very sparse colourless to ·v-hitisl1 

zoned co l ony with little aerial mycelium is 

formed. 

( i v) Plain agar. A ver~r sparse co l ourles s to 

V~rhitish, zoned colony with no aerial mycel ium is 

formed . 

( e) Clavariopsis aouatica De Wild. 

(i) Malt agar. The colony is compact l·ri th an 

ex ten si ve aerial mycelium at all temperatures 
0 

up to 30 C. at which t emperature it is less 

abundant. The r everse is ~ark grev in the . ' 



99. 

older, central portion shading to whitish towards 

the margin which is indistinct. The dark grey 
0 0 

region is limited in extent at 5 and 30 C. 9ut 

predominant at the intermediate temperatures. The 

aerial mycelium is in all cases white to greyish. 

Ingold ( 1942). cl_escrib es the colony on malt agar 

as being dark olive green in the older parts but 

with an irregular white fringe. In his isolates 

there was also much groPth of white aerial hyphae 

over the whole surface of the colony. 

(ii) Czapek a gar. A compact, 1.vhitish colony 1ATith 

little aerial myceliv~ is formed . 

(iii) Maize agar. The colony is generally colourless, 
aerial 

not zoned and a littl e white to greyish/mycelium 

is produced in the older parts. 

colony is, however, compact ancl_ "'hite . 

(iv) Plain agar. A very sparse colourless colony is 

produced. 

(f) Flagellospora penicillioides Ingold. 

2 . 

( i) :Malt agar. The colo ~:y is colourless at first 

becoming rust brown and later dark bror..m in the 

older central re~ion. A little aerial mycelium 

is produced in t he older p~rts and contains 

moniliform cb.ains of broT•m cells. This isolate 

resembles those clescribed for this species by 

Ingold (1942) and Ranzoni (19~3). 

GROT·'Tq IN LI~UI) CULTURE. 

Four fungi Tricladium gracile, Tri cladium splendens , 

Tetracladium marchialanum and Articulospora tetr acladia 

were grown in liquid culture us in~ Czapek-Dox medium. 

The method of preparation of the medium is outlined in 

Appendix 1. 250 c .c. flasks each containing 50 c .c. s . 
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of Czap ek-Dox medium were eac ,1 inoculated r~ri th a 5 mm. 

square of plate culture. The inocula were cut from 

regions 5 mm. behind the ed~es of three to four r·reek old 

plate cultures of t he fun~i growing on malt agar. After 

inoculation t he flasks ·were constantly shaken to aerate 

the medium and were kept in a water bat h at 20°C. 

After fourteen days the dry 1r1eights of the mycelium 

1.vhich had. grown in each flask was Cl.etermined. A1l were 

less than 0.200 ~rams. (Table 6) and so were too small 

for comparisons to be made ':•rith any accuracy. 

as the growth of these fun~i on Czapek agar i s also poor, 

it is possible that, if s ome ot~er liquid medium had been 

used, a more vigo rous grmvth might have been obtained .• 

Table 6. 

DRY WEIG~TS OF FOURTEEN DAY OLD CZAPEK--DOX CULTURES. 

I 
I Dry ill/t. in grams. 
r-

Species Replication I C:1l ture a. Culture b . 

Tricladium P:racil e o.oo -
Tricladium splendens I 0.00 o.oo 

Tetracladium marchalianum I 0.16 0.16 

I 
Articulospora tetracladia 0.16 0.11 

3. INVESTIGATION INTO THE EFFECT OF VARIATIONS I N 

TEM?EMTURE 1\ND l\~EDIUM ON GRo··JTR . 

~ 

(a) HETHOD OF INVESTif1.ATION AND ANALYSIS OF THE REC:ULTS. 

An i nvestigation was made into the effect of four 

media , malt agar, Czapek a gar, plain ag;ar and. mai?-e agar, 
0 0 0 0 0 

and f iv e temperatures, 5 , 15 , 20 , 2~ and )0 C. on the 

gror.vth of the five species Tricladium gracile, 
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Tricladium splendens, Tetracladium marchialanum, 

nrticulospora tetracladia and ClavariopSiS aquatica. 

Inocula were obtained from three week old cultures 

grown on malt agar at 20°0. 3 mm. square inocula were 

cut from a ring 5 mm. behind the margin of the colony. 

The experimental plates were 10 em. petri dishes contain-

in g 2 0 c • c • s • o f me di urn. The nature of and preparation 

of the media is outlined in ..::-i.ppendix 1, An inoculum was 

placed in the centre of each plate upp erside uppermost. 

The plates were then inverted and four diameters were 

marked on the bottom of each plate in such a way that 

they intersected at a point corresponding to the approx-

imate centre of the inoculum. Three repl i cate plates of 

each fungus on each medium were pl aced at each temperatu­

re . The inoculum was measured after each plate had been 

inoculated and the diameters of the colony gror~ring from 

it were measured on every second day for a period of 

twenty eight days. 

Three methods of expressing groT~tTth increments for each 

time interval were considered:- (1) increments in diam­

eter, (2) increments in area and (3) increments in area 

proportional to the area of the colony at the end of the 

preceedin~ time interval. It r,vas found that the use of 

areas exaggerated differences in growth rate and that the 

use of an increment in area proportional to the area of 

the colony at the end of the previous time interval 

eli'ninated certain marke CI. ctifferences in growt h rate. 

Increments in diA.m eter rectuce di fferences only slightly 

and were therefore selected as being the most satisfact­

ory measure of g rowth. 

The growth increments during the f irst s ix days 'rere 

very variable and so the f irst six day period was 

omitted from the statistical analysiR of the results . 

The increments in growth for the succeedin~ ten days 

seemed to be constant and so the ten day period from the 
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sixth day to the sixteenth day 1~ras selected for statis-

tical analysis. The increments in diameter for the two 

day periods during this ten day period are tabulated in 

Table A, Appendix 2. Each value in this table is an 

average of three replicates each of which is itself an 

average of four diameters. The ten day increments in 

diameter for each replicate are tabulated in Table B, 

Appendix 2. 

Two methods of statistical analysis were employed -

analysis of variance and linear r eqression analysis. 

Examples of these twn metho CI.s are given in the Appendix 

). An analysis of variance assumes that the variance 

within each block of values is constant for all blocks. 
0 

Ho1,1rever at 30 C. in fifty per cent of the sets of values 

all the numbers are zero and so the variance of these 

sets is zero and is therefore not equal to the varianc e 

in the other sets of numbers. Therefore in order to 

ensure the accuracy of the analysis, the values for 30°8. 

were omitted from the analysis of variance. 

The fo llmving statistical analyses "'rere carried 0~1t: 

(1) Analysis of variance of Table A excluding 30°0 . 

This analysis shows whether or not the main effect 

of time and its interac tion effects 111Tith temper-

ature, species and medium on the two-day incre-

ments of grmvth are significant for the ten c~ay 

period under consideration. The purpose of this 

analysi s was to justi fy the application of the 

linear regression analyses . 

(ii) Linear r egression analyses of t he sets of five 

values for each treatment, 

The aim of these anal~rs es t o get her • .. ri t h the 

analysi e of variance of Table A was to establish 

that the rate of ?-:rOTTth for the t 1.v-0 day periods 

showed no variation and thus to justify an analy-
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sis of the tn tal r.ro•,Jth over the whole of the 

ten day period. (Table B). 
0 

(iii) Analysis of variance of Table B excluding 30 C. 

This analysis ~fas carried out to establish whether 

or not the r~licat ion main effect and it s first 

and second order interactions are significant and 

having established. that they can be disregarded to 

show whether or not the other main effects and 

interactions are significant. 
0 

(iv) 1\nalysis of variance of Table B excluding 30 C. 

and Czapel{ agar. 

This analysi s was carried out because, in the 

analysis of variance including Czapek agar, the 

main effect of medium and the first order inter-

action between medium and species are rather 

higher than the variance ratios for the other 

main effects and first order interactions respec-

tively anc it was thought tl~t the generally poor 

gro•.vth on Czapek agar mi~ht be largely responsible 

for this . In this analysis these two variance 

ratios drop considerably and thus the result of 

the analysis becomes much more homo geneous . Only 

this analysis of variance is therefore considered 

in detail. 

( ) T B 3ooc. v Analysis of variance of able including _ 

and Czap ek agar. 

The residual error from this analysis was used in 

the calculation of the s tandard error of the 

difference between replication means used in the 
0 

discussion o f the r e :=.::. ul t s for 3 0 C. and C zap ek 

agar. 

The results of t hese analyses will now be 

discussed in more detail. 



TABLE ~ . Ti\BLE OF TIME- MEDI ID4 I NTERACTI ON TOTALS. 

~~days. 
M d. ----- 2 4 6 .1e 1um . 

Malt agar 56 .6 60.6 61. 9 

Czapek agar 46 .3 4~ .9 47.1 

Plain ~gar 6~.9 67.1 65.2 

Maize ai!-ar 64.2 62 . 9 63. 2 

Time Totals 23t; .o 230 ~ • .1 • I 237. 4 

Ti me-medium interact ion t otals i n m. m. 

8 10 

63.1 64. 7 

4~ . 5 )+~ . 5 

t:;l. 7 64. 0 

65 . 3 64 .1 

I 2)7 . 4 ?ll-1 . ) 

. l4edi urn I 
Totals. 

)06. 9 

237. 6 

326. 9 

320. 2 

1191. 6 

t--' 
0 
\Jl . 



TABLE 11. 

Main 
effects 

1st order 
interaction 

2nd order 
interaction 

Residual 

VARIANCE T 1\BLE FOR At-!ALYSIS OF Vl\RIANCE OF TABLE B EXCLlJDING 0° C. (SUMS OF 
FOR REPLICATION AND ITS INT~ACTION8 1\RE INCLUDED IN ERPOR . 

I TEI11 Sum of DeR:rees of Mean Variance Prob.qbility 
Squares. Freedom. Square . Ratio. 

Temp era ture 7067.93 3 2)t:11:=.99 515.53 0.001 
}~edium 2282. 08 

I ~ l6o~ 69 lh6 . 45 0.001 
Species 2:-)16.29 54.07 1'-13.12 0.001 

Temperature-Species 1183. 31 I 12 98.61 21.58 0,001 
Temperature-Medium 770.62 I 9 8').62 18. 7'+ o. 001 
Species-Medium 2104.35 I 12 175.36 38 . 37 0.001 

Temp .-Spp ....... Med. 1525.73 )6 42.38 9.27 0.001 

Error 721.67 158 4-.57 

18272 .. 73. 237 

NOTE:- The total number of degrees of freedom a nd the error degrees of freedom have been reduced by 2 to 
....... 

take into account the two 0 estimated 11 values in table B (Appendix 2) which are included in this ana.lysis. o· 
00. 



TABLE 11. 

Main 
effects 

lst order 
interaction 

2nd order 
interaction 

Residual 

VARIANCE TABLE FOR A~!l'ILYBIS OF V.L\RIANCE OF TABLE B EXCLUDING f0°C. (SUMS OF 
FOR REPLICATION AND ITS INTERACTIONS .L\RE INCLUDED IN ERPOR . 

ITEM Sum of Deg rees of Mean Variance ProbA.bi1ity 
Sr·uares. Freedom. o.quare. Ratio. 

Temperature 7067. 93 3 2)1;C:.99 515.53 0.001 
Medium 2232.03 4 ~60~ 69 166.45 0.00 1 
Species 2S16.29 54.07 143.12 0.001 

Temperature-Species 1183.21 I 12 93.61 21.53 0.001 
Temper~ture-Medium 770.62 I 9 31).62 13.74 0.001 
Species-Medium 2104.35 

I 
12 175.36 33.37 0.001 

Temp.- Spp. ~Med. 1525.73 "36 42.33 9.27 0.001 

Error 721.67 153 Lj. h7 
0,/ 

13272 •. 12 237 

NOTE:- The total number of degrees of freedom and the error degrees of freedom have been reduced by 2 to 

take into account the two 11 estimated 11 values in table B (Appendix 2) which are includ.ed in this ana.ly-sis. '(;, 
00. 



0 
(i) Analysis of variance of Table A excludin~ 30 0. 

It will be seen from Table 7, the variance ta~le 

for the analysis of variance of Table A (i~pendix 2) 
0 

exclucing 30 C. , that the main effect of time and the 

first and second order interactions involving time are not 

significant except for the inter action between time and 

medium which is si~nificant only at the 0.05 probability 

level. The value for plain a3ar at the 8th time interval 

in the time-medium interaction table (Table 8) is relative-

ly very low and this probably accounts for the slif.ht 

significance of the time-medium interaction. As the main 

effect of time is not significant, and its interactions 

are almost entirely not significant a linear re~res sion 

analysis of each set of two da~r inc-reJJ!ents for the ten day 

periods is justified. 

(ii) Linear Regression Analyses. 

Only the three 11 t " values for these linear re-

gression analyses indicated on Table 9 can be considered 

t o be significant. It is therefore considered that there 

are no significant trends in the growth rate during the 

ten day period. The increments in diameter for this 

period therefore represent comparable units of gro1.vth. 

(iii) Analysis of variance of Table B excluding 30°C. 

The results of an anal~'Sis of variance of the 

increments in diameter fo r the ten day period tabulated in 
0 

Table B (Appendix 2), excluding t he values for 30 C. are 

tabulat ed in the variance table , Table 10. It i S clear 

that the main effect of replication and all the first and 

second order interactions in'.'OlvinP.' replication are not 

significant. The main effects of temperature, medium and 

species and the first and second order interactions between 

temperature, medium and species are all highly si~n ificant 

( Table 11). This shows tba t the curves for Q'rowth rate 

against temperature are di ffer ent for each medium- species 



113. 

Fig.23. 
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S.E of d/ff bot. moons= 0 ·45. 

Go n <J ra/ cur vo for te!i'Jf2.eraturc? for the ten day peri od 

(do to from Table I 4 A) 
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combination . The feature dominating the '!Jirhole analysis 

is the very small error variance. The standard error 

for the averag-e of the three replications whic.h determines 

a point on the growth rate against temperature curves is 

as small as 1. 2 . In other words the curves are very 

accuratel y determined and even small differences can be 

proved to be statistically si~nificant . The very large 

species-medium interaction is explained by the fact that 

flrticulospora tetracladium and Tetra.cladium marchialanum 

grow on Czap ek agar as well as they .-''o on the other media , 

"hereas the gro1•rth of the other species on Czapek agar is 

very poor (Table 12) . 
0 

(iv) Analysis of vari ance of Table B exclu0ing 30 C. 

and Czapek agar . 

To test this conclusion an analys i s of variance 

was made of Table B (App endix 2) exclu<'l.ing the values for 
0 

30 C. and for Czapek agar. In this analysis, Table 1 3 , 

the species-medium interaction variance ratio d~opped to 

the level of those of the other first order interactions 

and the variance ratio for the main effect of medium was 

also considerably reduced. T11us excluding Czapek agar 

makes the results more homo ?-eneous and this anal ysis Will 

therefore be discussed in detail . 

The overall effect of tempeTature is clearly ap·oarent 

from Table 14-,1\ and from Figure 2?. 'll i th increas ing 

temperatures from 5° to 20° C. there is a marked increase 
0 

in growth rate but U~rith a further 5 increase i n temper-

ature the growth rate decreases . 

From Table 14 ,1\ it is clear that the qeneral ~rowth 

rate is signi ficantly different on the three media , malt 

agar, plain agar and maize a qar . The growth rate is 

hilZ'hest on maize agar and loV~rest on malt a?ar . 

It is apparent from Table 1'~ , A that the general growth 

rates for the species are all significantly different 
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Fig . 25. 
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from each other and can be arranged in an ascending series 

Tricladium gracile, Tricladium splendens, Tetracladium 

marchialanum, Arti culospora tetracladia and Clavariopsis 

aquatica. 

The maize agar, plain agar and malt agar curves, 

Figure 21+, for g rowth rate plotted against temperature are 
0 0 

almost identical for temperatures up to 20 C. but at 25 C. 
0 

they become widely diverqent . At 25 C. the gro~th rate 

on plain agar i s g-reater than Ghat on malt agar, bu t 

smaller than that on maize. The hi~hly significant 

medium main effect is prohably accounted for by the di-

ver~ence betwe ~n the ~rowth rates on the three media at 
0 

25 c. This requires further investigation. 

The diff erences be twe en the temperature curves for the 

five species ( Fig. 25) become increasingly more mar~ed 
0 

with increasing temperatures. At 5 C, none of the species 
0 

is significantly different from all the others. At 15 C. 

the growth rate of Tetracladium marchialanum is signifi-

cantly different from t hose of the other four species 

which are grouped in pairs, one pair, Clavariopsis aquatica 

and Articulospora etetraclac1ia having a larger grmvth rate, 

and the other pair, Tricladium splendens and Triclao.ium 

gracile, havinf?: a smaller gro;.rth rate. The growth rate 

of Tricladium splendens rises to the same level as that 
0 

of Tetracl adium marchialanum at 20 C. and so Tricladium 

gracile is then significantly different fTom the other 

four species. Tricladium spl enoens and Tetracladium 
rate 

marchialanum are the only two species in •N"hich the growth/ 

at 20°C. is significantly greater than th8.t at 15°C. At 
0 

25 C. the difference is mo ot striking . Clavariop si s 

aquatica , Tricladium spl end.ens and Tricladium gracile are 

all significantly different from each other and from the 

other two species which are not significantly different . 

Clava riopsis aguatica further differs from all the other 
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0 
species in that its gro'··th rate is higher at 25 C. than 

0 
at 20 C., whereas in all the other species the growth rate 

0 0 
is lower at 25 C. t han at 20 C. 

From a consideration of the spec i es-medium interaction 

table (Table 14-, D) it apqears that Tetracla:iium 

marchialanum is probably largely responsible for the 

species-medium interaction bein~ si~nificant. In Table 

1 4- ,D the species are arranged in order of their general 

growth rates from t he lo¥est to the highest. On maize 

agar the growth rates of all the species Hnd on .~:nalt and 

p lain agar the growth rates of al l the species except 

Tetracladium marchi alanum conform to this general pattern. 

The growth rate of Tetracladium marchialanum on malt agar 

is as low as that of the s 1o1.v-est ?rowinf species and on 

plain agar is as hip:h as that of the most rapidl? growing 

species. 
0 

Summing up the results of the analysis excluding 30 C. 

and Czapek ag:ar it can be said. tb.Rt there are clear 

overall effects of temperature and species but that the 
0 

e f fect of medium is only apparent at 25 C. T~e species 

behave differently with respect to temperature, the 

differences being most max·:ked at 25°C . The fall off in 
0 

growth rate with a reduction in temperature from 20 C. 

is much more marked in some species than in others. The 

species react to medium i n much the same ltlfay , except for 

Tetracladium m"'rchial a num, the gro~-vth rate of \>Jhich is 

significantly much lo11-rer on malt aR:ar than on the other 

two media . This markedly lo,~r r:rrowth rate on malt agar 

seems 
ori 

to be contributed to ·; y the lot.v value at 25 v , 

0 
(v) The effects of Czapek agar -3.nd 30 C. are clear-

ly apparent from a consideration of Table 1'5 and. the 

temperature curves fQr each species on each medium 

(F ig. 26) . Clearl y the rate of gro,.vth of Tricladium 

gracile, Tricladium sp l endens and Clavari opsi s aqua ti ca 
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is much lower on Czape~ agar than on the other three 

media but the rate of growth of Tetracladium 

marchialanum and 1\rticulospora te tracladia on Czapek agar 

is as hi~h as that on the other media . Another striking 

feature of the growth rate on Czapek agar is that 

Clavariopsis aquatica , in ~rhici:l the g-ro1.rth rate on the 
0 0 

other three media is greater at 25 C. than at 20 c., 
0 0 0 

grows mor e rapidly at 15 C. than at 20 C. and 25 C., 1~rhen 

it is grown on Czapek agar. 
0 

At 30 C. the ~rowth rate is on the whole much lmver 
0 

than at 25 C. This is mo st marked in Tetracladium 

marchi alanum and 1\rticulospora tetracladia in which the 
0 

growth rate falls to zero at 30 C. The interaction 
0 

between medium ~nd species at 30 C. differs from that at 
0 

25 c. This variation would., ho1.rever, require confir-

mation. 

To sum up the analyses of all the tre~tments it can 

be said that there are clear overall effects of temper-

ature and species but that t~e effect of media other 
0 0 

than Czapek agar is only apparent at 25 C. and 30 C. 

The general rate of ?ro~~,th ~ncreases T.Vith inc reases in 

temperature from 5° to 20° C. and drops t...r i th f urther 
0 

inc reases in temperature up to 30 C. The species all 

have different general rates of gro1~rth and can be arrang­

ed in an ascending series Tricladium ~racile, Tricladium 

splendens , Tetracladium marchialanum, Articulospora 

tetracladia and Clavariopsis aquatica. The general 

growth rate on Czapek agar is lower than on the other 

three media. The difference in growth rate on the other 
0 0 

three media is only apparent at 25 C. and at )0 c. and 

the order of magnitude of gro11th V8ries het1r.re en t he two 

temperatures . There is a fall off in growth rate with 
0 

a decrease or an increase in temperature from 20 C. in 

all species except Cl~variopsis aouatica which on all 
0 

media except Czapek agar grows more rapidly at 25 C. 
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0 
than e.t 20 C. the fall off in the gro1.rth rate of this 

0 
species occurs above 25 c. All the species except 

Tetracladium marchialanum react to all the media except 

Gzapek agar in much the same way. On C zap ek llgar 

Tricl adium ~racile, Tricladium splendens and 

Clavariopsis aquatica ~ro,.r much more slo1,rly than on the 

other media and Articulospora tetracladia and 

Tetracladium marchialanum grmrl at much the same rate as 

they do on the other media . 

(b) DISCUSSION. 

In a discussion of the relative growth rates on 

the various media at the various temperatures it should be 

borne in mind that gro1-vth is expressed as an increment in 

diameter and therefore by a linear measurement and not by 

one of volume or weight. So that, for example, it 

appears from the results that plain agar is a more suit-

able medium than malt agar. ~owever, from an examination 

of the gross characteristics of the fungi on these t"ro 

media it is almost certai n that, if the volume or 1JI!e i ght 

of the colonies 1.-.r ere to be mea sured, the compact colony on 

malt a gar would. have a larger y ield than the sparse but 

sp~eading cclony on plain a gar. 

i~other important con s i deration is that in this 

investigation po s sible variations in humidity were dis-

regarded. 

It seems worth notin~ that in cases, where there was 
0 

little or no g:ro1~Jth at 30 C. during t he period of t wenty 

eight days, thi s t reatment was not lethal, as, when the 

cultures v.rere removed f r om t his temperature and pl a ced at 
0 

20 C. ,the colonies s t arted t o ~row. 
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(c) CONCLUSIONS. 

There are marked differences in reaction to temper-

ature and medium bet1•reen species, as represented by these 

iso l ates. However, only one isolate of each species was 

used in the investigation _and. , as i t is well kno1~rn that 

different isolates of t he same species of fun~us may snow 

considerable variations in growth characteristics, it 

would be necessary to investigate the reaction to var­

iations in temperature and medium of several isolates of 

each species before attempting to characterise the spec-

i~s . Similarly, it would be necessary to investigate a 

larger number of species before any general statements 

could be made of the reaction to temperature and medium 

of this group of A-quatic Hyphom:rcetes as a whole. How-

ever, it seems of value to Cl.ratrJ tentative conclusions from 

the available experimental results. 

(i) The gene~al reaction to variA.tions in temper-

ature is an increas e in growth rate lflith increas-
e o 

ing temperatures from 5 to 20 C. and a fall in 

growth rat e wtth further increases in temperat-
0 

ure to 30 c. The optimal temperature lies 
0 0 

bett~reen 15 and 25 c. most probably at about 
0 

20 c. This confirms the conclusi on of Tubaki 

(1957) for thirteen species including 

Articulospora t et r acladia grot.rn on malt agar . 

( ii) The general 9'rowth rates on the four media· are 

all different. The g rowth rate is highest on 

maize agar, followed by plain agar and then 

malt agar and i s l01,Iest on Czapek a~ar. It iS 

how·ever higrlly probable thA.t this order 1~rould be 

different, if growth rate were to be measured 

as a volume or a dry 1~rei rrnt of mycelium rather 

than as an increment in Cl.iameter. 

(iii) The growt h rate of each species irrespective of 

medium and temperature is significantly 
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different from that of each of the other species. 

The order of the species stA.rting l•7i th the slow-

est growinQ' and ending r-ri th the most r ap i d.ly 

growing species is Tricladium gracile , 

Tricladium splendens, Tetracladi um marchialanum, 

Articulospora tetracladia and Clavariopsis 

aauatica. 

(iv ) The ~rowth rates on malt agar, pl ain agar and 
0 

mai ze agar are equal e. t tempe r atures up to 20 C. 
0 0 

but at 25 and 30 C. the growth r ates are differ-

ent on these three media but the order of magni-

tude varies betwe en the tl~Jo temperatures. The 

~en eral growth rate on 8zapek afar at all temper-

atures is lor~rer than on the other media. 

(v) The species ?'ro •.lping based on ~ro1~rth rate is 

different for each temperature. The best sep-
0 

aration of the species is obtained at 25 C. a t 

which temper~ture the growth rates of 

Cl avariopsis aauatica, Tricladium splendens, and 

Tricladium gr~cile are Rll signifi cAntly different 

from each other and from those of the other two 

spec i es which are not sip:ni ficantly different from 

each other . Tetracladium marchialanum can 
0 

hmvever be separated at 15 C. at 'lt\Thic h its growth 

rate is different from those of the other four 

species . The gro--th rate of Articulospora 

t etracladia is not si gnificantly different from 

the other species at any of the temperatures 

investigated. 

(vi) In all species except Clav~ riop s i s aauatica the 
0 0 

growth r ate at 20 C. is p-reater than tbat at 25 C. 

In Clavariopsis aquatica ?rowin~ on all me~ia 

except Czapek agar the v.rowth rate at 
0 25 c. is 

0 
greater them at 20 C. The optimal t emperature 



for growt h is tl:lerefore hiP:her in Clavariopsis 

aouatica than in the other species. 
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('f"i i ) The most marked difference in the Q'rot~rth rates of 

the five species on malt agar, Czapek agar, plain 

agar and maize agar is that on Czap ek agar . 

Tricladium gracile, Tricladium splendens and 

Clavariopsis aguatica all grow mo-re slowly on 

Czapek agar than on t he other media but the grmvth 

rate of Articulospora tetracladia and Tet racladium 

marc hialanum is as high on Czapek agar as it is on 

t he other media. 

4. CULTURE ON T''li'1·S. 

The perfect s tage of these a quatic Hyphomycetes j_s 

knoli\TTl in only tl•ro species FJ.ap,el l ospora penicillioides 

(Ranzoni 1953) and Hel iscus lugdunensis (Webster 1959), 

both of which are species of Nec tria. As species of 

Nectria commonl y inhabit dead twi~s in the local indigen­

ous forests and exotic plantations , it t-,ras thought that 

it would be of interest to g row certain i solates of 

aquatic Hyphomycetes on sterilised tl!ITigs in the hope of 

obtainin~ the perfec t stages . 

250 c.c. flasks containin~ 5-10 c,c, of malt a~ar 

prepared with stream water were ihoculated wi t h 

Tricladium ~racile , Tricladium splendens, Tetracladium 

marchialanum and Articulospora t etracladia. I n the case 

of Articulospora t etracladia some of the flasks were 

inoculated with two i solates . After the colonies had 

become establ ished in the f lasks a moist sterilised t wi g 

was inserted into each f l ask in such a way that one end 

l.\ras embedded in the fungal colony. Dead twic;r.s of 

Populus serotina , Q}..lercus robur and Rhus legati 1.rere used 

and these varied in thickness from 1-2 em, in diameter. 

The mycelia soon became established on the tt.vi gs liiThich 

T~rere then transfer-red to boiling tubes containing about 
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2 em . of sterile moist sand. The t'\.\rie;-s were examined 

from time to time and the sand 1•ras occF.tsi on ally moistened 

with sterile distilled water. After nine months no 

fruiting: bodies of any sort had been produced by any of 

the fungi. 
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( i) 

a) PREP1\RAI'I CN OF MEDI A. 

The media were preparec1 by s uspending the dry 

ingredients in cold distilled or stream water , as indi-

cated, and heatin~ until dissolved. Aliauots of the 
0 

required. size 1.rere ste'r'ilised in tubes or flasks at 120 C. 

fo r fifteen mi nutes . 

Two per cent malt agar for isolation of the fungi T~Jas 

prepared from powdered ~elidium a~ar , ~urr 1 s powdered 

malt extract an~ either dis~illed water or stream water . 

In some cases rose ben~al was added in the concentration 

1:20,000 ~nd streptomycin in t he concentration 35 per 

c.c. The streptomycin was added after sterilisation 

prior to the pourin~ o f the a~~~ into petri dishes . 

'I'he following four solid media ~rere used in determin-

ing gro1.1rt h characteristi cs :-

(i) Two per cent malt agar prepared from Gurr 1 s 

agar, Gurr 1 s pov.ro.ereo. malt extract and distilled 

~.,at er. 

(ii) Two per cent Czapek agar prepared from Difco 

dehydrated S zap ek ag:A..r and di s tilled water . 

( iii) T11110 per cent maize agar prepared from Difco 

dehydrated maiz e agar and distilled water. 

( iv ) Two per cent plain agar prepared from Gurr 1 s 

dehydrated agar a nd o.istilled 1Arater . 

One liq_uid medium , Czapek-Dox broth 1,vas used and lfiTas 

of the fo llol~ring composition: sucrose )0 gm ., sodi.t:.!!! 

nitrate 2 gm., Potassium phosphate ( K
2

3Po
4

) 1 gm . , 

magnesium sulph::t te 0 . 5 gm., 9otassium c ~lloride 0. ~ gm., 

ferrous sulp~~te 0,01 gm ., and distilled water 1,000 c.c . 

b ) ISOLATION IN PURE 00LTURE. 

Pure cultures were obtained by sprayin? spores onto 

the surface of t1~ro per cent malt agar plates and by 

s ubsequent sub-cultur ing onto fresh plates of the same 



( 11) 

medium. High concentrationSof fungal spores were 

collected in pipe ttes from t .he bubbles which 1Arere f ormed 

at the surface of the water around the sides of jars of 

aerated water in "~Arhich 1 eaves inhabited by these fungi 

Malt !'\J!>lr mao.e 1'1fi th stream 1orater seemed_ to 

be more satisfactory than that made with c1isti1led 

water. It 1~ras found that the rate of R:rOl•rth but not 

the number of bacteri~l colonies could be considerably 

reduced, if rose benr;;ral in the concentration 1:20,000 

and streptomycin in the concentration 55 

added to the medium . 

per c.a. were 



TABLE A. 

$pecles 

TABL3: OF Jl'-~8REI:El\·Ts IN DIJ\lVIETER IN H. M. FOP THE FIVE T~:JO Dii.Y PERIODS FROlV! THE SIXTH TO THE 
SIXTSE'f'TT:":J: Dii.Y. 

Time 
Medium 2 

~·=~1 t 1. 0 

Cz apek 0 . 1 

Plain 0. 7 

I 

:-'i?l t 1 . 1 

Czapek 1. 2 

Plain 1.1 

l•1aize 0. 4 

Ml3.lt 

Czap E'k 

1·~ 'J.l t 

Cz11p ek 

?lA.in 

Pl~in 

M101. i z e 

1.3 

1.0 

2 . 0 

0.9 

2 . 1 

I' 1.-:::: 

2. 7 

o. s 
....... 7 v. 

0. 6 

~-

1.2 

o.6 

2. 4 

1.2 

1.6 

l. l+ 

1.5 

1 ~ . -

1 . 2 

1 ~ . ~ 
1 . 9 

1.2 

5 

6 

o.s 
0.4 

1.0 

0.7 

1.3 

1. 9 

1.9 

o. 7 

1. 9 

1 . ~ 

1-. ~ 

1 . 3 2.C 

1. 0 1.1 

1. 5 l.l+ 

1.2 1 . 9 

1.1:) 1.5 

o. ~ o. 8 

1.2 1 . 2 

o.~ 0. 5 

1.2 

0.3 

1. l+ 

o.e 

1. 7 

1.7 

1 .7 

0.7 

0. 1) 

1.5 

1.1 

1.7 

1. 5 

1.1 

2 .1 

1. ? 

1.9 

o. g 

1. ~ 

1.0 

10 

1. 2 

0. 9 

1.6 

1.1 

1.6 

1.8$ 

1. 3 

o. ~ 

1.1 

o.~ 

1 .-~ 
• ::> 

2.5 

2 . 0 

1.9 

0.1 

1.7 

o. 7 

2 

".S . 2 

3.0 

~ ~ -. -
3. 2 

1 . 0 

3.2 

4.2 

3. 6 

4.0 

3. 7 

~ - ~ 

'+. s 

4.5 

0.9 

4.4 

7. 4 

EA.ch Vl'llu e i s .qn Fl.vera.cre of four Cl. i !:tmet ers _ 

1~ 

4 

3.2 
? ~ -· -
2. -:s 

~ . 6 

) . 7 

2.5 

0.9 

3.6 

3. S 

4. 5 

4. 3 

6 

?. 2 
1. ~ 

?.. 3 

~ . 0 

4. 0 

3. 1) 

?. . 4 

o. 7 

~.s 

4. 7 

4.1 

LL ~ 
' . -

3.2 

1.6 

2. S 

2.S 

4. 2 

~ - 7 
2 . 0 

1.0 

10 

-:s . o 

1.5 

2. 6 

2. 9 

4.0 

3. 2 

2. 6 

1 . 0 

3.3 

4.0 

3. S 

4. 0 

2 

3. 6 
2.0 

~ - 5 

3. l+ 

5. 3 

4. 7 

2. 0 

3.4 

4. 3 

6. 3 

5. 0 

3.9 4. 5 3.8 ) . 8 4. 7 

3.3 3. 3 2. 6 2.7 4. 3 

4-.6 4. 5 4.2 4. 1 4. 8 

4. 7 4.S 4.6 5. 0 5.0 

4. 5 4.9 4. 6 5. 2 4. 5 

1 . 2 1. 9 2. g 3. 2 0.3 

1-1- . 4 4. 5 ·4. 2 l+ . 3 4. 9 

4.4 4. 7 4. 8 4. 3 6.1 

20 

4 

3.'+ 
2.1 

3.2 

~ . 0 

4. 9 

5. 2 

~ - ? 

1.3 

3.3 

4.5 

5.1 

5. 1 

5.1 

3.9 

5. 4 

0. 4 

4.5 

t:: • • 4 

6 

3.8 
1.6 

3. 2 

~ - -:s 

3.2 

3. 7 

4.3 

4. 7 

1).2 

5. 2 

5. 0 

o. 3 

5. 3 

5. 4 

4 . 1 

1.5 

3 .. 0 

2.9 

}I 5 ·--t . 

2. 6 

2 .1 

".S.2 

l+ . l 

) I Q 
-r • ./ 

4 ~ 
• '-' 

5. 7 

4. 5 

5. 3 

5.5 

la2 

5. 3 

I 

I 

10 

3.6 
1.6 

3.2 

2, 7 

5. 0 

1 . 6 

l+ . 3 

4. 7 

5. 1 

) .1 

5.0 

5.0 

5. 5 

0 . 6 

5. 0 

6.1 



I 

(iii) 

·---· 
25 30 

-
I 

2 4 6 8 10 2 4 6 8 10 
.... ---

0.4 0.4 o. J..j. 1.0 0.8 1.1 1.2 1.2 1,2 1.8 

1. 0 0.9 0.9 1.2 1.5 0.0 o.o 0,0 o.o o. 0 

0,5 0.2 0,4 0.6 0.9 0,8 1.3 0.9 0.6 o.6 

2. '+ 3.0 3.1 3.2 2.E!. 1.0 1.6 1.~ 1.6 1.6 

1.4 1.2 1.8 2.2 1,g 0.2 0,2 o. '+ 0,6 0.6 

2.5 2.7 2.7 3~ l+ 2,9 1.0 0,3 1.0 1.9 1.3 

2,0 1.4 1.7 1~8 1.4 2. 1 2.7 2.3 1.8 2.0 

2.0 1.6 1.4 1.9 1.3 0.1 0,2 0.1 0,0 0.1 

0.8 o.q 1.7 1.3 1.7 o. 0 o.o 0~ 0 o.o o.o 

4-.5 S.3 4.7 4-.5 4.4 0,0 0, 0 0~ 0 0,0 0,0 . . .. . - "" i 

5.9 5.8 S.9 5.0 5. 0 o. 0 0,0 0,0 0,0 o.o 

5.5 5.3 4.0 4-.7 4. 8 0,0 o.o o. 0 0, 0 0,0 

3.3 4-. 3 4.8 4 .• 6 3.4 0.0 o. 0 o.o o.o o.o 

3.9 4-.1 3.2 3. 0 4.9 0,0 0,0 o.o 0.0 0.0 

3.9 '+.8 3.9 3.6 3.3 o.o 0.0 o.o 0,0 0.0 

3.6 4-.6 4.9 5.1 4. 9 o.o o. 0 o.o o.o o.o 
' . ~ . . .• . . 

4.6 5#9 5.,0 5.2 6~o 1.6 2.1 3.1 2o~' 7 3, 3' 

o.o 0.:0 o.o o.o o.o 0!10 0,.0 o.o o.o 6.,.6 

6.3 6.4 6.1 6.-3 6.6 3!il 4.3 5.3 513 5·!>3 

6,0 6.0 5.3 6. 7 5.8 3.6 4.7 4. 7 4.9 5.2 



Appendix 2 . 

Table A~ TRble of increments in diameter in m.m. 

for the five two day periods from the 

sixth to the sixteenth day. 

Table B - T.!:l."'l e of increments in diameter in m. m. 

for t h e ten day period from t he sixth to 

the s ixt eenth day . 

Table C- Varia nce Table for Analysis of Variance 

of Table B. 



I 

I 
' 

TABLE B. TABLE OF INCREMENTS IN DI.ffi-1ETER IN !': . l~ . FOR THE TEN DAY PERIOD FROM THE SIXTH 
TO THE SIX~EENTq DAY. 

Ternoer~ture 
o,., 

'"' . 
·--

5 15 20 

·····~-·--B.§~cqt ion. 
a b c a b c a b c a 

Species 'lvl ~. ----• eo.J.um - --

~~ !01.1 t 1\frB.r 5.0 £:) ~0 5.0 16.s 16.5 1~.0 19.0 17.5 20.0 2.0 
1.. 

Cz;:_)··') ek .ful~r 2.? ).0 2.0 9.0 10. s 10.0 10.5 ~ .0 ~ .5 ~ . 0 

J'ric lR c'U urn Q'r.<:tci1 e. 
P1F.\in .f\£P..r 7.0 7.0 7.f) 17.0 16. f;) 15.0 16. 0 1~.~ 16.0 3.5 

Mr-- i ze .N!."'tr 4 . 0 5 . 0 L~ .• 0 16. 0 1') . 0 1~. 5 17.0 14. 0 14. 0 17 . 0 

r,;al t li..f1'7!.r 7.5 7.~ ~ .o 18.0 22. 5 17. £:) 2'+ . £:) 2L~. 0 23.0 6 .5 

Czn.pek lVI<:Jr 4.0 2.5 ).5 5.5 '+. 0 2.~ 9.0 7.5 10.5 ~.0 

2. 
Plain 1\rrar 7.0 ~.0 7.5 13 . 0 14. 5 12.5 17.0 1~.0 1~.5 7.5 

Tricl -=td ium splen-
Clens . ~r .<J.i z e 1~.qr 9.0 7. 5 7.0 17.0 17.0 17.0 24.5 24.0 24.5 12.5 

1:13.1 t i 1fl.!:J T' ~.5 4 0 • 4 . 5 lh.5 16.5 16.0 19.5 1~.0 1~. 5 6.5 
3. 

CzeipE:k lw,ar t:5.5 7.5 4 .5 20.0 20.0 20.0 22.£:) 23 . 0 24.0 26 .0 
Tetr~c1adiurn rna!"-

chi CJ.1 anum. P1:11n /l.gP. r ~ .0 9.5 3 .0 26.0 17 . 0 1~.0 24.0 30.0 2)-J.. 5 21.5 

ivi <:~.i z e .fu:J:ar 7.0 6.5 S.5 21.0 22.0 20.5 24. 5 25.5 25.0 24.5 

i·i=.t1 t Ag-ar 11.0 9.0 9.0 l l.t. 0 15.0 27 . 0 26. 5 25 . 5 27. 0 21.0 
4 . 

Cza·oc1\. iWA r 2.8 ? !I 7.5 1~ . 0 19.0 1~. 5 20.0 1 3. 5 13 . 0 19.5 ~' . v 

il!'t iC!;:,10 SpOr-9. 

t etrP c111.cU a. i?1.::tin iW.!:Jr ~.0 9 . 0 10~ 0 27.S 27.5 22.0 25.5 23.0 2'+ . 5 21.5 

:-'ir:t i z e 11.17'!'1 r 9.0 7.0 ~ - 5 28.~ 28.0 29. ~ 25.0 27.0 2~.~ 23.0 

l ~'ll t i'lfz.qr 7.0 7. 5 0 . 0 2'3.'5 24 . 0 24. 0 ?S.O 26 . s ?t:. , r; 2~ r.::. . _./ 

s . ,;".,..- -- ...... , 
.:Jzapex Am" r 5.0 3. 5 2. 0 10.0 12.0 ,·11. 0 0.0 9 . 0 o. o 0 . 0 

81stV9.rid.p Si S ' ---
'lQUr.tt i C-9.. P1qin J.\n:'~ r 5.0 7. h. 7.0 2'-LO 21.0 ?? r.::. 25.0 2S.'? 26.0 ~2 . 0 

· - - • I 

rhi z e ilf".Fl r ) . 0 2.\l 2 k 
* -' 27.5 27.0 27.0 2S.O 29 . 5 2S.O 30.5 

,/-

\ no · ve.1ue ohtP.ineo. b y Aver.<:tginq t he other two r eplic.<:ttes in t11.e set . 
... ~ ·· 

Eqch vslue is the qver~g€ of 4 di ameters. 

( i v) 

25 30 ! 
' 

b c a b c 
,.---.... 

4.0 2.0 4.5 ~-5 :'(" 5 ', 
0 ·' ' . · ... ···"' 

4.5 4.5 o. 0 0~ 0 o.o 

2.5 3 .. 5 ).5 l.t. 5 3. 5 II 

14. 0 
,.- - '· 
l5.5 , 6. 0 ~ . o 7.0 

...... 

8.~ ~-- 5 1. s 1.0 2.0 

8. 5 10.0 0.5 0. 5 o.o 

B. O 9.0 9 .5 11.5 11.0 

12.5 1~ .0 1.5 2.0 14.!:) 

7. 5 7.0 o. o o.o o. o 

22 . 0 26 .0 o.o o.o 0,0 

22.5 3S.O 0,0 o.o o. o 

23.0 22.0 0, 0 o.o o.o 

21.0 20.0 o.o 0 . 0 0.0 

18. !:5 10.0 o.o o.o 0 . 0 

22.0 1 ) .5 0.0 o.o 0. 0 

24.0 2 ~ ,S 0 . 0 o.o 0,0 

¥ - • • • 

24.5 26.5 ~ . 0 1 4 . 5 '11. o'· 
: ·'""·-··· 

o. o 0.0 o. o o.o o. o 

?1. 0 29.0 2) . 0 25.5 2'+ . 0 

30.t:) 29.0 23 . 5 24 .0 
... ··-... 

!~)+ o''·. ·-· . 
I 

.. 

I 



TABLE C. ViJUfi.N8E TABLE FOR AR1\LY3IS OF VARIANCE OF TABLE B. 

Item. Sum of ' DeR:rees of Mean VRriance 
Squares Freedom Square Ratio. 

~iain Temperature 12226~ 42 4 3056.61 636. 76 
effects. Medium 2319.7 4 939.91 211.22 

Species 2331.69 5 f;2. 92 130.99 

lst order Temperature-Species 3221~70 16 201 .• ~6 45 .2~ 
int er~ction Temuerature-Med.ium 311.30 12 67~ hl 1~.19 

Species-Med ium 24'+1. 35 12 2 0"3. 4g 1+5. 7~ 

2nd order Temp.- S';-p. -Me d.. 2107.'57 43 )_~ ~- 91 Q .>!: 7 
int E' raction 

Residual Error 863.16 195 4. 1+5 

TOT1\L 26328 . l.J-1.~ 29l+ 

Totql degrees of freedom qnd error de~rees of freedom a r e reduced. by 5 to tqke into 

account the five 11 estimated." values indicated in TF.tble B. 

Probabil ity 

o. 001 

I 
0.001 
0.001 

I 
0~ 001 I 0~001 
o. 001 

0. 001 

' 



App end.ix 3. 

Statistic~l methods used in the ~n~lys is 

of the expe,.., iment~1 datA .. 

a) Anr-tlys is of v.gr ianc e. 

b) Stand8.rd Errors. 

c) Linear Reqression Analysis. 
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~I I) 15 I 20 2t:i Mecl.ium Total e. 
-'- edl w'TI 

f'I-"11 t a~ar 101.5 2(S5 . ~ :')41. 0 191 . 0 910.0 

P1::-in ag:,qr 116. 0 29 lL o "3?2 . 0 2(;1;_0 1 007.0 

M=ti ze aP-'A.r g9.0 )2r: . 0 -:ss9 . o 319.5 1096.5 

I Temper:=>, ture totals 306. ~ 9 0~ . r:; 10?2 . 0 775. S -:so~~ . 5 



Ti\BLE OF SPECIES-M SDIU:·1 INTERACTIOr TOTALS OF INCLJE£.'.El\TTS IN 

DI~t.E~ER FOR THE TEN D~Y PERIJ D. 

------ ~ Species 
Tricladium Tricladium Clav::tri ops is. 

Iv! ediu:-------__ 
Tet rA.clA.1 i um I iirticu lospora I-1eo.i urn 

gracile solen dens m:-.:r chi "t l qn U'll t e tr.!l_ c1!) r, in A.ouat ica Totqls 

Mp_lt agar 130.5 17'6.0 1 ~s. o 2 26.0 24-~ .t:; 019. 0 

Pla in agr:tr 1':)0. 0 140. ~ 247.0 23~ .0 2t:;S.~ l 007. 0 

Maize EHl'l.r l'll.S 190. 5 2 <J f$ .0 261.5 2~~ .0 1 0?6. s 

'Pecies totl3.1s 1~ ·12. 0 500 0 ' . 61'i.O 721.5 7~ 7. 0 ':) 022. 5 



( ix) 

Correction Factor=. (3022.5)
2 = 9135g06. 25 vso 1 0 

Sums of Souare for Tempers.t ure 

2 2 2 2 
- (306.5) + (90g.5) + (10~2 .0) + ( 77~ . 5) -

)_~5 

= 5746o.g611 - 5 07S2. g12S 

Sum of Squares for gedillin 

2 2 2 
- (919.0) + (1007.0) + (1<?96.5) - 50752 . ~125 

60 

= 51015 . 3703 - 50752 . g125 

Sum of Souares for Species 

- (412.0)
2
+ (509 , 0)

2 + (613.0) 2+ ( 721.5) 2+ (767 . 0) 2 

36 

= 239g , 4444 



( x) 

Sum of Squares for Temperature - Species Interaction. 

- 551902.75 - (50752.~125 + 670~.04~6 + 2?9~.'+4l-tt~) 
9 

Sum of Squares for Temperature-~edi um Interaction. 

= ~720)~. 75 ( 50752.~125 + 670~. 04~6 + 262. ~5~3) 

15 

~ '+12. 4973 

Sum of Squares for Species-l"!edium I nteraction . 

:: 6'+7115. 75 
12 

= 5?926.3125 - 5?413. 3152 

= 512. 4973 



' 

I 

TABLE OF 'I'F·fPERATURE-SFECIES-~4EDIUlvf r JTERAJ·rr or TOTJ\LS OF I NCREMENTS DIAMETER FOR TSE 

--- Terr: ·) erat u -r-e . 

~o.i"tW---
h, 15 20 25 .J 

Species -

Tri c1B.diurn crr AC il e : 'a1 t acr:::~.r 1S . 0 51 .0 t;t) t; . -· 18 . 0 

Plain agar 21 . 5 l.j.~ . 5 50. 5 9 .5 

}•:R i ze ,grttp~ 1) . 0 l+ 7 . 0 45 . 0 4~ . 5 

Tric lB.d iurr: sp1 end. enc 1"=R1 t a,.,.Pr ?~ . 0 r:; ~ f"' 71 . t) 2r- t; • v . ./ 
:-::L :-- in R'""l r 22 . 5 l+O. 0 ~ ' - 5 2)-l . 5 

~-.: .:.t.1. Z e a-rar 23 .'~ 51 . 0 7). 0 43 . 0 

i ·etr ac l ad.i um marchial- galt arrar 12.0 49.0 56 . 0 21.0 
,qnum 

P1""in a?:ar 2t:1 . 5 61.0 78.5 ~2 . 0 

L:tize R!!ar 20. 0 6 3 . 5 75 .0 69 . 5 

1~rticu 1o s·oora tet r a- =>1 t ac::-ar 2q . 0 56 . 0 79.0 h2 . 0 
c1<J.d. ia 

P1 j:\in ac:rar 27.0 77 . Q T3. o ~7 . 0 

::: :Ri z e af:rar 2l+ . '1 ~h 0 -' . so. 5 70 . s 

~lnvariopsis a c:uat i ca ~ :a1 t P.. 0:9. r 22 . 5 71. t; 7~ . 0 74 . 5 

Pl a in arrar 10 r; 
/ . ' 67. S 76 . 5 92 . 0 

EF1 iz e .q,.-ar 5 . 0 -n . ~=: ~5 . 1=::, 90. 0 

I 

Sum of sauares for Te!'Tlperat ure- Sneci es-:•.:ecUum Interac tion. 

l t9291 . 75 

3 
( 50752. 31 25 ~ 670~ . 0436 + 262 . ~58? T 2~9 el . 4444 

t 1463.2223 4 412 . 49 73 t 512. 4973) 

~?097 . 2500 - 6251 0.0007 

(x i ) 



VARI.l\NCE TABLE. 

I TEl~ Sum of Decrr ees of file an V-<=tri f!D ce Probabilit y 
Squqres . Freedom . Square . Ra t io. 

Main Temper Ftt ure 67~ . 05 3 2236 : 02 496 . 3g 0 . 001 
Effects . Medium ?.62 . 56 2 131 . 2~ 29 . 17 o. 001 

Species 23g~ .i-+l~. 4 599.61 1 )) . ?5 0 . 001 

1st order TemperRtur e- Epecies 1463 . 22 12 121 . 94 27. 10 o. 001 
interaction.Temperqture-Medium 412 . 50 6 6~ ~ 75 l'=i . 23 o. 001 

s Spec i e s-l~edium 51 2.50 ~ 64.06 l l+ . 24 o. 001 

2nd ore.er 'remp er :-;~ t ure- Species- 5?'7 . 17 2l+ 2l+.J-'7 5'-+ . ~s o. 001 
interaction . Medium 

Residua l Error 5)5. oc 119 l.!-. 50 
-· 

TOTAL 12El79 . 44 l7S 

NOTE: - The t o t e.l degrees of f r eedom and erro r de~rees of freedom have bee n r edu ced. by one to take 
into a c count the 11 esti mat ed 11 value in tabl e B. 



( xiii) 

b) Standard Erro r.~ used in the anal ysis. 

(i) Standard Error of the difference between means . 

S. E. of difference bct-,reen means ·.:: 2 Error mm 
X 

where Error is obtained from the Variance Tabl e 

and x = number of values summed and averaged to 

obtain each mean value. 

TABLE OF X Vl1LUES FOR ANi\LYSIS EXCLUDING CZAPEK 
0 

AG-AR AND 30 C, 

Means X 

Tempe:rature 4-5 

l'<iedium 60 

Species 36 

Temperature- Species 9 

Temperature- Medium 15 

Specie s-Medi urn 12 

0 
FOR ANALYSIS IN~LUDING CZAP}~ AGAR AND 30 C. 

8, E. of cH ff erence b etl~reen replication means x = 3 

8, E. of difference bet 1.,re en medium means for 

each species x = l5 

( ii ) Standard Error of the difference bet1,.,reen totals . 

S, E. of dif ference bet•.Teen totals= }Er~or rnm 

Where Error is obtained from the Variance 

Table and x = number of VRl ues summed to 

obtain each to tal. 

For S,E, of differenc e between replication 
0 

totals excluding 30 C. x .=:.. 3. 



c) Linear Regression Anal'-sis. 

( i) Equation of the line 

X.= Mx + bxy · (y- =~ ::y) 

(xi v) 

~!here X = average value of ·t. • .he x VA.riates th.o:o.t may b e 

expected. 11\Then the VE'lue of the y variable 

is fixed at y. 

Mx = mean of x 

My = mean of y 

bxy SPxy 

SSy 

\ 

SPxy = Sum product of xv 
~· 

xy X X y__ 

n 

SSy :: Sum of square of v- 2 ? " - y ;y) '-
n 

Vv"here n = number of x or y val ues 

(ii) Tes t of s i gnificance of r egression f unct ion. 

S.E. bxy Standard error of h xy = 

SSx 

(n-2) 

1.rhere SSx = Sum of squares of x 

t = bx;y 

SE bxy 

) 
2 

( SPxy 
SSy 

( SSy) 

2 2 
x - ( x) 

n 

Reference to t h e t table for n-2 degrees of fre edom 

will show whether this c alc<!_e.ted "t 11 i s g rea t er or 

less t han 11 t " for a R"iven probab ility. I n these 

linea r r e?ress i ons n-2 = 3. t 
3 
= ) . 1~ '2 a t the 

o. 05 probability level . " t " V::3.lues small er than 

t hi s were regarded as not s i gn ificant. 



( xv) 

(iii ) Example of Linear Regression Analysis. 

The linear regression analysis for Tricladium 

spl en dens on mal t ::tgar at 5 °0. is given as an exarnpl e of 

this type of analysis . 

x growth increment in mm. 

y time increment in ~ays. 

- ----
X y x2 2 

y xy 

1.1 2 1.21 4 2.2 

1.6 4 2. 56 16 6.4 

1.3 6 1 .'"a 
' 

. o_~ )6 7. '6 
I I 

j 1.7 i 3 2 ~0 
• • ..,l 6l+ 1 ). 6 

1,6 10 ? t;( 
-·. ~ ' \...1 

100 16.0 

ti'otals 7. 3 30 10.01 220 41S.o 

- 2 Sum of Squares for x: 10,91 - L..J.. = 10.91 - 10.658 
5 

=. o. 252 
:;> 

Sum of Squares fo:r y = 22 0 - lQ- - 220 - 180 
5 

)..f-0. 

Sum of the Product of xy = 

b xy = 2 • 2 - 0. 05 5 
40 

Standard Er r or of bxy= 

t - bxy 
s. E:. bxy 

o.os~ 

0.0-:s32 

46 • 0 - 7 • 3 X "3 0 :. 46. 0 - l~ 3 • S 
5 

:: 2. 2 

2 
0.2~2- 2. 2 = 0.0332 mm. - 40 

1 20 

Thi s value of 11 t 11 i s s mall e r t ,~an 3.182 and t h ere 

is therefore no s i gnificant t r end in the x values . 



Ti\BLE 5 ~ pH VALUES OF '~'ATER FROM VARIOUS STREJI.HS DURIN'} THE YEAR 1\PRIL 1960 - 1\PRIL 1961. 

Site. Jan. Feb. Y'ar.l Apr. May. Jun. Jul. Au&?: . Sep. Oct. Nov. Dec. 

HOGSBACK, Wolf Rid2:e . 7. )~q 
- -

Poplar 1 7. 99 7.0 ~ . 3 7.25 

Oak 7. 'l5 7.6 6.0 7.7 7.1 

Poplar 2 7~2 6.~ 6.6 7.1 

N!:ttural Forest 7. 3 7e 6 7.1 7.0 7.2 
I --·-I Mixed Pla nt a tion l. 7.4 7~15 7.25 
- ·- ---- --· ··-- ··-- ·- --· 
I _____ 0 7.4 7.7 7. 35 7.25 

- ·--,--. I i '· 

I Grt.L\HAl-'ISTOWN . 

Feath erstone Yloof 7.15 7.1 

Paradise Kloof 7.2 6. 75 6. 5 6.5 6. S 
7. 3 7.3 7.9 7.15 6 . ~5 

Howie sons Poort 7. 4 6.6 6.5 
7.95 7.1 6.65 

R11.bbi t Bush 6.35 
I 

I Belmont Valley - 7.2 7. 3 

I TYUMI E RIVER I 7.6 : 7.4 I . ' 
' 

PORT ELIZABET:! 
I 
I 

1:Ji 11.ow 7. ~I) 

Poplar ~. 15 

-



TABLE 7. 
V.L\RIANCE T.L\BLE FOR THE .1\N.L\LYSIS OF V.L\RIANCE OF TABLE A 

( llPPENDIX 2) EX;CLUDING 30°0. 

Item. Sum of SquHres. De9.'r ees of He an Variance Prob a ')ili ty. 
Freedom. Squares. Rat i o. 

Tempe r ature )-1211 7. 7'+ 3 14039 .2~ go2.21 o. 001 

Medium ')055 . ?15 3 1655.13 10~ . 30 o. 001 
Nain 
effects. Species 13269.31 4 J-t.567 . "3"3 I 29.35 o. 001 

I 

Time ')1 6o 
L- • ./ l+ 5 . 42 o. ?433 not s l crn i fi-

cant. 

Temp . -Spp . 7899 .71 12 653. ?1 42. 31 0.001 
I 

T ernp . - f!::ed . 4003. 3)+ g )+'l4. 32 i 23.59 0.001 
i 

Spp.-Med. 23879 .J-+7 12 19159 . g6 127.39 0.001 
1st order 
i nteractions Temp.-Time 326 . 54 12 27.21 1 .75 not signifi 

cant. 

S _:·p . ~Time 401.49 16 25 .09 1.61 II II 

Medium-Tim e 371.90 12 30.99 1 .99 o. 05 

I Temf' . - Spp. -l-1e c1 . 10)65 . 01 36 2879 .17 185. Ol~ o. 001 

Temp . -Spp .- 9 77. £59 43 20.37 1. 31 not signi fl 
Time cant . . 

2nd order 
interactions Temp . -Kedium - 438 . 5S 36 12.18 o. 7328 n n 

Time 

:tv1edium-Spp.- 922 .13 48 19.21 1 . 23 If II 

Time 

)rd order Error 22)+0.13 1l+4 15 . 56 
interaction 

TOT.L\L 11729 o. 36 399 

_.___ 



TiffiLE 9. TABLE OF "t 11 VALUES FROM LIFFA"P. REI'!RESSION AN.ALYS~S OF EACH SET OF TWO 
DA7 INCREMEN'l' S IN Dii\METER FOR THE TEN DA~ PERIODS I N TABLE A ( APPE~JDIX 2 ) . 

I 

~ Soeci es. 5 1!:) 20 25 30 . 
Tricladium rrrac il e . Malt l't!l'9.r 0.22 1. 73 o. ~0 2.H~ 2.lg 

Czapek a2'"1r 1.4~ 1. 67) 2. 03 2.37 o.oo 
PlA.in ap:ar o. 03 1. 26 1. 73 1.37 1. 31 

Maize acrar 
'=' O .. E\5 2.23 2.52 1.00 o. 04 

Malt 
2. 

~~.-?:ar 1.66 2. 91 l.ll 2. 2'+ 1.64 

Czapek a12:ar 2.42 0.61 0. 95 1. 65 1.39 Tricladium sp1endens. 
Plain ag:ar o. 54 1.36 2.27 o. 04 1 .. 57 
Mai ze aO'ar 0 .. 29 0. 02 o. 00 0.12 0.36 

MRlt l==l.P-:A. T' 1. og 0.58 o. oo ?.16 o. oo 
3. 

Tetracl adium mar-
8zapek a~Z9r 0.41 o. 7)0 0.34 0. 31 o. 00 

chial anum. Plain RQ'Ar 1. 09 o. '-~6 2. 96 2. 9S o.oo 
Maize a,q-"'. r 0.61 0.71 0.15 1.11 o. 00 

M9.l t aa-ar 0.60 o. ()o 1. 20 0.20 o.oo 
4. _ ... --~ ..... 

Czapek a&?:ar O.>=i7 2.63 r4 ao·· o. 33 o. 00 \ . ./ .~ 

Articulo sp ora ·---4' .. 

t etracladia . Plain aQ'ar O. 5S 3. 00 o. 20 1.59 o .. oo 
lv1p,i ze :=trrar 0.~6 1. 5? 0.16 2. '+3 o. oo 

Malt aP-:ar o. 03 2. 26 2 . OS 0.94 2.86 
5. 

_.....,.-·- ~ 

Czap ek 13.1! ar ! • ?3 t 3. 27 . 1. 25 o.oo o. oo 
Clavariopsis .__ ---~ _ ... 

aq_uat ic a . Plain a~I"ar 2.19 1.16 o. 93 0. 84 2. 42 

MA.ize 0.98 1. 36 0.40 0. 22 r-;----ag13.r \3.39 :. 
'---· . . ·· 

"t" ::: 3.132 si&mifi cant "t 11 VF.tlues are ringed 

11p 11 -~ 0 05 . . 



Ti\BLE 10. 

CJ) 

~..:> 

0 
(i) 

ct--. 
rr; 
(i) 

c 
·rl 
C\-

'<;' 
r--

co 
s::: 
0 

H ·rl 
(i)~ 

rc.: 0 
H cr: 
0 H 

<;; 

~ ~ 
co c 
rl ·rl 

co 
c 
0 

~ ·rl 
(i)~ 

rcJ r ' _, 
):.., c- ' 
0 H 

0 
•'d ~ 
c s:; 
(\j ·rl 

.Resid-
U-9.1 

It e::1 . St'.":' of DeP"rees of M0ar.. Vari8.nce Pro b .g 1; i 1 it y 
q·..:• uares . Fre P. dom . 3ougres . Fhtioe . 

Temperatur e 7067 . 9~ ? 2-~~; 00. . . . " 4)~ 1. 69 0. 001 

ME'd.ium 2232 . 61 ? 760. 37 1 '-+? . 2<? 0. 001 

Speci es 2616 . 2g 4 554. 07 1?4. H~ o. 001 

Rep lication 2. 15 2 l. 0~ o. ~0 not siP"nificgnt 

'!' eJTiperature- ~p ecies 11 ~~ 3 . 31 12 9~ . hl 13 . 57 o. 001 

Tem!) erat u re:- i1e1i um 770. 62 9 ·->~ r.· 
1, __; . 

(-. r;; 16. 12 0.001 
I 

Sp (;Ci es-i: ~edium 2104. 55 12 175 . ?~ 33 . 03 o. 001 

Medium- ~eplication 15.71 6 2. 62 0. 49 not s i g;n i fie smt 

S~ecies-Repl ication 12 . 98 ~ l. 62 o. )1 not sie n i fic!:lnt 

Temperature-Replic- 2. 22 6 o. 37 o. 07 not s i gnificant 
at ion 

Temp .-Spp . -Mediu~ 152~ . 73 ?6 )+2 . )~ 7 . 0 ~ o. 001 

Temp . - Spp . -Rep . 175 . r-;6 24 7 "Z " . ; '"-- 1 . ?~ not si ,....nific A.nt 

Temp . -Med. - Rep . 8 0. 06 1~ !l. 
' • 

lio . ' 0 ~4 . - not si g-n i fi c qnt 

S~p . -1:·1ed . - Rep . 60. 20 24 2 . ~1 0. 47 not s i ':'.'nific.qnt 

Error 371.99 70 ::5 . "Z,)_ 

.. 

H~2 72 . 73 2)7 I 

I 

NOTE : The totql number o f :1e r r e es of f ree c.om and the c.e~rees of f r eedom fo r 

Error 2re r educed b y 2 to tq,}l:e i r:to ac co unt t he t 1,ro (estimated ) va lue s 

in Tal:: le B ( llpJ:endix 2) .,Thic h a r e incl tA :le:i in t hi s an qlysis. 



TABLE 1 2 . 

~ 
T:ricln.dium Tri cl ':l.:.: :Lv.m Tetr"l cl ':l.diw-r. 1\rt 1 c ·'l.o : .. : or0.. ~lA.variop sis 
c:rR.Ci1 e . sp 1 en d E~n s • I! A. :r c "li !J l ::tn urn . t etr<> cl~ :'li.o . aqua tic::t . 

. 

~~'-".l t 
A. n:ar . 

Czapek 
A":'"tr . 

Pl n.in 
a~ar. 

Maize 
l'l. G."a r . 

S?ECI E3 'i'OTiiL S 

·-
Totals in rn . m. 

TilBLE 13. 

f·.~ a.i n 
effects . 

lst order 
in t i.T9.C t ion s 

2na order 
in t F:r•1.c t i on 

Resi iuol 

130 .5 l T : . o 1 )~ . 0 ? <J t: ,..... _ :__, . . • v 246. 1) 

79. 0 7 ~~ . 5 Z·?l. 0 177 . 0 5?.. h 

130.0 l L!. O. 0 I 2'+7. 0 21-tO. 0 2St::i . 5 

151.5 19 0 . 5 2 ?~ . 0 2 r r · .:) l_ . •) 261) .5 

I 

).L9l. 0 ~~.l.~ . 0 ?5 ~4. 0 ~;,~ . 0 s1g.s 

--

V~~RIA:·iCE TAlL.S Fo;:-. liN.t~LYSIS OF VA'i i lu;.J~ OF Tii.~~ :i: B ( A?P ENDI X 2) 

X.TU;)INC+ :SOT'?' ~ 0°J . 1,N:·' C. ~. :.? ~:~Ir k·~·.tiR . 

.. . _ __ ___ --- ---- · 
It f'm , I Surn of :;)eP'r A0.S o f . , f ,qr. VariRnce 

S·c:ua:rE' s . Fre Pno m. ~CUDY'P 8, R!'ltio. 
----- . ·--

·r ernp ernture 670~ . Ot:; ? 2° ~6 . 02 ).j.q6. ·~? 

~·:p(l~1 urn 262 . 56 ? l ~1. 2~ ?() .17 

:-p eci e s 2 ~?'5 . 4 !J '+ t:jOO t:1_ . . 1~~.2'5 

Tei!1p. - Spp . l'~S ~ . ~9 1 2 l2l. -:>4 27.10 

·:·emp. - l::en.i ur- 4J9..~0 6 -:... r. .7S 15. 2~ 

Sp p . -lfipd iwr r::; ]_'J , !=;Q 3 64.24 l!~. 2'+ 
Temp.:-: S~: .!;; . - 5~7.1 7 24 21!. 11 7 54. 3~ 

edium . 
i'T:rr or ~ 3G . OO 119 4 . 50 

TOTi1L 128 79. 44 17~ 

i.Vl edi urn 
Totals. 

919.0 

6 05 . 5 

l 007 . 0 

1 096. ') 

~62S .O 

I 

Probal)ili ty. 

0,001 

0. 001 

o. 001 

0.001 

o. 001 

0.001 

o. 001 

. NOT~ : T~e tot~l de~r0 es of fre edo m 9.nd t"le erro r d e ~~ e ~s of freedom hnve been r educed 
by one to t fll~. e into ,Gcount t ):).e 11 est im2t c;~11 V-:'' lue in Tr-t l.'l e B ( fl.ppen Cl.ix ? ) '·'~~'hich 
i s includ ed in t h is ~ nalyc is . 



T.L'\3LE 1 ~ A. 

Species 

Means 

Temp. 
0 _.., 

v. 

Neans 

~-:ecli um 

~ :e::ws 

Means in 

T.L\BL£:: OF Bii.I F EFFECT l-1El\N GRO'·:TH INCRZ·fENTS EXCLU;JI NG )0° C AND CZAPEK 
A'}AR FOR THE TP.r D!IY PERIOD. 

Tricladi um Tricl ad.ium I'e trac1ad ium il.r tic u1 o spo ra C1avariops is 
:2'r':lci1 e spl end. ens marc i.l ia1anum tetrac1ad.1a aouatica 

11.!-l-4 l l·L14 17.03 20.04 21. '31 

50 15° 20° 25° 

6 . :51 20.19 25 .16 17.2-:s 
-----------

~·1al t P1qin --El.i Z F P.~·, r a7-"'r a_:T,!)y' 

---
15 . 32 I 

l h, 7>4. 1S::0 . 2~ 

m. m. 
0 

TABLE 14 B. 
1i 'T"\ .£; T__, -:- --: 17"' --~ 7 T "C·:-:1 ':'~ "";' 

..., ,.. "".-:.-: - D . '~ T'"~ ''\TQ 17"' 1"1 T !'-,i,., T 7 D --, ... T 0. T .~·; .- .. "G.l\.7\ ~-t..·- . . ...~CI .-,·':) ~ .·. ·.tt ·. ~ i\CTIO!~T . · ... ..111 J .~ .x .... r_r_,nr !. ·7 1 0 C 1\NDC . ...;il ~ ~~ 
N"+AR ~0::: "'~1:,_: .. 'T'-....r DA-- PEPIOD, 

~ 5 15 20 25 
8 

'Iricla.:iium crracile !:: • ~c 1~ . 28 l6.g9 7.11 

'I'r i clad ium splen·3ens - h7 ( . . 
1 ?:; r:_ (-) 
·- • • I .J 22. 0S 10. -:s-:s 

··--· - ... - -r--
Te tracla.J.i urr. m::-1.r· c ;:ial An urn r .. '39 y f)~ ~~.2~ 19 .17 . 

------------ - - ------- - -· ------ . ----
!l.rt iculosp or 2. t ·:. t r t;- c J. q r] i a ~ q4 2 '-~ . 3 ') ~t:). ~ ) 21 . 0h 

- · ·-
C1avari op s is a quRti c a ~ - ~,( ;::>!1 c:;o - ' . -·· 26 . () 7 21. )1 

~:eRns in m. rn . 8 . E . of -'~1 ff . b etwE.·en 'I' emp . -Species means o_ og -

1)-t 
0 

T.L\BLE c. T/i.BL~ 0 !1' T EMPERATURE-lviEDIU:: ·: I~ ' TE::RJ:. "'TI ON 1-iEJ\.l','S ~~~CLUDING 20 c M..TD ·:JZii:PEK 

FOR THE TEN Dl~Y PERI OD. 
·- · 

~ .. (\ 

I~ 5 15 20 2h J , 

urn - ----

- .- ~lt aq.qr 6.77 19 .03 22 . 73 12.7?: 
'---- - 1-·- - -

Plain "1 '-"8.r 7 . 73 19 .6 0 22 .15 17.~7 
1-- --· r. • . :e.1ze a,.,.:=tr ~ . o. -:s 21.~ ~ 2~.q5 21 . ) 0 

r.1 ean s i n !TI . rr. . 8. E. of di ff. 11 etr.rpen Temperature-medium means o. 77 

T 1\..BLE 1l-t D. Ti\BLE 0:<' 3PECJ ES-:·t: ~DIUl-1 P.J'J'?R.:\CTI CJI.T TII!EN,:s EXCLUDING 200 AND C'ZAP..EK AGAR 

THE TEN DAY PEB.IOD 

S. E. of cl.i f f. 
b etween means 

o. 50 

S. E. of ·:< iff. 
between means 

0 . 45 

~~ - or C. liT. 

between means 

o. 39 

--

AGAR 

FOR 

~ - Tric1ad ium TT'icl!3di um Tet r ac1adium 1\.rt i CL1lo so ora Olav.::~ riopsi s 
r~raci1 e spl e ndens m<' r chia1anum t etraclP ~.ia aquatica . 

MR.l t 9.Q'"l.Y' 1 o. ~? 14. iS3 11.50 1g. 33 20. 54 
I 

PlRin HrrB.r 10. 8) 11.71 20.~3 lS. 'lO 21 .29 
I Maize a~ar 12 . 65 1~ ~:! 1 9 . 0 0 2i.79 2? . 03 ·'·. --

means i n m. m. 8. E. of d i ff . het"~J~re en Specie s-Me •~ ium Me-'lns 



TABLE 15. T.lffiLE OF ~EAN cmmvTH Ii'70:Rt:-·" E'~Ts FC·R TEI~~?ERATURE-J;:EDITJ¥.-SPECIES INTERACTION 
FOR T'r!E T:1'T DJ\Y PERIOD F?m·. TABLE B, .1\PPEI,TDIX 2. 

~.tl:edium lr.eans for ~mp 
-~ 11) 20 2') )0 Each Soecies . 

Tric1adium :,:r aci1e .:a1 t a:-Fl r 5 .0 17. 0 l :: . g 2. 7 6. 5 50.0 

Cz.ap ek aq:qr 1. 8 9 . 3 ~ . 3 5.7 o. o 26.3 

Pl?..in arr.qr 7 . 2 16.~ 16 . ~ 3.2 ). g 47.2 

M£ti z E; ~Lr.:ar )_~. 3 15.7 1~ 0 ·' . 15.5 7. 0 57. 5 

Tricladium splen- :.·>'1.1 t ar,r,qr 7. 7 1S.3 ?.3 . 3 ¢ ~ 1.5 6o.s .. -' 

.:1 ens 
Cz -~-~ c!':'. 8. . :7.X' ~. 3 4- 0 . 9.0 g _ ~ o. 'i 25 .5 

:?1::-..in a :::ar 7. t:; 13.3 17.g 8 . 2 1 0.7 1)7.5 

IviAiZe '·1-:'"'..r 7. S 17 . 0 21J . 3 14.) 6.0 69.5 
I 

Tetracl adium M11.l t r-"q r l-t. 0 l6. ) 1~ . 7 7. 0 o.o '+6 . 0 
me.rc 1-:li:'ll ~nu'TI 

Cza··'Jf.l}' rp·=tr ~ . s 28. 0 23 . 2 ?11. 7 o . o 73.7 

Plair. .stc:·~r 8 ,') 20. 3 21).2 27.) o. o ~2 .3 

fllfl i ze al?::=t r 6 .7 21. :~ 25 . 0 2) . 2 o. o 76 .0 

1\rticul oscora :·'al t ..... . -·-:r 9 - 7 H~ . 7 
t ~t:::'c.cladia 

26.) 20. 7 o. 0 75 . 3 

Czrrp el:'". "'7?r ~ . s 1~ . 5 l ~ . ~ 16 . 0 o. o 1)9 . 2 

Plain a cznr 9.0 25. 7 21.1. 'i 19 . 0 o.o 78 . 0 

J~~ 1 z e a ;-rnr g _2 2e . 7 26 . 8 2).t:- o.o 37 . 2 

Clavario;:.. s is }lial t aQ:P..r 7. 5 23. :_.:. 26.0 24- . ~ 11 . 2 93 . 3 
-'lqua tic a 

CzRpek a..,.ar ~- 5 11.0 3 . 0 o. o 0.0 17 . 5 

Pl nin ar~"'.r 6 . 5 22 . 5 2t= . 7 30. 7 24. 2 109 . 3 

~"'-A. iz e -s. -~ar 2. 7 27. 2 23 . 5 )0. 0 2) . 3 112 . 2 

8 , E. c.U ff = 0. 77 

of difference he tween me~ns ~ 1.72 ~rowth rates in m. m. 

(Vqri:mce table for .qn<9ly s i s of v,-1rir nce of T.9.l:!le 13 , Appendix 2 , inclu-1inQ' 
0 

Czapek aq:~.r And 30 C is g iven in 1\.:open~ux 2, T8.bl e C.) 

I 
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