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E. C. Smith 

INTRODUCTIOIl 

The germination of sl~e mou1ds is a subject of 

intrinsic. interest. The life cycle of these peculiar organ­

isms presents a sequence of forms not paralleled in that of 

any other organism, plant or animal. Moreover, being near the 

dividing line between plants and animals, yet not in any 

direct line of ascent) a study of their 'behavior may well 

bring one close to the secret of life itself. Despite the 

1arge amount of study which has been devoted to this group, 

even a "beginner, if he comes wi th a. new focus of atten,tion, 

may add somewhat to the knowledge of their behavior. Only a. 

few species" and these chiefl,. European, have been studied in­

tensively by other investigators and the generalizations made 

are clearly based upon too limited observation. 

It is the purpose of this discussion to consider 

the germination of severa.l. American species figuring photo­

graphically f:Jr the first time their morphologic peculiarities. 

A study of this group may well expect to obtain 

results which will afford a basis for comparison with the 

The writer desires to acknowledge his obligations for aid 
of different kinds freely given 'by the following personas to 
Professor C. D. Learn of Colorado Agricultural College and to 
Mr. ]lrank A.Gilbert of the Far:low Herbarium at Cambridge, .Mass., 
for pa.rt of the material used in the investigations; above all. 
to Dr. L. W. Durrell for inspiration, counsel and assistance 
in the production of the micro-photographs which illustrate 
the paper. 
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pr~cess of germination S~ thorough~ worked out for fungi. 

This study is limited to the consideration of tne endosporic 

group of Myxomycetes, to such species as were rea.dily ob­

tainable and to so much of the life cycle of these as is 

comprised between the ripe spore and the formation of the 

plasmodium. The points on which attention is centered are,-

the method of emergence of the swarm spores, their shapes and 

sizes at different stages of tneir career, tneir character­

istic movements at each stage of deve1opmen~ the function 

and the occurrence of the biflagellate forms, the divisions 

and fusions observable and tne iJrmation of cysts and plasmodiL 

It is hoped to demonstrate more clearly defined stages, 

correlated with definite forms and movements, than ha.ve been 

hitherto recognized and to furnish data for some £Or some 

species which have not hitherto been the subject of careful 

study_ 

LlTERATUlB . ' 
Up to the middle of the 19th century the interest-

ing life cycle of the Myxomycetes was unknown and unsuspected. 

From the early part of the 18th century certain species were 

known in the fruiting stage and descri"bed and named by their 

disooverers'. Dillenius (21) and Buxbaum (18) were among the 

first to describe various species. Mionel! (32) figured some 



for.ma so exactly that his types are still recognizable today. 

The great names in this field of description, however, CLme 

somewhat laterJ Peraoon (36), Schra.der (39), and Fries (22). 

All of these writers assumed that what we nourcall~o­

mycetes~ were Fungi and that they belonged to the order 

Gasteromycetes. ]'ries grouped them in a suborder which he 

called uyxogastres, Link (7) in 1833, perceiving the inde­

pendence of the group, suggested as a substitute for the 

sub-order llyxoga.stres, the order lliyXomycetes, slime-moulds. 

The literature fails to make clear who was the 

first to observe a.nd record the fa.ct that in this group of 

organiams the spores do not produoe hypha.e, but ciliate swar.m­

oells or zoospores which, in turn, coalesce to for.m plasmodia, 

from whioh the fruiting bodies develop_ It is probable 

that this discovery was one result of a rather general applica­

tion of new and more thorough methods aI' research to all of 

the more minute forms of both animal and vegetable life whioh 

spread rather rapidly in the middle decade of the 19th 

century. Certa.in it is that the modern period in whioh this 

cycle is assumed a.s a matter of course begins with the various 

publications by deBary and his pupils and contemporaries. 

In consequence of this discovery, which indioated & 

relationship with the lower for.ms of animal life, deBarJ'ln 
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in 1858 intQj8duced the name l(vcetoz·oa. This name was accep-

ted by his pupil Roatafinski (S8), who in 1875 brought out his 

Slu~owce Monographia, which is the basis on which all Bubsequen,t 

systematic work in this group rests. Lister (8) in his 

Mycetozoa, which describes all species in the collection of 

the British Museum~also accepts the name, while Massee (SO) 

goes back to the name given by Fries, and Macbride (9} prefers 

the name suggested by Link. MYxomycetes. Thus does knowledge 

of life processes affeot ideas of relationship and olassifica­

tion. 

The literature of desoription and classification is 

voluminous, but some of the systematic writer~notably Arthur 

Lister (8) in ~E':ngland, Rostafinskl (38) in Poland and Schroe­

ter (13) in Germany, have oontributed much to our knowledge 

of the physiology of these organisms and many workers in many 

lands have devoted their e~forts for years at a time to 

tra.cing out the life processes of' the group or single species 

of the group and to a study of the conditions Which affect 

those processes, while cytologists have investigated various 

aspects of cell behavior in single species w.ith special. 

reference to the behavior of the chromosomes. l1'or a.ll these 

investigations the work of deBary haa been the starting point. 

:M:uch in:formation has been added as the years have gone by, 
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minor corrections have been made, new methods and appliances 

used. but in the main the account given by this pioneer holds 

good today_ 

DeBary's "Die Myoeto~ntt,. (The if1Ycetozoa) was first 
Jf 

published in 1859 in the Zeitschrift fur wissenschaftliche 

• Zoologie, pp. 88-176, and reissued in book form in 1864. This 

was f o1loYIed in 1886 by his "Morphologie der Pilze, Mycetozoa 

und Bacterientt' ( Morphology of ]'ungi, Mycetozoa and Bacteria) 

which in the following year a.ppeared in an authorized English 

edition. the translation being made by Henry E. F. Garnsey, 

Fellow of Magdalen College, Oxford, revised by Isaac Bayley 

Balfour, Sherardian Professor of Botany at Oxford. 

One other name associated with the decade of the 

60's should be mentioned, that of L. Cienkowski (2) who was a 

fellow pioneer with deBary and who is frequently quoted and 

referred to by deBary in his later book. He it wa.s who 

discovered the cysts and described their functLon. Some of 

his figux'es, as well as those of deBary, still appear in 

comparatively recent works. 
0) 

DeBary's brief statement concerning germination condi-

tions seems sounder than some more recent and more elaborate 

statements~ nThe requisite conditions for germination in most 

known forms are the usual spring and summer temperatures of 

our temperate climate and a sufficient supply of water. The 

majority germinate readily when placed in pure water, well-
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developed fresh material often in a few hours. Nutrient sub-

stances dissolved in the water do not hinder r:minationj this 

at least was found to be the case in Fuligo and Chondrioderma.-

He excepts from this stat.ement the Cera.tieae and 

Aorasieae. Famintsin and Woron1n (16) working at St. Peters­

burg had announced in 1873 that "The spores of Ceratium germi­

nate only when they have been thoroughly dried, and then only 

when they are not cultivated in pure water. To bring on 

germination under favora'ble circumstances in 30 hours it is 

necessary to bring the thoroughly dried spores into a drop of 

water to which has been added a little piece of coniferous wood 

which has begun to decay." 

A great number of different media were successfully 

used by different w,)rkers., usually a few species only being 

used in each test.!Jlard (41) used water with small amounts of 

mineral salta ( Ca, Mg." K., .Ka.) a.nd with roots of hyacinth; 

strasburger (40) cultivated Chondrioderma difforme in an ex-.......... """-""'""" 

tra.ct of dry stalks of Vicia faba.. Didymium effusUIr! also develop-

ed well in this medium in the experiments Klebe (26). 

ller (33) used hay extract and water with one percent of milk 

for cultures of Physa.rum cinereum, Stemonitis, Chondrioderma 

difforme and Didymiummicrocarpum. Lendner (29) used extract 

of Vicia faba for several species; Potts (37) cultivated Dic-

tloatelilllrJ. l'uucoroides in extract of kernels of~ :.ill:azs. 



Solid media in great variety were also tried out. DeBary 

(11), Cienkowsky (2), Rostafinsky (38) and van Tieghem (41) 

turned to the natural substratum on which the species exper-

imented with grew. Lister (8) used -bi ts of Stereum hirsutum .........--..--""...... .... . -
for the culture of Badham~~ utricularisi. Cienkowsky (2) 

cultivated Licea 12annorum <?.n bits of carrot. Other experi­

mentors used agar agar with extraots of organic substances. 

Nadson (34) cultivated Dlcty:ot\teliU!ll in the following nutrient 

solution: distilled water 100 co., glucose 5 gr., peptone 1 

gr., potassium phospha.te 0.1 gr., magnesium sulphate 0.1 

gr., calcium phosphate and iron phosphate. 

rrhe most extended work on the condi tions of germina.-

tion of slime-moulds was d'Jne by J. C. Constantineanu (3) 

at Halle in the Laboratory of Professor Klebe. In ~s 

inaugural address at Halle,Constantineanu presented t results 

of tilree years work. In tilis he says : ttJlY own experiments 

had for their goal first, to determine for several species 

the conditions under which germination of the spores takes 

place. I was further concerned with the question by what means 

plasmodia might be attained in the culture and under what 

conditions the formation of pla.smodia and of fruiting bodies 

take s 1> 1 ace. tI' 

In the first instance he takes .issue wi th Vuillemin 

(14) and Pinoy (12). The former had stated that the spores 



of Dictyosteliqrn m;:.coroides never germinate alone, but only 

from the moment when one adds tD them a suitable kind of 

bacteria. Pinoy went much further. ~e wrote (12) . • 

"In a series ,')f researches directed to endosporic myxomycetes 

I have been able to show that if, taking all necessary pre-

cautions, one sows the pure spores of ei ther Chon.d:.rioderma 

diff'Jrl1!e or Didymium effusUIn, even upon a maceration of de­

cayed wood, one observes no development; if, on the other 

hand, one adds bacteria., one observes successively the germi-

nation of the spores, the formation of amoebae, of the plas-

modiurtl and of the spore-bearing apparatus. One of these 

bacteria ( Ba.cillus luteus) has shown itself the most 

fav )rable. ,. 

Constantineanu c~)ntends that in the case of quickly 

ge~inating species introduced bacteria could not possibly 

develop rapidly enough to have a direct influence on germi-

nation and that even in the case of slJwly germinating kinds 

the influence of bacteria was not on germination, but on 

later development. This influence on later development had 

already been made clear by experiments of Lister, ~ladson, 

Potts and Celakovsky. 

Jahn (6) in the preceding year had said: "Whoever 

busies himself wi th the sj)ores of very cormnon species 

{Aethalium septicum, Lycogala evidendrol1, Stemonitis fusca, 
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Trichia :varia) has the unpleasant ex.perience that they generally 

do not germinate. .Almost certainly capa"ble of gerJllination 

in distilled water are only the spores of .det1.cJllaria and 

Amaurochaetej to be depended on to some degree are those of 

Dictydiwn difforme, Stemopitis fusca and Badhamia p1acrocarpa.. 

:1:'he species of Stemoni tis do not germinate. ft That this is a 

cornmon experience is shown by the statemen'c of Durand (4) 

that out of a large numoer of recently gathered slime-moulds 

only one, }~nteridium rozeanum, germinated, though many cultures 

of each species were made. 

Constantineanu was successful in germinating the 

spores of fourteen species, among them those of a Cribraria., 

a genus where no germination had previously been obtained. 

His table showing the elapsed time between the sowing in 

distilled water and tne beginning of germination is as follows: 

Reticularia Lycoperdon 

Aethalium septicum 

stemonitis splendens 
var. flaccida 

stem·~)nitis fusca 

Perichaena depressa. 

Amaurochaete atra 

Didyrnium effusum 

Badhamia m~crocarp& 

tycogala miniatum 

30 minutes to 1 hour 

30 minutes to 1 and 1/2 hours 

5 to 6 hours 

5 to 6 hours 

5 to 6 hours 

6 to 10 hours 

12 hours 

12 to 18 hours 

60 hours 



Leocarpus ~icoaup 

Physarum didermoide~ 

Dictydium umbilic~tum 

Cribraria aurantiaca 
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24 h;)urs to 6 days 

24 hours to 10 days 

:; to 20 days 

20 days. 

His cuI tures were in hanging drops in van 1.i'ieghem 

cells. The percentage of germination ran 1'rom 55 percent to 

100 percent. He concluded. that the spores of most endosporic 

species could be germinated in distilled water. He further 

found that tap "/ater did just as well as distilled water and 

with some species ga.ve more regular results. He also secured 

the germination of various species in the different nutrient 

media which had been used by others. He found that free 

mineral and organic acids exercise a harmful influence; that 

carbohydrates, espeoially certain sugars, ar e a help in the 

geraination of certain species, "but affect others very slightly. 

He secured slight germination of some species at a temj)erature 

of 2 to 4oC .. , and found tha.t the maximum temperature endur-

able for some species to "be 30°, f~}r others 35, and for two, 

40°. High temperature for a limited time followed by room 

temperature hastened germination in most species. 

'llhis last sta,tement had 'oeen proved by Jahn in 

the preceding year. He recognized several stages in germina­

tion, the first stage having a much higher optimum temperature 
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than succeeding stages. He gives as an instance: nSpores of 

Reticularia. wnich have lain dry for eight months germinate 

at 210 after 30 minutes. ~ihen sowed in water at 37° and 

allowed to remain in the thermostat at t.llistemperature they 

usually did not germinate. When the temperature or 37° 

was endured for only five minutes and then lowered to 21° 

they germinated in 11 minutes from the first sowing. 

All these statements are mere refinements upon the 

general statements of deBary and the end result appears to 

be that germination generally takes place in water at a 

temperature varying from 21° e. to sooe., at times varying 

from 30 minutes to 20 days. the time being fairly constant 

for each species under similar conditions, but that not all 

the spores germinate and that sometimes none do. 

'JTnat now follows the rupture of the spore envelope? 

Again let the pioneer lead off. DeBary\' )(p. 422) tells the 

simple story: 'tThe germinating spore swells fi rat of all by 

absorption of vv'"ater, nd one or two small. vacuoles, which 

disappear and reappear alternately, are seen near the upper 

surface of the protoplasm in Which rotating movements are 

often observed; at length the membrane bursts and the proto­

plasm oozes or creeps slowly out of the opening. The proto­

plaslnicbody then ei tner at once, as is the rule, or after a 
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transitory period of rest, during wnich it assumes a spherical 

form, commences amoeboid movements, undulating changes of 

outline and protrusions and withdrawls of pointed. processes, 

and in this way becomes an elongated body which moves about 

in the water like a. swarm spore and is known by the name of 

swarm-cell."' ------------- "The swarm cell has no firm membrane 

but careful observation shows that it is surrounded 'by a 

tolerably broad, pellucid and indistinctly defined envelope 

of the c onsi stence of muc ilage. tt 

"The movements of swann cells are of two kinds: a 

hopping and an amoeboid creeping m0vement. In the first 

the cell floats freely about tile water wi th its anterior 

extremity usually turned upwards. This extremity is finely 

p;)inted, the point being drawn out into a long cilium 

or flagellwn with an undulating and swinging movement; in 

excel)tional cases only are there two cilia. -- The body thus 

constituted rotates round its longitudinal axis in the cir­

cumference 0:1' a cone the apex of which is formed by the poster­

ior extremity. The cilium swings with an undulating motion 

from side to side, making the swarm cell move in a similar 

manner and advance in one direction; sometimes there is no 

rotation. Ifhe body at the same time exhibits constantly vary­

ing undulatory movements of its surface, with bending and 

contraction and recurrent expansion of parts.-
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ttIn the creeping movement the swarm cell lies on 

the firm su'bstratum , and ei ther advances in one direction 

with a vermicular movement and with the cilium stretched 

out in front; or it assumes a roundish f:>rrn and thrusts out 

pseudopodia in every direction and then draws them in again. 

Swarm cells with purely amoeboid motion have been unnecessar­

ily distinguisned by the nrone myxamoebae. tt 

"The swarm cells multiply by bipartition. Before 

division the svrarm cell contracts into a spherical :.form and 

the cilium and vacuoles disappear. This is followed by the 

appearance of an annular constriction in the middle which 

speedily becomes deeper and in a few minutes divides the body 

into two spherical halves which at once reswne the characters 

of motile swarm cells." 

rtIn a few days most of the swarm c ells have the 

creel)ing form in which they are wi thout cilia, and many have 

increased in size and contain single large strongly refringent 

granules. Then they approach close to one another and again 

separate, till at length two or three are seen to come into 

close contact with one another and to become fused into a 

single body, the young plasmodium. t. 
Between the years 1899 and 1912 hardly a year pa.ssed 

vlithout some publication on ~lyxomycetes by E. Jahn of the 

University of Berlin. A few of tnese publications dealt with 
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geograpnical distribution, but most of them 't~vere devoted to 

intensive studies of different portions of the life cycle of 

single species. In 1t05 one cownunication was devoted to 

t1The Germination of the Spores"(6). In this paper he divides 

the whole group into sections on the basis of the method of 

germination. He says: ttrrw.o entirely different types of 

germination are to be distinguished, that of Ceratio!llYxa and 

that of other myxomycetes. n In CeratioPlYxa the spores are 

borne on stipes and there is no envelope enclosing them. When 

mature, the s,;;)ore nucleus divides in~ karyokinetic fasnion 

and then these divide again, so that the spore has four nuclei. 

It tilen passes into a state of rest. On germination an 

amoeba appears which divides into four little balls which 

divide again, passing into eight swarm sporeSt each with its 

own single nucleus. (rhe flagellum is then produced and the 

swarm spores conduct tnemselves like those of other species."" 

His statement regarding the endosporic species seems 

contradictory. He first makes tne general statement that in 

all other species -besides Ceratiomyx& normal spores have only 

one nucleus. He then distinguishes in these two SUbordinate 

groups according to the course of germination. I give his 

exact wording so far as a translation may give it: 

tt- a. The Reticularia Type. In ReticulariqLycoperdon 

BUll. an a.moeba first comea forth from the spore, remaining 

quiet for a snort time after germination. Then, with vigorous 
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streamings of the plasm, it acquires a nose-shaped projeo­

tion and begins, with peculiar twistings, to push the fla­

gellum out of the projection. One can easily follow all the 

stages of the growth of the flagellum. The swarm spore then 

stretches itself and takes the form of an interrogation point 

or an "S". The flagellum may be complete in 15 minutes. 

During the wha"e time a pulsa ting vacuole at t.i1e rear end is 

in action. ft • 

.. b. Didy;mium rrype. DeBary studied the germina­

tion of Didymium. He discovered that a division of the amoeba 

takes place within the closed spore membrane. He avoided 

more exact statements concerning the process of flagellum 

building.' • 

nIt is easy to establish the fact that tIle swarm 

spores which are killed and stained during the ger:mirlation 

come forth from the spore envelope with shorter and longer 

flagella. Tlhe first appearance of the flagellum therefore 

probably takes place within the closed membrane. After germina­

tion the swarm spores at first remain quiet, then they stretch 

themselves and complete the formation of the flagellum, but 

wi thout the cnaracteristic twistings of' the foregoing type. 

In many of the species which germinate in cnis fashion balls 

of slime, as described by deBary a.nd Cienkowski come forth 

and after germination are pushed aside. l'hese slime ba.lls 

are lacking in type 2a. ( Tile Reticularia Type)." 
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- I have as yet become rruniliar with only one kind 

which behaves in the fashion of rletic~lariaJ Enteridium 

rozeanum, an American form. ffhe Physareae and the Trichieae 

gerrnina te after the fashi on of 2b. (Didymium I'ype). ll'ransi­

tion forms between 2 a and 20. appear among the Stemoniteae.* 

v..&.carly he makes his types depend on whether the 

flagellum is formed before or after emergence from the spore 

envelope. The implication is that only a few species are of 

the .cteticularia type and that all Physareae and Trichieae 

belong to the Didymium type. But what about the division 

Gf the amoebae within the closed spore membrane? Jahn does 

not again refer to this, nor does he apparently see that tnis 

contradicts his statement that "in all other species 'besides 

Ceratiomyxa normal spores have only one nucleus ?~ 

In 1899 Henrique Plenge (11) disc:)vered and described 

a connecting structure between the flagellum and the nucleus 

in the swarm spores of myxomycetes and l?lagellates. In the 

same paper he dealt with the relationsnip oetween the cilia 

and the protoplasm and nuclei of l;itetazoans, l.a.ter turning his 

attention exclusively to these latter forms. It remained 

for Jahn (5) to exploit and carry further this discovery. 

discriminating between the flagellum base and the bell-shaped 

body which connects it with the nucelus, the movement of the 

latter pulling the lower part of the flagellum with it. 
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Plenge worked wi th DidyPlium, J"alm \Vi th Stemeni tis flaccida. 

J"ahn connected his treatment of the formation of the flagellum 

with a discussion of the division of the nucleus. He says: 

ft1 have sought out the nuclear divisions and followed the 

lonnation of the flagellum in seven species. In five of these 

species the flagellum sprouts after the completed division 

and reconstitution of the nucleus. ;rhe division itself is 

a more or less normal karyokinesis, the course of which was 

already given 'by Arthur Lister in 1893. it 

"In two other species, on the other hand, Stemonitis 

flaccida Lister,and Reticularia Lycoperdon Bull., the 

flagellum takes place during the last s'cages of the karyo­

kinetic nuclear division. In the ftrst of these species the 

division generally follows iznmediately upon the germination.'· 

This article is ela.bora.tely illustrated by figures enlarged 

to a scale of four thousand diameters, showing each stage 

in a complete mitosis. 

Olive (35) and Harper (23) in this country also con­

tributed much tc our knowledge of the ordinary and reduction 

divisions of the nuclei, Olive working especially with 

Ceratiomyxa, Harper wi th :Fuligo varians and Didy!l1ium. 

Both t:nese workers as well as Jahn agree in tne oe.Lief that 

the evidence indicates a sexual reproduction. 

Lister describe\s otner motions of the swarm spores 

besides those menti oned -oy deBary, a dancing motion While 
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while floating freely in the drop of water and a snail-lake 

creeping movement on a flat surface, this movement being 

associa.ted with a. linear form, the fla.gellum extended in 

advance. Lister implies, though he does nOG explicitly s-cate 

that the flagellum is invariably formed after emergence from 

the spore envelope. 

Cienkowski described and named the cysts • DeBary 

gives a very clear statement based on Cienkowskits researches, 

Lister adds an interesting and significant note, while 

lSacbride fails to mention them in his introduction. 

DeBary correlates tne two kinds of cysts with the 

sclerotia, regarding all three as Transitory Hesting states. 

Into these states all stages having the power of motion may 

pass, returning again under iavorable conditions to the state 

of movement. To quote deBary once more: "It appears -----­

that tnese transitory resting states are not necessary 

members of tne course of development. Their f:::>rmation would 

seem to take place only when the development of' the swarm-

cells into plasmodia. or of plasmodia into sporangia is interrup­

ted by insufficiency of food, by slow desiccation, or by slow 

cooling to below a certain minimum. But there are a number 

of observations which also point to other at present unknown 

causes. The state of movement is restored when the bodies 

after desiccation are again placed in water at the proper 

temperature." 
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Lister's observation is fi In all cultivationsof 

germinating spores, a number of swarm-cp~,a.fter a short 

period of activity, withdraw tne flagellum and become en­

cysted in a globular form ( the microcysts of Cienkowski) 

After being dried and rewetted, the contents burst the mem­

branous cyst-wall, which remains as an empty hyaline sac. 

and emerge to resume their activity.tf 

trhe microcyats are resting-stages of swarm cells. 

They are spherical, surrounded by a hyaline wall or a firm 

marginal layer and are usually slig:ltly smaller than the 

spores'. 'fhe marcocysts are resting-states of very young 

plasmodia. They, are also spherical, but have a double 

wall much thicker and less permeable than that of the micro­

cysts. Just how long tnese cysts maintain their vitality 

is not known. Microcysts have been revived after a duration 

of two months. OWing to the thinner envelopE; the microcysts 

revive much more quickly than the macrocysts. Sclerotia are 

resting-states of fUll-grown plaSlrlodia. The shape depends 

somewhat on the species, "but in all cases masses or strings 

become bri ttle and horny. This state has been o"bserved to 

endure for eight months. Placed in vlater such sclerotia 

return to the ordinary plasmodial form in a period varying 

from six hours to several days. 
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European writers generally make a distinction between 

the truly amoeboid, non-flagellate forms a.ppearing at tiL la.te 

stage of development and the plasIDJdia. which resul t from the 

coa.lescence of two or more of these forms,aalling the former 

"amoebae u or ftYyx;amoebae-, although SOIDe writf::rs call the 

form taken on emergence H.Amoeba. if- ..3nglish and .American 

writers generally do not make such a distinction, but in­

clude 'both stages under tn.e term I1Young PlasmJdiumn or 

u sma11 Plasmodium."" 

The plasmodium has received attention ever since the 

time of deBary and is now included in the descriptions of 

species in systematic works,. Besides the treatment in all 

general works of recent date special articles are available 

by Cienkowszi , strasburger (40), Lister (8), Ayres (19), 

Clifford (20-), Harshbarger (24) and Hilton (25). 

For our purpose one citation is sufficient, calling 

attention to two distinct types of movement exhibited by 

myxamoebae. We quote from Schroeter's (13) introduction to 

tt1JfyXogastres It in ~ngler and Prantl's "Die Naturlichen Pflan­

zenfamilien."" 

ftThey now move by creeping, a hyaline projection 

pushing out in one or more parts of the border and the granu­

lated portion moving into these. Through the pushing forth 

of new prOjections, tne drawing in of some, the pulling up 

of the mass, they constantly change their form and move 
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f'orwards.. Certain differences may be observed in the kinds 

of movements of the separate species. One distinguishes the 

Limax-form, in which the amoebae creep about slowly with & 

pushing forward of the front end and a dragging after of the 

hinder end. and the Proteus-form, where the blunt or pointed 

small processes { pseudopodia} are pushed out on different 

sides and the form thereby rapidly changed. " 

Directions for laboratory treatment, based on the 

extended studies of many investigators and on personal 

experience are given in Ernst KUster's UKulturJ' ,der Mikro­

organismen- (27). American laboratory manuals (notably 

that of ehamberlain ) base the section on Myxomycetes largely 

on an article in the Journal of applied Microscopy by Howard 

Ayres (17). 

Lister in the introduction to his "Mycetozoa" adds 

an item regarding the relation of bacteria to swarm-cella. He 

says: "If bacteria are introduced into a cultivation of 

swar.m-e,lla on the stage of the microscope, they are seen 

to be laid hold of by the pseudopodia. and drawn into the in­

terior of the swarm-cells. where they are enclosed ,in & di­

gestive vacuole. Several bacteria are brought in turn to the 

same chamber, or fresh captures are conveyed into one or more 

additional vacuoles. The protrUsion of pseudopodia usually 

ceases for a time after such ingestion, and the hinder end of 

the swarm-ae11 takes a rounded form. In the course of an hour 
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or two the bacteria are assimilated, and the digestive 

vacuoles disappear.~ 

this directly contradicts the statement of deBary 

(p. 452): tIThe facts recorded above show tha.t the food is 

taken in during the swarm-cell condition only in the fluid 

state or state of solution, and this is the case, at least in 

most instances, with the plasmodia."' 

In the literature reviewed one finds broad general 

agreements, diversities of opinion on specific points, a 

tendency to generalize from observations on a few species, 

a focus of attention on certain points to such an exclusion 

of. other easily observed phenomena that the reader often 

gets a blurred impression of the sequence of stages in the 

life cycle. Durand (4) in the Botanical Gazette of 11arch. 

1894, gives the story of the germination of Enteridium 

ro zeanum , stage by stage, correlating the movements observed 

'vith the sta.geof development and describing the features 

taken for granted in the r arts of older and more experi-

enced men. 

The present study does not concern itself with 

nuclear divisions, but it does attempt to see and describe 

what happens in succession in the life cycle of a number of 

l1iTy:x:omycetes a.nd to correla.te the size and movement~ of a 

DUl)lber of species wi th the stage~eVelopment reached. 
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l\[ATERIALS ~ METHODS. 

The material available for study consisted of 23 

species of ~iyxomycetes, some t.::atb.ered "by t.l.le author in Estes 

Park, Colorado, during week-ends in OctGber and l~()vernber, 

sJme collected by Professor C. D. Learn in eastern Iowa in 

August, 1925 and some secured from Mr. 2~ra.nk A. Gilbert 

of the .b1arlow lierbar ium at Harvard Uni versi ty, tllese last 

naving been collected in eastern ~iassachusetts during the 

summer of 1926. 

The species are as follows, comprising representa­

tives of four out of five of tne grand divisions of the groups 

set forth in l~cbride'B North American Slime-Mouldsr Fuliso 

septica (Linn.) Gmel., Badhamia lilacina (Fries) Ros t., 

Badhamia rubiginosa (Chev.) Rost., Physarum slnosum ( Bull.) 

Weinm., Physarum notabile Macbride, Cienkowski reticulata 

(Alb. and schwein.) Rost., Leocarpus fragilis (Dickson) Host.,_ 

Muci1ago s~ongiosa (Leysa.) Morgan, Didymium melanos;eermum 

(Pers.) Macbride, Didymium xanthopua (Detmar) Fr., Dider.ma 

testaceum (( Schrad.) Fers., Diderma radiatum (Linn.) Morgan, 

Stemonitis fusca ( Roth.) Rost., Diachaea leucopodia(Bull.) 

Rost.~ Enteridium splendens Morg. (Enteridium rozeanum (Rost.) 

Dictydium cancellatum Macbride, Arcyria incarnata Pers., 

Hemitrichia serpula ( Scop.) Host., Hemitrichia vesparium 

(Batsch.) Macbride, Hemitrichia v1avata (!ers., Rost, Trichia 

varia (pera.) Ro at., Trichia decipiens ( Pers.) Macbride. 



Determinations were made 'oy the use of Lister's 

It'Mycetozoa", Macbride t s Uorth ,d·merican Slime-YIoulds" and 

sturgis' "The Myxomycetes of Colorado."'(~a)Duplicate specimens 

were sent to Professor Macbride at Iowa City and to the 

Farlow Herbarium at -iarvard University where the determina.-

tiona were confirmed and in one case corrected. 

The method of study employed was that of continued 

observation of cuI tures of tile spores of tl1e different species 

in hanging drops of water. The customary van tfieghem cell 

was discarded in favor of a support designed by Dr. L. W. 
( 3J) 

Durrell. This support and the usual slide from which the drop 

of water depended was set in a Petri dish lined with filter 

paper and wet with water from the same receptacle from which 

the drop had been taken. 

It was realized that "pure wa.terU or even "distilled 

water" is not the srune thing at all times and in all places 

and that some of the conflicting results in attempts at 

germination might be due to differences in the W'd.ter. Accord­

ing t::> Kusano (28) acids bring on germination and alkalies 

retard it. Webb (15) showed that the optimum concentra-

tion varied for different species and that in most species 

there was considerable lati tude on e1 ther side of tile optimum 

in which germination took place in almost equal degreeo. ifhe 

object of t~is study not being the conditions under Which 

germination takes place, but the successive stages in the 

development, only so much attention was given to this matter 
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as was necessary to secure gennination in reasonable amount. 

Experiments were made with solutions of tap ater at different 

pH values from 4 to 8. It was found that the tap water as 

it came from the tap varied between pH 5.5 and pH 6.8 and 

gave rather better results as it caflle from the tap than when 

acidified with Hel. Distilled water with a pH value of 5 was 

tried in a series of cultures. but was found to work not 

quite so well as the tap water. That results might be com­

parable tap water with pH value of 6.8 was used in the 

experiments which were finally tabl~lated. 

Each cultivation consisted of six plates, the spores 

for all six drops being taken from one sporangium whenever 

that provided sufficient material. While the experiments with 

regard to optimum degree of acidity were being carried on 

six plates of the same species were carried under similar 

conditions as to temperature at each degree of acidity used. 

For a considerable time parallel cultures were carried in 

distilled water with a value of pff 5 and in tap water with 

a known pH value Jf 6.8 

Experiments wi th regard to optimum temperature were 

merely incidental to securing germination. For a time 

parallel cultures were carried in a water-jacketed chamber 

kept at a temperature of 200 cr., and on a table in a room 

where the temperature varied from 220 to 260 C. rhere was a 



slight advantage shown in the higher temperature and this 

was used for purposes of oomparative record. On a few occa­

sions where it was desired to hasten germination the cultures 

were given five minutes in a thermostat at 37~ 30 minutes 

in an oven at 30°, or moistened with water a.t 400 which 

was allowed to 0001 to room temperature. 

As experience was gained cultures were observed 

under the microsoope immediately after wetting,with the 

surprising result that ocoasionally swarm-cells were obser­

ved in these perfectly fresh cultures, not active, ind'ed, 

and possibly qysts, rather than swarm-cells. Moreover, 

it was advisable to know precisely what else besides spores 

of the given species was present in the culture. Knowing this 

at the outset enabled one to discrtminate more clearly later 

between swarm-oells and other objects. Bits of the capilli­

tium and of the outer envelope of the sporangium sometimes 

closely resembleswarm.-oells. No attempt was made to secure 

so-called "pure cultures", except to see that only one species 

of MYxomycete spores was present. Bacteria a.re considered 

in.dispensable to the development, if not to the germina.tion 

of all species of the ~roup. It was not necessary tointro­

duce them into the oultures as Pinoy contended; they were 

always present, intr)duced with the spores_ It was noted that 
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the bacteria in some cultures were quite different from those 

in others .. 

After the time of germination was approximately known 

the cultures were set at such times that the very beginning 

of the process might be observed. Observation of the living 

oul ture. was checked by study of stained slides,. these in 

turn being interpreted by the living forms. It was found 

advisa.ble to scrutinize the slides after tne cultures were 

killed and fixed before staining, as occasionally certain 

details were plainer here than in the st~ined slides. Again. 

the stained slide was examined before the fi1m of water from 

the washing had dried, experience proving that frequently 

there was a greater clari ty in the slide at t...'1is time. 

The stain constantly used was an acid fuchsin in 

alcoholic solution. Various other stains were experimented 

with,. safranin, gential. violet, methylene-blue, orange G 

and Haidenhaints iron-alum-haematoxylin. but none gave as 

good results as the fuchsin. If the slides required clear­

ing, they were slightly over-stained and thea. when dry, were 

cleared and the stain thinned by placing for a. moment in . 

alcohol. The preparations were fixed and killed in one 

operation, the slide bearing the culture drop being inverted 

for a minute or so over a wide-mouthed bottle containing 

osmic acid, covered meanwhile by the inverted glass stopper 

of the bottle. After killing the slide was a.llowed to dry 
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and then stained. Tne stain was applied directly by a glass 

rod and after 30 seconds the excess was washed off under 

the tap. 

In sufficient material or difficulties in the germ1-

nation made the results less satisfying with some species 

than with others, complete observations only being possible 

when sets of cultures were carried through many times. 

However, in all cases the cultures were carried through to 

the point designated by liIacbride as '·small plasmodia tt and 

by German writers as "myxamoebae lt and in most cases true 

plasmodia were obtained) in a few cases being kept alive for 

10 days or more without addition of nutrient media. 

EXPERI~NTAL DATA 
• J • 

IntroductJry. 

Germination was secured in all the species worked 

with and carried through to the plasmodial stage with all but 

one, the experilnent ending at the myxamoeba stage in this 

case because there were no further spores obtainable. In only 

a limited number of species was complete germination obtained, 

the percentage of germinating s)ores varying from 5 to 90 

percent. 

While scrutinizing the cultures for evidences of 

emerging swarm-cells certain features of the spores which 

might have an influence upon germination Vlere forced upon the 
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attention. In the first place, the dry spores differed in 

shape ~rom the vretted sp~res quite frequently, being of 

varied shapes and exhibiting certain sharp angles which looked 

as if they might become lines of rupture when the swarm spores 

issued. Whether t:a.is was the case was not definitely deter­

mined, though it was observed later that some of the spores 

did rupture in a straight, amooth line. The wetted spores 

in all cases became spherical or nearly so. In the second 

place. there was a striking difference in the size of the 

spores of the same species, even in spores taken from the 

same sporangium. Mere size, perhaps would have no effect upon 

germination, but the striking difference in this particular 

suggested a possible difference in thickness of envelope 

which would affect its permeability. Even more important 

was the clear indication in some cases of immaturity which 

would unquestionabl, affect the germination, perhaps in 

more than one particular. This initial intimation of 

difference in power of germination was fully borne out by 

the results obtained in the cultures. 

Anotller interesting feature which one needs to be 

on his guard against is the apparent appearance of swarm-cells 

in freshly made cultures. In not a few instances when 

cultures were examined immediately after the wetting of the 

spores several objects indistinguishable from non-flagellate 

swarm-cells were clearly visible. The natural inference is 

that some germination had taken place before the~orangia 
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were gathered and in a gradual drying out the swarm-cells 

had become encysted. If the culture nad not been examined 

unti1 some time had elapsed tnese would naturally nave been 

taken as evidences of recent germination. 

Another phenomenon observed at this pre-germination 

stage occurred in a single species only, but was sUc';gestive 

of the changes going on within the spore at this time. While 

watching a culture of Enteridium rozeanum a single spore) in 

a field containing many spores)was seen to revolve on its 

axis at a moderate rate, turning three to six times in one 

direction, checking its movement, revolving a few times in 

the opposite direction, then stopping or revolving in the first 

direction, then coming to a rest. Changing the field)this 

same procedure was noted in other spores. There was no sign 

of a prqjecting flagellum. ( this was verified by fixing, 

killing and staining the preparation); the movement was due 

to some interior force, probably correlated with movements of 

the swarm-cell~ as it lay within the spore. 

The Emergence of the j!arm-6ell. 

The emergence of the swarm-cell is dismissed in a 

few w)rds by deBary, Lister and lJacbride, but is a fascinating 

process to watch)with certain su~gestions of mystery surround-

ing it. The statement usually made is that the spore-wall is 
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ruptured by the swelling of its contents. "which slowly 

emerge and lie as a nearly pellucid globule by the side of 

the empty spore-case." The spore-case is ruptured, indeed, 

but in most cases there is no visible sign of rupture while 

the swarm-cell is emerging or after it has emerged. ]'irst 

there appears a tiny bead upon the curving surface of the 

spore. Irhis gradually increases in size until it nearly 

equals the '.tPore. As seen under the lens it is) indeed, 

nearly pellucid, of a beautiful light green c:;lor, but with 

visible flecks or granules wtlicn. show as tne focus is 

changed. Later, when it has m0ved away from the spore, the 

empty case can not, in most species, be distinguished from 

the ungerminated spore. Apparently the swarm-cell passes 

thr;)ugh the spore-wall wi thout leaving any sign of its passage. 

'Shile this is true of most species, it is not true 

of all those worked with. In the case of Badhamia lila-cina.z: 

Badhamia ~ubiginosa and occasionally DidYmium melanocarp~ 

and pbysa.rum notabile a definite line of rupture appears 

through which the swarm-cellon account of its color is plainly 

discerned. This line of rupture in these species is straight 

and extends over half or nearly half the circumference of 

the spore. As the prBssure increases the slit becomes a v­

shaped opening filled by the swarm-cell. At last the swarm­

cell slips out much as the pulp of a grape slips out of its 

covering wnen pressure is applied. Some writers, having 

observed this method of visible emergence, conclude that this 



-32-

is the usual procedure. _~ven in this case the valves, i1' we 

may so na.~e the separate portions of the spore-case, usually 

come together after the escape of the c0ntents and present 

an appearance hardly to be distinguished frrnn that of un­

germinated spores. While the turgid spore-cases are gay 

deceivers, the shrunken Cases when dried and stained reveal 

~ V-shaped openings or smooth lines of rupture which indicatez 

~ pJssible \I-shaped openingS at some stage. Sometimes the 

line of rupture is less regular, but in general a large cla.ss 

of species conform to this type of emergence. 

still another variation in the manner of emergence 

is presented -by a few species in which the swarm-cell is 

decidedly larger than the spore from which it issures. Here 

the swarm cell apparently fills a circular opening while 

emerging, an opening almost as large as the total circum­

ference of the spore. There is no suggestion of a sli t or 

a V. Usually after emergence of the swarm-cel~ the wall see$S 

to be miraculously renewed, but the empty cases can usually 

be distinguished by their color. In old cultures an occa­

sional spore-case appears as a hemisphere with an irregular 

or ragged edge as if one half the spore had been torn away 

by the cell in its emergence. Illustrations of this type 

are Fuligo aeptica and Enteridium rozeanum. 

Swarm-cells on emergence vary in size from 6 I'L 

in BaHhamia rubiginosa to lOp. in Ppysarum notabile, averaging 
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8p in diameter. In some cases the swarm-cells are distinctly 

smaller than the spores, in others distinctly larger. those 

of Enteridium rozeanum sJmet,imes being one and one-half times 

the size of the spore. 

Along with the swarm-cells, sometimes in advance 

of them, slime-balls issue from the spore-envelope. These 

were first noted and described by Cienkowslt1. They are 

little transparent globules with a slightly denser center. 

When abundant they Cbud the drop of water and make exact 

observation of minute details difficult, if not impossible. 

Slime-balls were observed in cultures of the followins 

species: Badhamia lilac ina, Badhamla rubiginosa, Ppysarum 

sinuosum,Didmium melanospermum,.Diderma testaceum, Didertn& 

radiatum, Stemonitis fusca, Hemitrichia vesparium, T~ichia 

decipiens and Trichia varia. 

Jahn·s Didymium type is based upon Didymium difforme, 

a ~ecies not accessible to the writer. Jahn states that the 

swarm-cells issue with the flagellum fully or partly formed 

and that the Physareae and Trichieae are of this type. Of the 

species worked with, only one, Diderma radiatum, showed the 

flagellum even partly formed as the swarm-cell emerged. 

Lister, in his Ulntroduction"- makes no exception to the rule 

that the flagellwn is formed after the swarm-cell has emerged 

from the spore-case. Certainly in the species of Physareae 

and Tricieae observed by the writer no swarm-cells emerged 

with the flagellum formed. 
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~ahn states that deBary studied the germination of 

Didymium and discovered that a division of the amoeba takes 

place within the closed spore membrane. This division 

takes place in other species and seems a sounder basis for 

types than ~ahn's presence or absence of flagella at emergence. 

In six species the emergence of two swarm-cells from one spore 

envelope was clearly observed, in two species in several 

different cultures of different ages. The most striking cases 

were in Badhamia. lilac ina and .3a.dhamia rubiginosa. In the 

former a bluish bead first appeared on the rim of the apore. 

This had a reddish point at its center. This bead grew until 

it reached a diameter of 6 p then detached itself from the 

spore. It was followed almost immediately by a second bead 

which started with a diameter::!f ~";}J. or less, swelled until 

its diameter was 6 ~ to 7 p and then detached itself from the 

spore. These two swarm-cells had no suggestion of a flagellum. 

This process was observed in three different cuI tures. l'here 

was one variation, the two swarm-cells in one case issuing,. 

not one after the other, tandem-fasrtion, but at the same 

time from a distinct cleft in t.ne spore a short distance from 

each other. In early cultures of Badhamia rubiginosa it was 

noticed that recently issued swarm-cells were always in pairs 

and very small in com)arison to the size of the spores. 

Later two nuclei were Been in several ungerminated spores. 

Later still the actual eEergence of two swarm-cells from the 

same spore was witnessed. In one case the division was not 

complete and the two swarm-cells were still united after 



emergence, presenting an a.ppearance similar to t.hat of a 

peanut with a rather deep constriction. The division was 

completed soon after the spore envelope was left. The other 

species in which two swarm-cells were observed to come from 

the same spore were Ppysarum sinuosum, Physarum notabile~ 

Diderma radlatum, Hemitrichia serpula. and Trichie. decipiens. 

Two specie s of Rid:ymium,..1?.t... melanospermum and J2.:.. nigripes 

var. xanthopus were observed in many cultures without arriving 

at a satisfactory conclusion on tnis point. 

rrhe elapsed time between the wetting of the spores 

and the observed emergence of the first swarm-cells varied 

from a minimum of 25 minutes wi th ]'uligo septica to a maximum 

of 20 hours with Muoilago spongiosa. The time for each of 

the species observed will be given in Table 1. While there 

are differences in the average time for different species it 

seems probable that in certain cases the times shown in the 

table are likely to need revision. Some species were carried 

through many sets of cultures, up to 10 and even in one case 

to 15 sets oj six cultures each, while in a few cases) owing 

to extremely limited material) only one set of six cultures 

was made. 

A very noticea:ble phenomenon is the long period 

over wnich emergence of swarm-cells continu~ In the case of 

one set of cultures of Physarum notabile, Macbride, the first 

escape of a swa.rm-cell from its envelope was noted at six and 

one half hours from the wetting of the spores. Germination was 



meagre, but fairly continuous up to the ninth day, when 
wc£s 

suddenly the cultureAfilled with recently issued swarm-cells 

Even on the 13~ay some germination was observed. This was 

doubtless unusual and an extreme case, but the rule was to 

find in cultures three days old or older every stage from the 

emerging cell to tbe myxamoeba. This was true even when the 

spores were taken from one sporangium. 

Formation .2£ ~ Flagellum. 

The swarm-cell emerges in the form of a sphere or 

near-sphere. It lies near the spomin a resting state, at 

least quiescent, for a period varying from a few minutes to 

several hours. lio distinct amoeboid stage with cnaracteris-

tic amoeboid movements apart from the formation of the flagellum 

was observed except possibly in the case of Leocarpus f!agilis 

and even here there was room for doubt. Observation of 

a given culture c~uld not be continuous and such movoments may 

possibly nave taken place without being noted. Other move-

menta were occasionally observed. Both at this stage and later 

non-flagellate swarm-cells were seen to advance by a spasmodic 

hitching or twitching movement which carried them forward 

about half their diameter with a recoil about half as great. 

In the cases where amoeboid movement was possibly connect-

ed with this stage the movement was never vigorous and no 

slender pseudopodia were projected. 
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The definite amoeboid movements seen were connected 

with the formation of the flagellum. rrhis process from 

beginning to end was observed in several species. While 

alike in general features the process varied in certain par­

ticulars a.s seen in different species. Whether the differences 

were due to the species observed or to the limited number of 

observations can only be determined by further experimen­

tation .. 

As seen in a culture of ~uliso @eptica four days old 

tile pr()cess was as follows: \Vatching a quiescent spherical 

individual apparently recently issued from the spore the 

writer saw it begin to change its shape .H'irst a slight 

protuberance appeared at one point on the sphere. After a 

little this was pushed out into a point. Then the whole body 

elongated until, except for the point, it resembled a sausage. 

After an interval of rest movement was resumed. ~vVhil.e the 

movements involved change of outline they did not seem like 

true amoeboid movements, but rather due to violent activity 

of the body as a whole, properly described as twistings and 

jerkings of the whole organism. 'fhese movements brought about 

a. partial projection of the flagellum which was plainly 

visible under the power used ( magnification or 640 diameters). 

Il'he flagellum, af~er being thus pushed out, was withdrawn. 
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The twisting+ and pumping was resumed. i~t this point a 

change was noticed. ;ne base grew wider until the body was 

shaped like a wide-based pear. The wide base was SeDn to con­

tract, pushing t~e body-content forward into tae anterior por­

tion and holding it there by a deep constriction, like that 

between t:ae links \.)1' a chain of sausage or that between the 

thorax and abdomen of ants. (rhe anterior portion, now sw:.)llen 

to nearly twice its normal size, contracted and forced the 

flagellum out further than the earlier a.ttempt. 'fhis was 

accompanied and followed by convulsive jerks, twistings and 

corkscrew movements. The contortions continued for some time, 

-becoming less violent, wi th restperiods between. \(llen the 

flagellum was fully formed the spherical shape was resumed 

with the flagellum floating nearly upright. ;filewnole per­

formance consumed 12 minutes. 

In Badhamia lilacina the beginning of the process 

was identical. A spherica.l swarm-cell slowly changed its shape 

but did not become nearly so elongated as in the case of 

Fuligo • There was no observable constriction. Instead, some­

thing of the srune effect was produced secured by a pro­

nounced bending to one side, the anterior portion pressing 

strongly against the wider base and thus pushing the body 

content forward. There were S03e corkscrew contortions and 

some spinning on the axis. Again, the spherical shape was 

re sume d on t~1e c omple ti on of tne 1'1 age llum. 
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In l4i d.ymiurn melanospermum tilere wa.s no visible con­

striction and t.ile shape a.ssumed was much like that of the 

swarm-cell of Badhamia. The cooononest, most often repeated 

movement was one in which the free tip 0:( the anterior por­

tion traced a circle 01 some size, tne base fixed ana the 

body tracing the form of an inverted cone. The outstanding 

difference, however, was the fact that when the flagellum. 

was co~pleted the spnerical shape was not resumed, but the 

sausage-shape or elongated pear-shage was retained. 

In Enteridiurq rozeanum an extrerae elongation of the 

body precedes the flagellum formation, so that it measures 

12 p by 2 to 3 p. The cont9~tions do not seem to be more 

violent than in the other species observed, though Jahn states 

that they are distinctly more violent than in DidYmium difforme. 

~ Fir~~ Flagellate Stage. 

After the flagellum is formed the swarm-cells enter 

upon a stage which may endure a few hours only, but which in 

some cases lasts for a couple OJf days. It is practically 

impossible to determine the exact duration because the 

emergence of fresh swarm-cells and their transformation into 

flagellate forms goes on usually for at least two days and some­

times for more than a week. 

A great variety of forms is assumed, some species 

being less stable in this particular than others. The term 

~yriformtt has been in general use ever since the swarm-cells 

were first observed and perhaps is a s descriptive of general 
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type as anyone term ~ well be. In notes made at the time 

of the observation it occurs as frequently ~s any other. 

The writer's preference is for tlfig-shaped. tl Other des­

cri.ptive terms, sometimes accompanied by rough sketches in the 

notes, are ftsausa.ge-shaped 't , .. ellipsoid ft, "oblong in sense 

used in descriptions of leaves,tt novoid," utriangular,U 

"flatiron-shaped." In aome species all these forms are assum­

ed, in others only a part of them. rPhese changes of shape 

are f·requently spoken of as If amoeboid n J but in the wri ter 's 

experience tnere is rarely any exhibition of pseudopodia 

at tnis stage and it seems better to reserve that term for 

movements where pseudopodia are concerned. Apparently the 

spnerical form is Oasic, even in the species where it is 

least often assumed, for from it all the other forms come a.nd 

to it all the forms at last return. Badhamia rubi8inosBJ 

Badhamia lilacina, Hemitrichia vespariura for the most part 

maintain the spherical form; Diderma radiatum, Cienkowski 

reticulata, Arcyria incarnata. and Trichia decipiens show a. 

preponderance of oval, ovoid, oblong or triangular shapes; 

while the other species observed exhibit the pear or fig 

shape most frequently. 

Biflagellate swarm-cells at tilis stage were noted in 

tne following species:- Fuligo seotica, Badhamia lilacinaJ 

Didymiwn melanoSEermum and Diderma ~adiatum. In every case 

the two flagella were on the same end of pointed or 
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elongate formst but. in one Dider.ma culture several spherical 

swarm-cells had flagella extending from opposite sides of the 

s:phere~like wings. '.Ehe cells were ratn-"~-r small and occurred 

in a culture 21 hours old, so there is a possibility that cell 

division had taken place,. and that these forms belong to the 

second flagellate stage.( See Table 2.) 

Certain movements, it not precisely limited to this 

stage of development, are at least cnaractaristic of' it. Chief 

.~ong these is a continuation of some of the movements asso­

ciated with flagellum formation long after that organ has 

reached its extreme extension. The -ori)ad base of the pear­

shaped form rests upon the slass of the slide, the upper part 

of the body ~-,lJving wi th the flagellwn so that the surface of 

in inverted cone is traced, creating a little v;)rtex and in 

some cases visibly drawing "bacteria to a point where they are 

ingested by the swarm-cell. Sometimes, it is true, this move­

ment 1s associated with progression, the hold on the slide 

being released, "but in the great majority of cases observed 

t.i1.ere was no progression. Occa.sionally this mJvement is 

varied by a snapping and curling Jf the flagellum. 'llhis 

movement, minus the body participation is also exhibited by 

the spherical forms. In a few cases the movements irresistably 

suggested a fisherman Itwhipping't a trout.rook. Darting 

movements with the flagellum leading are also common. Sometimes 
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a circling movement is indulged in, tl1e circles being of 

both large and small radius. In notes taken at the time this 

movement of the swarm-cells of J?uli~o is likened to that of a 

dog chasing his tail. This note recurs in connection with 

movements of cells of Physartun notabile, :Jidymiwn melanosper­

!'!!B!L. Cienkowskia. reticulata, Stemonitis fusca and Hemitrichia 

versparium. Spinning movements were also observed. There was 

a conspicuous absence of movement through the water by -the 

rapid lashing of the cilium." 

Cell Division. 

In Ceratiamyxa, an exosporic species, J"ahn reported 

that t~e amoeba which issues from the spore divides into four 

separate swarm-cells which divide again before any flagellum 

is formed. 

In six endosporic species ( named in the section on 

Emergence of the Swarm-cell) a definite cell division takes 

place within the closed spore envelope. Here we seem to have 

a connecting link between the methods of the endosporic 

and exosporic species. 

The occurrence in very young cultures, soon after 

swarm-cells have begun to emerge, of swarm-cells hardly more 

than half the normal size leads to the suspicion that a cell 

division sometimes occurs after the emergence and before the 

formation of the flagellum. 
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In most of the species observed, this division takes 

plaoeonly after a flagella.te sta.ge of uncertain duration has 

'been followed by a resumption of tne spherical form and the 

wi thdrawal of the i"'lagellum. This last process is called 

oy the German wri ters "rounding off't ( runden sieh ab). 

rfhe actual cell division was several times observed 

in this and succeeding stages. The spherical swarm-cell 

changes its shape, the outline becoming elliptical or oblong, 

s. constriction a_pears in the middle section, becomes deeper 

and deeper until only a thread unites the two parts; this 

finally gives way and the two daughter cells begin a separate 

existence, after a time )roducing flagella. The whole process 

occupies from t.airty seconds to a little over a minute and so 

is easily missed. The daughter cells are at first decidedly 

smaller than the mother cells, but in time reach tne size of 

the original issue from the spore. 

~~cbride (9) states that division beyond the first 

of course takes place only in suitable nutrient media. In the 

experience of the writer it has gone through to the fJurth 

generation both in tap water and in distilled water in some 

cases. In a culture of Enteridium 12 days old, which had 

exhibited myxam:)ebae and plasmodia in their due season, a 

large number of flagellate swarm-cells, not over one-fourth 

the size of the original i saue t '.vere found. Occasi onally the 
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formation of the flagellum in tnese daughter spores was ob­

served. 

Apparently this division did not take place in all 

cases, but the "rounding off" was followed immediately by the 

myxamoeba stage. 

Second flagellate stage. 

";Nhile this stage in some ways resembles the first 

flagellate stage there are other differences than that of 

initial difference in size. When the shape is not spherical 

it is less pointed than in the first stage and more regular. 

The elongated forms are "best described as ellipsoidal • .:t're­

quently they are angular , presenting an outline almost that 

of a rectangle longer than broad, but somewhat narrower at 

the flagellate end. 'rhe movements are more frequent and more 

rapid. A spinning movement, continued for some tune, and 

occasionally reversed was quite common. Notes taken a.t the 

time descri-be this as like the motion of a pinwheel. Dancing 

movements we~e also very common. Dartings to and fro with 

frequent change of direction were noted. In this darting motion 

the oroad end was in the lead and the flagellum trailed behind 

like a trailing piece of string or the tail of a horseshoe 

crab. A less frequent movement, always associated with an 

elongated, worm-like shape, was that of creeping on the glass 

slide. This was never observed in the first flagellate stage, 

but only after division had taken place. Perhaps it is even 

more characteristic of still later stages, having been observed 
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in cultures five, six and seven days old and in one case in the 

swarm-cells germinated from cysts on the 23~~ay. Notes taken 

at the time of observation describe the form in various terms. 

Now it is called slug-like, now larva-like and again caterpillar­

like in form and movement. It progresses by "undulating 

movements, the flagellum upraised and advanced. M In Stemonitis 

fusca the movement is described as "waddling like a duck" 

In cultures or Diderma testaceum and Enteridium r,ozeanum it was 

noted that the flagellum and anterior p-Jrtion of the body 

were elevated and waved with a weaving motion like that fre­

quently seen in caterpillars. In these cultures the creeping 

forms predominated. In both the last named species biflagellate 

forms were observed quite different from those previously men­

tioned. The second flagellum came from the posterior end of 

the body and trailed behind apparently as a dead load. It was 

about the length of the normal flagellum, but slightly thicker. 

Continued observation demonstrated the fact that this second 

flagellum was more easily retracted than the normal one. In 

one case it was distinctly forked at the end. In the stained 

preparation the body was shortened and the rear flagellum 

frequently disappeared. .b'inally , it '~vas retracted almost 

completely while under observation, thus demonstrating its 

na.ture as a pseudopodium, even though of a peculiar type. 

(See Ta ble 2 and :b1igure 8. » 
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Again the loss of the flagellum and the resumption 

of the spherical form are noted. Here one occasionally notes 

movements which may be connected tllli th the wi thdrawal of the 

flagellum.W'ithout any progression twitching or jerking mo­

tions become, almost continuous. At tL~es, when two cells 

are near each other it looks as though they were indulging 

in a Jig; at other times two gamecocks sparring at each other 

are irresistibly suggested. It was not until it was realized 

that these particular movements bore no relation to the near­

ness of the other cells and that they characteristically 

occurred just before the loss of the flagellum that they 

were connected with that process. 

ll1sroclsts. 

It is just at this time of loss of , flagellum and 

"rounding off~ that microcysts usually appear if at all. 

Earlier writers generally sta.te that the occurrence of cysts 

depends on a gradual drying out of the culture. Lister (8) 

says: "In all cultivations of germinating spores, a number of 

swarm-cells, after a short period of activity, withdraw the 

flagellum and become encysted in globular form. After being 

dried and rewetted, the contents burst and the membranous wall, 

which remains an empty, hyaline sac, and emerge to resume their 

actiYity.tt In our experience no gradual drying out wa.s necessary 

to their formation; nor did they occur in all cultures or with 

all speoies; nor was drying out a.nd rewetting a necessa17 
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preliminary to tneir ~r.mination. Some, kept continually in 

a waterdrop in a maist chamber, germinated after the lapse of 

several days; others were allowed to dry out and, after remain­

ing dr,y for several days were rewetted; these usually ger­

minated within 12 hours from the rewetting. The germination 

re.sembled that from a spore; some of the cells issuing \Vere no 

different in appearance from those emerging from a spore, 

others assumed almost at once the worm-like form previously 

desert.bed. 

~!tyxarnoeba. stage. 

While some swarm-cells become cysts, most of them, 

whether without dividing or after one or more divisions, come 

to the myxamoeba stage. Here a striking change is to be 

observed. While growth in size may be observed in c ells of 

the second flagellate stage, these forms never surpass and 

rarely equal in size the original swarm-cells. suddenly in 

place of forms 6 ~ to 8 ~ in diameter the culture teems with 

forms 16 IlL to 20,tJt.. in diameter. This surprising increase ia 

size is accompanied, probably caused by a change either in the 

substance of the cell or in the arrangement of its various 

constituents. The granular and hyaloplastic elements are 

differently arranged and the proportion of the latter is 

greatly increased. Stained preparations show that this change, 

at least in its beginnings, is under way before the flagellum 

is lost, but is not complete until the flagellum has entirely 
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disappeared. TWo distinct types of movement, both amoeboid 

in character, were observed. Certain relatively small formst 

not exceeding 8 'Lin length, displayed the movements called 

by Schroeter n Protean~. These affected principally a rather 

elongated form associated with the projection of numerous 

rather slender pseudopodia~ first in one direction and then 

in another. 1he form was constantly changing and streaming 

was frequently observed. Even when at rest the form was very 

irregular, quite like the figures presented by Cienkowski 

and deBary. The forms most frequently noted, however, were of' 

a; very different type, the one Schroeter calls the uLimax 

type~. Here there was no projection of slender pseudopodia 

in ma.ny directions,but a slow steady advance along a rela-

tively broad front of the hya.line ectoplasm which widened as 

it advanced until the Shape resembled that of a fan. The tip 

suggested a photograph of the tip of a lava-flow as it reaches 

nearly level ground. The distinction between the granular 
C(nOL th~ h.Jevlc:>p~c.c-s"1'H. 

portionAwas very definite. Gradually the granular substance 

flowed into this expanded portion and usually after a moment 

of rest the movement was continued. There was a constant 

tendency to assume a circular outline as seen under the lens 

and this was the charaoteristic resting form. In stained 

preparations this tendency was a.ccentuated. Some of these 

myxamoebae were sean to be in contact with the glass slide, 

but for the most part they were observed at or near the 

surface of the drop. The general assumption seems to have 
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been that they creep about on the sUbstratum. whether of glass 

or of s:)me solid media. lio mention of this movement at or near 

the surface has been met with, though Woronin calls atten­

tion to the fact that the zoO'spores of Chromo;phyton rosan­

offi .. are able to creep on the surfa.ce of the water and 

P:f"e:f'fer (lO) says that this is not surprising, .. since the 

surface tension film is capable of affording the required 

resistance.-

~Plasmodial Stage. 

While in a real sense this stage is distinct from 

the preceding one, the two overlap in such a way that the 

distinction is frequently blurred. If size is made the cri­

terion we are confronted with the fact that some myxamoebae 

are larger than some plasmodia; if we make the number of 

nuclei the distinguisning cnaracteristic we are often baffled 

by our inability to locate any nuclei in the plasmodia; if 

we make fusion the test, we are faced with the fact that in 

certain species the large flagellate swarm-cells which precede 

the myxamoe'ba stage are demonstrably the result of the fusion 

of sma.ller swarm-cells. Yet in general the distinction holds 

good and serves a useful purpose. Plasmodia are always the 

result of fusion of myxamoebae; they are usually larger; and, 

if the nuclei can be made out are seen to be multi-nuclear. 

Moreover,. there are ill-defined, not easily described differ­

ences springing out of this combination of character~which. 
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after some experience, makes the discrimination easy and 

natural. 

MYxamoebae approach each other, touch and draw back. 

This contact without fusion may be repeated a number of times, 

but at last a contact is established and maintained. Sometimes 

two, more often three were observed thus in contact, sti11 

maintaining separate identity. Gradually an ~elope of ecto­

plasm surrounds and binds together the different individuals 

of the group. the outline as defined by the ectoplasm being 

circular. At this stage the original limiting membranes and 

the separate nuclei are clearly visible in stained preparations. 

-Gr'lQually-tl3:& mem~Pafle8 disappear and all siens 01' the originaJ. 

~4miting mem~panee and the acpa~ate nuelei ape clearly~iei~l~ 

4D ital~eQ ~peparatiefte. Gradually the membranes disappear 

and all signs of the original outlines are lost. During 

this fusion there are no visible movementa. no extrusion of 

pseudopodia. 

After a time the newly formed plasmodium begins to 

move about in characteristic amoeboid fashion, extruding 

pseudopodia and drawing them back. sometimes proceeding with 

Limax movements, sometime. extending a pseudopod and capturing 

bacteria. This last is frequent at this stage. After the 

ingestion of bacteria ~ the plasmodium usually remains 

qu·iescent for a time before reswning its activity. During this 
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qui.scence a spherical or elli~oid form is assumed which makes 

it difficult to distinguish from large myxamoebae. 

The formation of plasmodia was made the "terminus 

ad quem~ of the present study, but several cultures were 

carried far beyond this stage and several interesting facts 

were noted. Despite the ingestion of bacteria the plasmodia 

thrived better and lived longer if a nutrient, like dextrose, 

was added to the culture in weak concentrations. Occasionally 

macrocysts were formed. both when the culture was allowed to 

dry ou~ and when the drop and the moisture in the chamber were 

maintained. ~hese cysts have wal~which enable, them to live 

through a protracted drought. Sometimes fresh germination 

of spores continued long after plasmodia were formed, 1n ane 

case up to the 20~ay. Sometimes plasmodia were seen to ingest 

swarm-cells of different ages and sizes and even spores and 

empty spore-envelopes. Sometimes, after germination had 

ceased and no intermediate forms were present, the plasmodia 

were associated with numerous¥ flagellate, minute and exceed­

ingly active swarm-cells. 

The limitations of drop cultures force a separate 

treatment of the normal development of plasmodia and the 

formation of sporangia. 
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CONCLUSIONS 

Tne experimental results are interpreted in the light 

of the reported results of previous investigations. Many of 

these reports concern European species and are accessible only 

in German or French. The present experiments are confined to 

species found in America, but a sufficient number are identical 

with those reported on in the European experiments to afford 

a useful check. In most cases the European investigators 

worked with a very smal~ number of species and directed their 

attention to certain particulars· - flagellum formation. 

nuclear division, conditions under which germination takes 

place. Constantineanu, indeed, carried on continuous observa­

tions ~ of 14 species and determined the elapsed t~e 

from the wetting of the spores t~ the first emergence of the 

swarm-cells and the first appearance of plasmodia in the 

cultures, but he did not describe the appearance or the move­

ments during any stage of the development. ~ahn observed and 

described the flagellum formation in two species, but his 

attentian was focused upon the accompanying mitosis_ 

Present experience enforces the conclusion that 

cultures of any species must be repeated again and again before 

any statement is justit'ied. Cultures from the same gather­

ing or fruiting forms and even cultures of spores from the 

same sporangium act differently under identical laborator,J 
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conditions • .Tap,nts statement that certain species generally 

did not germinate and Conatantineanu's statement that these 

same species did germinate readily in distilled and tap 

water are 'both exemplified in the experience of the present 

writer. It is well also to remember that water, and even 

distilled water, is not the same at all times and in all 

places,. The discrepancies in results might possible be 

eXplained in some cases if the pH values of the water used 

were known. 

Comparison of present observations wj_ th the genera1 

statement of Jahn concerning the emergence of swarm-cells with 

the flagellum already formed and Listerta observations, 

repeated by the present writer. on the ingestion of bacteria 

by swarm-cells, with the statement of deBary that food is 

taken only in a fluid state or in solution, suggests the need 

of adequate observation of many species before general state­

ments are indulged in. 

The experiments reported in the preceding pages show 

that there is far greater latitude in the conditions under 

w,rlich germination takes place than is stated by most authors 

and completely corroborates the statement of deBary. As 

Kuester (27) points out, in the case of myxomycetes there is 

no question of "pure CUltures,· since bacteria are indispen­

sab~e to the normal development, if not to the germination of 
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need of introducing bacteria. As a matter of present 

experience, these were always intrDduced with the spores, 

being present either upon the spores themselves or upon the 

spore-cases_ 

It was surprising and pleasing to find in the drop 

culture an almost complete a,'bsence of the fungi which so 

bedlv'l cultures on nutrient agar. In over eight hundred 

preparations these occurred less than a. dozen times. It was 

thought necessary to familiarize one's self with the forms 

of zoospores of the Flagellatae and chztridiaceae. but none 

~f these occurred in the cultures. Plana+ians were usually 

present, but these were easily distinguished from the swarm­

cells. 

The latitude in temperature and acidity proved to 

be quite extensive. Germina.tion of nearly all the species was 

secured in temperatures ranging from. 18 to 2SoC. Several 

species tested germinated in solution ranging from pH 4 to 

pH "I. Doubtless the optimum was often missed, 'but tempera­

tures between 20° and 25°0. and pH values between 5.5 and 

6.8 proved very good common denominators. 

Under these average conditions the striking differen­

ce,s, in' germination and development observed were seen to be 

due primarily to differences within the spores themselves and 
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not to external causes. These differences, as suggested by 

the appeara.nce and behavior of the spores, were due to 

differences in the maturity or differences in the nutrition 

content of the 6 pores. 

In most of the literature relating to the germina­

tion of spores of slime-moulds no distinction of stages is 

made in describing the forms assumed and the movements made 

by the swarm-cell. trhe present experiments show that even 

within the swar.m-ce~1 period there are distinctive shapes and 

movements associated with the first swarm-cell stage different 

from those exhIbited after division has taken place. 

The observations of elapsed time between the wetting 

of the spores and 'the first observed emergence of swarm-cells 

give results fairly parallel to those obtained by Constan­

tineanu. but cover more species, and for the most part, 

different spec ie s. 

The movements were seen to be far more varied than 

the literature prepared one for. In particular the move­

ments of the flagellum not connected with locomotion impress­

ed the observer. 

rrne temporary character of the flagellum and its 

similarity to a pseudopodium were strongly impressed upon 

the observer. Instead of being the outstanding mark of a swarm­

cell, it was present less than 50 percent of the swarm-ce11 
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period and where cell division took place more than once 

was produced and withdrawn several times. ~en this fact 

is brought into relation with the not infrequent appearance 

of two flagella on oneindividuaJ. a.nd the observed pseudopodial 

relation of one flagellum in cases where this second cilium 

appears at the opposite end of the body, a conviction grows 

that the~e~alike in nature if not entirely so in 

function and permanence, the shape assumed being due to the 

same properties in protoplasm eDlibited under different degrees 

of surface and internal tension. 

In the species studied, jahnts statement concern­

ing the emergence of swarm-cells in certain large groups 

with the flagellum already formed was not confirmed. It is 

true that he worked with different species from any observed 

by the \v.riter and that we have no reason to question his 

statements concerning these species. 

The emergence of two swarm-cells from one spore 

envela.pe observed in six species, does not 'see_to have found 

previous record in the literature. 

The tendency of swarm-cells and plasmodia alike to 

assume the spherical form at various times and under various 

conditions of internal or external shock or stress is very 

pronounced. The resting stages before and after cell division, 
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as well as those before and after flagellum formation, come to 

be associated by the observer with those more protracted rest­

ing stages knOWE as cysts. 1ne changing form and the pro­

jection of flagella are dynamic phenomena; the spherical 

for.m is static and basic, due to the surface tension as in 

other liquids segregated in minute quantities. Here we find 

our_elves face to face not merely with the debated question 

whether these forms are animal or vegetable. but also nea.r t'o 

the very ~ine between the living and the non-living. This 

protoplasm, It the material basis of life," shows i tselt akin 

in its static phases to other liquids, but in its dynamic 

phases it seems to hold all the possibilities of all the 

various types of life which the universe displays. 

The definitely limited work here reported on invites 

further study along two distinct lines~ :f'irst, the securing of 

data parallel to those here presented for an )ncreasing number 

of species of slime-moulds that a broader basis for genera~­

ization Inay be secured; second, the intensive study of selected 

species that the life processes and physiological reactions 

may be more clearly and intimately known. 
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SUlDr.ARY 

This study is limited to endosporic fungi and to 

that part of the life cycle included between the ripe spore 

and the young plasmodium. 

The materials for study consist of 23 species illus­

trating four of Macbride's five sections of endosporic myxo­

mycetes. The identification of the species was cheeked by 

sending duplicates for identification to 'the :Farlow Herbarium. 

of Harvard University and to Professor Macbride at Iowa 

University. 

1:he method used was that of observation of living 

cultures in hanging drops of water taken from the tap, but 

of a known pH" value ( 5.5 to 6.8), at a rO,om temperature 

varying from 20 to 25°0 •• cultures were prepared in sets of 

six, usually all the spores being taken f rom one sporangium. 

These cultures were repeated, usually several times. Observa­

tioDS of living cultures was checked by study of stained 

preparations made at regular intervals. 

Germination was secured in all species worked with 

and development to the plasmodial stage was observed in all 

but one. 

In the emergence of swarm-cells as ordinarily ob­

ee7Ved the cells appear to issue from the spore without any 

visible opening through which it passes. In a few cases such 



-59-

~ an opening does appear; in other cases the rupture of 

the ~ore envelope is revealed only in old cultures and mostly 

in stained preparations. 

In all speoies except Did,erma ,!a.dlatum the swarm-cells 

observed issued without flagella; in six species two swarm­

cells emerged from eaoh spore. 

The elapsed time from the wetting of the spore to 

the first observed emergence of swarm-cells va.ried from 25 

minutes to 23 houra. Swarm-cells continued to emerge for 

several days. 

The production of the flagellum was a-bserved in 

e:ultures of several different species. This was accompanied 

by a change from the spherical to an elongated form and was 

accomp1ished 07 a variety of violent contortions varying 

slightly in the different species observed. 

These. flagellate forms do not preserve a constant 

shape, but different species do affect a more or less pre­

vailing form. The i.orms most characteristic of this stage 

exhibit also some movements which are characteristic, par­

ticularly those of the flagellum in securing food. In this 

stage biflagellate forms occur. 

Ce11 division in certain species takes place before 

the swarm-cell.s leave the spore envelope; in a few cases 

the division probably takes place soon after the swarm-cell 

emerges and before flagellum-formation takes place; in most 

ca.se sit come s afte r the flage llum has 'been formed t used and 

wi thdrawn. 
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After division has occurred the daughter cells ex­

trude flagella and take on shapes and exhibit movements 

different in some respects from those exhibited by the origi­

na.l s-\;varm-cells. ]'or a time they are also of a smaller size. 

B4.flagellate forms with the two flagella on opposite ends of 

the bod7 are fairly common at this stage. Oceasional fusions 

of these cells to form larger swarm-cells are observed. 

These swarm-cells eventually withdraw their flagella 

and take on the spherical shape, sometimes maintaining this 

for a number of hours a.nd forming a distinctive feature of 

cultures. 

A rema.rkable change then occurs. The size increases 

greatly and the general appearance undergoes a marked change. 

Not only the size, but also the consistency' a.nd arrangement 

of elements in the body is strikingly different. True 

amoeboid movements are displayed and bacteria are ingeated 

~oremarkedly than in previous stages. This myxamoeba stage 

lasts from two to four days. At this time cysts are frequently 

formed. 

These myxamoebae fuse to form plasmodia characterized 

by larger size and plural nuclei, but exhibiting much the same 

appearance and movements as the myxamoebae. Kacrocysts are 

~or.med at this stage, with double walls. 
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Present results warrant the statement that there is 

a great latitude in the conditions under which ~lime-moulds 

will germinate. There is no need for nutrient solutions, no 

need for the introduction of bacteria, no need for great care 

in excluding other organisms or in controlling acidity or 

temperature .. 

Under the condi tiona of' o"bservation it seems clea.r 

that the striking differences in germination and development 

are primarily due to causes wi thin the apores and not to 

externa.l conditions .. 

The time of emergence of swarm-cells averaged less than 

in the experiments of Constantineanu and the extremes were 

much closer together. 

The temporary character of the flagellum and its 

behavior in certa.in bifla.gellate forms leads to the conclusion 

that it is more akin to the pseudopodia than has been commonly 

thought. 

Jahnt.s generalization upon the emergence of the swarm­

cells in large classes of slime-moulds with the flagellum 

already formed is challenged on the ground that he presents 

no proof to cover his statement and that slides at hand dis­

prove the truth of the general statement. 
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Fig. 1. Typical swarm-cells of Didymium melanocarpum of 
the first flagellate stage. The hindispensable" bacteria 
appea.r in this and all succeeding figures. X 1000 

Fig. 2. Swarm-cells of Didymium melanocar;eum ·jJ)f the 
first flagellate stage showing spherical cells and 
variations of the pyriform type. X 800 
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Fig. 3. Empty spore envelopes showing characteristic 
rupture of the envelope in Didymium melanocar:eum.. X 450 
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in which germination ia complete, 
in eize, in ahape. in location of flagella 
bl.fla~llat. ,ndividuals. X 640 
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Fig. 5. Bi-flagellate swarm-cell of second flagellate 
stage with flagella at opposite ends. X 1000 

Fig. 6. Uniflagellate swarm-cells in old culture, but 
Belonging to first flagellate stage. X 1000 
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Fig. 7. Swarm-ce showlng an lncipient second flagellum 
originating at same point as normal flagellum. X 700 

:l'ig. 8. Swarm-cell of second flagellate stage showing two 
flagel~a originating at same point and' rather faintly) a 
third flagellum trailing from posterior end. The pseudo­
podial character of this posterior flagellum is further 
indicated by the fact that in killing and staining it 
always shrinks and sometimes di,sappears. X 700 
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Fig. 9. Swarm-cells which exhibit amoeboid movements of 
two kinds, constriction of the cell and protrusion of 
pseudopodia. X 1000 

.. 

.. 
• • 

o 

• 

Fig. 10. swarm-cells of very common occurrence in cultures from 
16 to 60 hours old. X 1000 
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Fig. 11. ~~agellate and non-flagellate swarm-cells fUsing 
(apparently). The flagellate form is unusually. large, 
the non-~lagellate forms show the spherical shape usually 
assumed between the second flagellate and the myxamoeba 
stage. X 1000 
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Fig. 12. My,xamoebae, some still retaining vestiges of 
their flagella, fusing to form plasmodia, individual 
cella still distinct. X 1000 
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Fig. 13. Plasmodia in which the original cells have 
lost their identity. The outline of the ectoplasm 
does not show; the vacuoles, some containing ingested 
"bacteria, are the most prominent feature, appearing 
as circles or ellipses. X 1000 
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Table 1. 
Showing elapsed time -between wetting of spores and first 

observed emergence of swarm-cells, myxamoebae, plasmodia and 
cysts. 

Name of Species Emergence .Appearance Appearance Appear-
of swarm- of myx- of cysts ance of' 
eells. amoebae :elasmodia 

Fuli~o se12tica 25 min. 30 hra. 68 hrs. 3 days 
Stemonitis fusca 50 ... 72 .. 5 days 
Ba.dhamia lilac ina 2 hrs. 48 ... 4 It 

nldleium melanoSEer-
mum 2 • 48 It' 4 tt 

Didymium nigripea-
var. xantho12us 2 ... 25 .. 3 • 

Leocarpus fragilis 2 .... 50 It 3t It-

}femi tr i chia ser:eu1a 2t It- 48 .... 48 ilrs. 5 .. 
Hemdtrichia ~ 

;earium 2t .. 43 It- 3 .... 
Diatydium cancella-

tum 2t tt 53 tt 3 It 

}femi trichia cIiVata 

~~: 
50 "' 3 • 

Enteridium rozeanua 40 It" 3 It 

TJ:ichia deci:eiens 40 It'" 6 days 3t It 
Physaaum sinuosum 5 It' 29 tt- 4 days 3 .. 
Phlaarum notabile 6t It' 19 It 6 tt 4 tt 

Badhamia rubininos& 10 tt 19 II" 4 ft-

Dlderma radiatum 10 II' 50 It- 4 Days 4t .. 
Cienkowskia reticulata 10 tt' 62 .., 
Diachaea leucopodia 18 tt- 46 It' 6 days 
TJ:ichia varia 18 • 40 ... 3 days 
ArClria incarnata 16 It 47 tt 4 ft-

Diderma. testaceum 20 It 48 It 
3+ • 

Mucilago sp ong i ° sum 20 n- 46 It 5- tt 

Arcyria nutans 23 ,. 48 .. 4 It 
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Table 2. Showing occurrence of oiflagellate 
SWarm-cells. 

Both flagella on one 
end of swarm-cell. 

Fttligo septica 
I£ydham1~ lilaeina 
_s~ notabile 
Didymium me.lanos-

permum 
Diderma radiatum 
Dictydium cancella­

tum 
Mucilago-spongiosa 

Flagella on opposite :ll'lagella on opposi te 
ends of swarm-cell. sides of spherical 

swarm-cells. 
Physarum sinuosum Diderma radiatum. 

Physarum notabile 
Didymium melanospermum 

Diderma. radiatum 
Diderma testaceum 

Enteridium rozeanum 
Trichia deci?iens • 

• ~<{itr;-r';.1..1~:}~-:'}-\'i~ I '" 

$of ,~T'" J,t'!1j(\11l Tn r\~~l i C( ... 
. > ; r. ,c. f .... ;~1 i I! '...i;""; L; i.. v 'if~I-;Z."""I..,. 

""" fro-Ok! ~U'!""LlN~ Ol.,la...t.\. ',. 
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