
306 SCIENCE LN. S.TOT,.XTJI. NO. 1052 

Scyllrt and the Charybdis between which 
human society must pick its devious way. 

130th are evil. Of the two, monopoly may 
be the lesser: i t  may be more easily brought 
nnder control ; it tends to hc more progum- 
sive; i t  ~ x t e n d s  less f a r ;  i t  may be the less 
hateful. T1se.y are only two expressions of 
one thing, one possibly worse than the other. 
Prohahly there are peoples who pride them- 
bclx7cs on more or less complete escape from 
inonopoly who arc nevertheless suffering 
from tlie rrlost deadening hu~eaucracb-thc 
jnsisterice on incre governmental accuracy 
ant1 cficiency. 

Agriclrltl~re is in the foundation of 
the political, economic and social struc-
ture. If we can not develop starting- 
power in tho background people, xre can 
not main1 airr it elsewhcx. The greatness 
of all this rural work is to lie in the re-
s~r l ts  and not in  the methods that  absorb 
so much of our energy. If agriculture 
can not be democratic, then there is no 
democracy. L. I-P. BAIT~EY 

BfICBOBIAL AASOCIATIOIONS1 

Socro~oou,as i t  is generally conceived, 
conveys a knowlcclgc of the human as a 
social and ethical creature ancl maintains 
for  him an  harmonious relation to his social 
environment, as xvc11 as considei'~: lsnnsan 
society iu its ensemble. As an  individual, 
man's composite is different horn what it is 
as a social factor. His attitude toward self 
is not his attitude toward society a t  large. 
Perhaps primitive man was concerned with 
self only, but with the development of soci- 
ety this limitation was not possible. Man, 
as he a t  present exists, has multiplied his 
individual and social functions. EIe has 
developed highly ethical relationships. 
Under existing conditions, too, he would be 
wholly helpless without his social ties. 

1 Addresfi of the president, Society of American 
Baeteriologists. 

To the biologist, this situation with man, 
aside from his cthieal nature, may he re- 
garded in large measure as material, bio- 
logical, and may be pertinently designated 
as special fnnctional development. To the 
hl-rman sociologist, however, the avenue of 
approach is through the human as a tran- 
scendent 11ein~ in possession of other char- 
acteristics than matc~~ial ,  and in uo sense 
an anilnal, bnt a creature divested of 
I~rutisli instincts. lllle spiritual is given 
co~nlnnnrl over material functioning. Bio-
logical materialism :1ppare11tly yields to the 
enshrouding and directing forces of human- 
ism or h u ~ ~ i a n  Notwithstanding, the cthics. 
biolorist feels and beholds as wrch a sociol- 
ogy of plants and animals that is very 
similar, and, Furtherinorc, he sees written 
in their histories and associalions most of 
the clirec~tive agencies operative in human 
society, only with less etliical exaltation. 

This 1argc.r sociology, for such i t  is if we 
study humail sociology biologically as well 
as tllrough its superficial si~lsjcctivc mani- 
festations, has much interest which is of 
usclful siqnificance. It would not be so 
diflicult to establish parallelisms and ex-
prcssionc: of man as an animal in every 
field of biology, if that were our object. 
Thic: wonld, moreover, be a comparative 
study wl~ich can not occi~py our attention, 
for i t  mould leacl us  Tar from our purposes. 
Thc ~n ic roh id  world, our own province of 
stndy, offers itself for specific consider nt'ion 
and is of pecnliar ancl paramonnt interest 
to a microbiologist. The possible extensive 
field of biologjral sociology just hinted a t  
is usecl rather to open our minds for the 
possihilities contilined therein. 

Thc microhe, hy itself or in pure culture, 
is or~ly one phase of its existence. I n  com- 
pany with other species quite another phase 
is presented, and this is determined by the 
asgociatcd species and by the many condi- 
tions under which these associations may be 
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found. Variations and multiplications in 
functions instituted by these associations, 
with the resulting products, must influence 
in the course of time the actnal nature of 
the organism. Its morphology, culture and 
physiology must assume new aspects, for 
this accorcls, by analogy, with recognized 
laws of environment. If the highly devel- 
oped molecular, protoplasmic complex is 
sensitized, some fractional group or radical 
thereof must yield its claim to some other 
of superior affinity, which in turn will 
nianifcst its presence in all probability 
either morphologically, culturally or func- 
tionally. 

Therefore, to suggest merely the richness 
of a human sociology, a sociology of plants 
and of animals, and a sociology of micro- 
organisms in a parallelism, fits the mind 
for the reception of the general principles 
iiivolved and their projections into the 
larger field. It prepares the listener to 
read in fullness between the lines nnC 
written developments and unwritten bio- 
logical laws expressed and observed in all 
living forms. 

ISumanists rightly call the social treat- 
ment sociology, but were we to mention 
plant and animal sociology and microbial 
sociology, too much may be injected for 
hunian euphony and it may be misleading. 
For our purposes, microbial associations 
are sufficiently inclusive and represent 
many conditions oE living together. This 
is done advisedly, notwithstanding the 
common usage of the term "symbiosis," 
which, according to Minchin, shonld be 
applied in a restricted sense to mutual 
advantages on the part of each symbiont 
involved. Difficulties are therefore avoided 
by circnmvention. 

In  Frank's treatinentQoP the biological 
relationships his attitude is clearly revealed 

2 A. B. Frank, Beit. x. B,iol. d. Pflanx., Bd. 2, 
S. 133, 3879. 

by his approach and classification. His 
parasite depends upon another for nutri- 
tion, but the other relationships as the ivy 
and tree, and the mite and its hosts, as well 
as De Bary7s"ungus and alga in myce- 
tozoa, indicate only some of the more ap- 
parent biological associations. They record 
observations without knowledge and demon- 
stration, without research and logical de- 
ductions. They are of the orcler which 
rank anlong pioneer scientific effort. Like 
superficial surveys, they wcre simply seen 
and recorded and have been the means of 
making it possible for a historical, consecu- 
tive development. Frank admitted a classi- 
fication, but, laboring as he did in ignorance 
of the many facts which have come to light 
since his time, his classification seems im-
pertinent. Others even later than this, as 
De Bary, Hansen, Wortmann and Berlise, 
would have included insects in the carrying 
of pollen from flower to flower, or yeasts in 
the starting of fermentation changes, as 
types of distinctive association. 

Probably the first tangible knowledge of 
microbial associatio?~may be traced to 
Pastenr. It may he that this "Parent of 
34icrobiology" was not fully conscious of 
the significance of associations, although 
his work with anaerobic organism, acetic 
organisms and brewing organisms must 
have conveyed an impression which made 
his mind receptive to other possibilities. 
There was an inference apparent in nearly 
all the early work-that some single species 
was wholly responsible for every recognized 
process of fermentation or disease. The 
emphasis thus given to pure cultures has 
doubtless been the means of minimizing the 
force and importance of mixed cultures; 
for has it not been a common experience of 
workers to witness persistent efforts in 
securing results by means of pure cultures 

3 De Bary, "Comp. &!torp. and Biol. of Myeeto,. 
zoa and Bacteria." 
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from processes which mere wholly complex 
and dependent upon an association of 
organisms? These intimate interrelations 
of microorganisms have in a degree been 
overlooked or  neglected because of their 
complexity. 

Garrk4 sngpestecl that one organism may 
prepare the food for another by changing 
the medium upon which i t  may be growing. 
It is true that this had been demonstrated 
some years before, by Pasteur and others, 
but had scarcely been approached in this 
manner. Ili7arshall Ward5 aclded to the 
knowleclge of the world by his studies on 
ginger beer. The results secured pene-
trated the heart of the matter and made the 
suspicions and facts regarding associations 
replete with a new meaning and value. The 
Japanese "sali-e," or rice wine, furnished an 
example of sequence which too extended 
the horizon of the nature of fermentations. 
The milk preparations, lroumiss, kephir ancl 
many others, did not yield readily to pure 
culture treatment if gauged by the native 
products, and accordingly forced the notion 
of mixed cultures. 

Such findings in fermentations coupled 
with ideas which had been advanced by 
botanists, as Franlr, gave to bacteriological 
association deeper significance than had 
been anticipated by the earlier workers. 
Knowledgi- hail l l r i ~ r ~ s s e dfrom loose asso- 
ciational ~ . t . l n t i i ~ u s l ~ it11~-l;u:li the morpho- 1)'; 
logical to the functional aspect of associa- 
tion, as hinted by Garrk. Now if func-
tional, as nutrition, is to be interpreted in 
terms of physics and chemistry, then the 
basis of attack is at  once affirmed, Pfeffer6 
intimated some such foundation when he 
advanced two classes, "Conjunctive Sym-
biosis," in which the functioning of one is 

4 Garr6, K'~rrespo~~(7en~ol. 8chwek. Aerate., f. 
Bd. 	 17, 1887. 


5 Ward, Philos. Trans., Vol. 50, 1892. 


essential to the functioning of t,he other- 
parasitism ; and "Disjunrtive Symbiosis,' * 
in which there is more or less independence ; 
nevertheless, this companionship may be 
favorable or antagonistic. Out of these, 
there have apparently emerged with some 
definiteness "symbiosis," "mutnhiosis' ' and 
"antibiosis," terms familiar to every micro- 
biologist, but not open to exact interpre- 
tation. 

Pfeffer's classification provicled an excel- 
lent beginning for associationrrl studies. 
Whether the term "syn~biosis" is satis- 
factory in his classification depends largely 
upon individual understanding. It has 
seemed to me that "association" would be 
better fitted for the place occupied by 
"symbiosis," and the "symbiosis" be re-
served for a subclass in which a very inti- 
mate interdependable relationship exists. 
Apart from this, I shall follow the division 
of Pfeffer in  our disci~ssion. 

I n  an effort to conform to these general 
classes of Pfeffer's, i t  is expedient to sub- 
clivide for detailed consideration, since the 
idea of conjunctive associatjon branches 
into divers paths and disjunctive assoeia- 
tion nlay include many loose rela,tionships. 

Auto-relationships or those self-associa- 
tions, as a class of conjunctive associations 
which arise from growth and multiplication, 
are peculiarly sizggestive, for they are 
commonly observed in the laboratory. 
Organisms will flourish and grow within 
limitations only upon an ordinary medium, 
and in the natural changes as fermentations 
and diseases occurring outside of the labo- 
ratory, away from artificial influences, the 
same phenomena are observable. Buchner7 
and CarnotS have claimed 'chat the cholera 
bacillus and tubercle bacillus 6nd more 
favorable growth in cultures containing 

7 Buchner, Xi~nc7~etzArgtl. I?ttslligon~nzbl., No, 
50, 1885. 

6 Pfcffer, Handbuch der ~fldn,-enphysiologie, scarnot, Comptex Med. Soe. de  Bwl., p. 765, 
Leipzig, Bd. I., 1897. 1898. 
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their products. On the other hand, Du- 
clauxg believes that an organism becomes 
less vigorous when its growth is continued 
upon media in which some of its products 
exist. Thibaut,l0 LeSagell and Nikitin-
sky,l"ave studied auto-association. Their 
results however do not lead to the same 
conclusions, although they are explicable 
and constant. There is to be found from 
Thibaut a suggestion that the existence of 
fermentation products favors growth of 
yeasts. Penicillium grown on its own cul- 
ture does not reach fructification, says T J ~ -
Sage. Then, too, Nikitinsky found favoring 
conditions when molds are cultivated upon 
media containing their own products. He 
noticed as well that antagonistic influences 
are manifested if the media contain cer-
tain carbonaceous substances, even stat-
ing that in the presence of carbonaceous 
foods, probably lactic acid. butyric acid and 
alcohol are at  times responsible for stimu- 
lation or retardation. TYildier13 has intro- 
duced the "Rios Fraga." Contrary to 
the views of Pasteur, he claims that minute 
quantities of yeast will not grow in the 
medium of yeast ash, ammonium salts and 
some sugar. I-Ie contencis that the element 
introduced by the addition of greater 
amounts of yeast for inoculable material is 
required. I3e also says that i t  is a sub- 
stance very soluble in water, dialyzable, 
difficult to alter or precipitate, and is found 
no longer after incineration. I t  is a sub-
stance which exisis in small quantities and 
is indispensable. To this is attached a 
sort of mysticism which would lead one to 

9 Duelaux, Truite de Microbiologie, Paris, I .  
and 111.) 1898 et 1900. 

10 Thibaut, Cent. f. Ba76t., Ab. II.,Ba. 9, S. 743, 
1902. 

11LeSage, Tragaus scientijiques de Z'Univer-
sitd de Ileimes, I., p. 171, 1902. 

12Nikitinsky) Jahrb. wiss. Bot., 1904, Bd. 40, 
s. 1. 

13 Wildier, Le Celkde, T. 18, p. 313, 1901. 

recognize some hidden guard within the 
impregnable fortress of life. 

I n  infectious diseases, there are irtdica- 
tions of self-curbing or restrictive devel-
opment. There appear to be some influ- 
ences acting in the cases of many pathogens. 
For instance, the organisms which give rise 
to influenza, whooping congh and measles 
and others run their courses; they have 
their rise and reach their maximum stage 
of development, and then decline in their 
activity. Others, as tuberculosis and 
glanders, appear to be accelerated by their 
extended development in the body. Aqain, 
there is the type which may be designated 
in general by organisms which are trans- 
mitted through carriers or 'are commensals. 
Whether an organism reacts upon itself 
through its growth in media which are fer- 
mentable, or in the body of an animal 
where disease is produced, or where the 
body acts only as a carrier, is i t  not pos- 
sible to discern a common functional prin.. 
ciple responsible ? 

Conjunctive association seems also to 
designate another subclass which, for the 
time being, may be called "serial associa-
tion." One species seems to follow upon 
the heels of another in point of time, and is 
dependent upon the other for its life and 
activity. Sometimes these species appear 
to grow together simultaneously, but in 
nearly every case the life and activity of 
the one depends in sequence upon the life 
and activity of the other. One seems to be 
the leader and the other the dependent. 
There are instances, perhaps, where the 
relationship between the two suggest an 
interdependence. I n  this case, both may be 
leaders land both dependents. I do not 
know of a case that has been worked out 
in detail confirming this peculiar rela-
tionship, although observation may suggest 
it. I t  may be assumed that in such a case 
products which are favorable to each are 
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simultan~ously created. Where one Eol-
lows the other, relying upon association 
product?, many i l l~~s t~a t ions  are available. 

Animol~ification in the soil usually asserts 
that pi.otein material has undergone 
change, yielding a series of products by the 
action of specific classes of organisms. I t  
is known that sometimes in this series more 
than one class of organisms is involvcd. 
After ammonia is produced, the common 
oxidlation processes rest11 ting in nitrites and 
nitrates are effected by two distinct classrs. 
Accordingly, in the clisintegraiion of a pro- 
tein molecule by microorganisms, there are 
probably several classes involveil in the 
process, each in consecutive order. ,411 of 
them are dependent one upon the other in  
the various steps of .the degradation of the 
molecule. Then again, if we were to con- 
sider the reduction of nitrates to nitrites 
to nitrogen or ammonium, there are two or 
three other classes, each waiting its turn 
in  the serial change. 

The different stages in the ordinary de- 
composition of rnilli speak of this same 
dependence. A t  first the several types in 
nlilli appear to foster the development; of 
the lactic orsanisms ; following in the walze 
of the lactic organisms are those which 
lientralize and then those which cause pro- 
teolytie changes; and if we were to trace 
out the reduction of the complex substances 
to the various simple mineral constituents 
that may be found in the final product, 
there woalct donbllcss be other classes, 
similar to those found in the mineralizing 
actions of the soil. 

I n  fermentations, too, are well-known 
examples: the change of apple must to 
apple wine, from apple wine to vinegar by 
yeast and acetic bacteria; the production of 
ginger beer trritll a spccjfic yeast and spe- 
eific bacterium; the making of "S:~kc" from 
rice by means of a mold and a yeacst; a s  
well as other well-lznown fermentations in 

natmc, all of which con firm how frequently 
the life of one organism is clependcnt upon 
the life of another. Among the pathogens 
and those organisms associatc-'d with the 
animal body am mauy striking instances. 
The many complications illustratc the pos- 
sibilities of interdepenclencc-sepsis follow-
ing scarlet fever and typhoid fever, diph- 
theria and pest ; pneumonia following in- 
fluenza and tuberculosis ; gangrene strepto- 
cocci with certain anaerobic putrefying 
organisms; pyogenic bacteria and tetanus 
orga~dsms. We can not be as ccrlain per-
haps and as distinctly satisfied ;ts in the 
fermentations, the nature of which is so 
wcll linown, that one product follonrs an- 
other and definitely in the order rncntioncd, 
bat that there is a decided influence mani- 
fest can not bc gainsaid. TVhcn growing 
together nndcr ciruumsl ances of association, 
the di~ease is usually aggravated, or one 
organism appears to pave the way for a n  
other. It is a kincl of sel+ial relationship 
which parallels very closely, to say tlie least, 
tliose m hich we find in ferment IIt '  ~ons. 

This seraial dependciice is not lost even 
where host and parasite are concerned. 
The tick and the cow are irldispensable to 
the piroplasrna in the corpuscle; the fly 
and the antelope to the tTypanosomn in 
sleeping siclincss; lllc mosquito and man 
to the plasmodium in malaria ; the bacterial 
forms and mail to the ameba in his intes- 
tines; the rabbit and some outside habitat 
to the coccidinm. The niicroorganisms in- 
volved in these cases are apparently dc- 
pendent upoil the rnetazoa concerned for 
their growth and cyclic development, very 
much as the nitric organisms arc dependent 
lapon the proci~lcts produced by the serial 
changes in the breaking do51rn of the pro- 
tein molecules. In these cases in which 
animals furnish the material for the life of 
microorganisms, difficulties are found in 
the determination of the required condi-
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tions and immunity factors of the animal, 
because of the limitations in knowledge. Is 
i t  not fair to suppose, however, that this 
required material may be just as definite, 
and may occupy in many cases the same 
relationship to the organism as in the case 
of fermentation ? 

Going a little higher in the scale of life 
for a single illustration, 1Keeblel4 contrib- 
-utes an interesting study of association in 
C o ~ z u o l ~ ~ ~ l aroscoft'e?zsis. 

I n  i ts  earlier youth Convoluta roscofcnsis feeds 
af ter  the manner of animals in general, on other 
plants and animals. This is the first stage. In 
the course thereof green cells appear in the body, 
increase, multiply, photo-synthesize and distributa 
food material to the animal tissues. Fo r  a while, 
Convoluta roscoffemis receives food from two 
sources-from ingested plants and animals and 
from its green cells. This second phase is  suc-
ceeded by a third in which Co)avolzbta roscofensis, 
having ceased to ingest solid food, i s  nourished 
in the same manner as the colorless non-chloro- 
phyllous tissues of a green plant are nourished, by 
the products of the photosynthetic activity of i ts  
green cells. The last stage of all which ends this 
strange eventful history: The animal digests i ts  
gleen cells, and having done so dies. I n  the first 
phase the mode of nutrition i s  animal-wise; i n  the 
second, part  animal, par t  plant-wise; in the third, 
altogether plant-wise or halophytic, and in the 
fourth auto-trophic, tha t  is by  living on itself. 

Interesting cases of animals and plants 
higher in the scale than microorganisms can 
be easily multiplied. 

The strenuous efforts of the laboratory 
worker to find a medium for pure culture 
studies seem to be provided in nature for 
many organisms. What appears laborious 
and complex to us in our artificial attempts 
is simple and direct as a natural process. 
Oftentimes associated products supgest the 
missillg compound for pure culture opera- 
tions, as has been experienced so often, but 
this frequently fails quantitatively or 

14 Keeble, F., "Plant-Bnirnals-A Study of 
Symbiosis," Canbridge Press. 

clualitatively through some neglected or un- 
discovered by-product. 

I n  Pfeffer's disjunctive symbiosis many 
possibilities exist, but whether they may be 
regarded as a true biological association, 
or by analysis may be included in his con- 
junctive symbiosis, remains an open qncs- 
tion. 

Keeble's plant animals can be regarded 
as independent in a sense, but, on the other 
hand, they are very dependent. So too, the 
poled lima bean needs support which may 
in no manner be considered a part of its 
metaboljsm. For  its best developnlent the 
ivy needs a tree or stone wall; still, they are 
not biologically related. Because a strepto- 
coccus may accompany diphtheria infec-
tions and produce complications, or the 
tetanus organism is found in pyogenic 
processes, it docs not follow that diphtheria 
is dependent upon streptococci or that the 
pyogenic organisms are dependent upon 
tetanus organisms, to appear in the pure 
individual life. That these processes may 
be modified or that these organisms of 
diphtheria and tetanus are perhaps fostered 
by association, will not be contradicted; 
yet they may live as independent fonns. 
The pertinency of this class, therefore, 
must find its answer in physiological de-
pendency or social illdependence with 
favoring or antagonistic elements. 

If associations of microorganisms de-
pendent or otherwise are subjected to anal- 
ysis, there may be traced through them all 
some functional factor or principle as tem- 
perature, oxygen supply, food supply o r  
condition of food (whether acid or alkaline, 
whether dry or moist, whether composed of 
one class of elements or another), or the 
production of metabolic products. For in- 
stance, thc oxygen requirements may be 
illustrated by the growth of Clostridilcm 
butyricurn in the presence of aerobic organ- 
isms; moisture by the elimination of many 
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bacteria in a mixed culture composed of 
brine, and the persistence of cocci and 
torulzr; food by the feeding of ameba bac- 
tcrially or acetic organisms with alcohol; 
reaction by the development of the lactic 
organisms in mill< and the eradication of its 
associates; temperature by a combination 
in  the growth of tubercle bacilli with 
saprophytes which will not grow at  mod- 
erate temperature. Those fundanlental bio- 
logical requirements favor some forms of 
life association, while antagonizing others. 
Taken in conjunction with metabolic procl- 
ucts as alcohol, lactic acid, acetic acid, 
amino-acids, ammonium, toxins and the 
many others that are possible, these bio- 
logical factors offer a wide range of asso-
ciation, and a t  the same time determine 
the limitations. 

Our experiences support these views, for 
involution forms or distorted morphology 
is easily traceable to one or more factors 
mentioned, and in the functioning processes 
sf  microorganisms how easy i t  is to 'alter 
the metabolic products and even the form 
by the addition or oinission of an element, 
These acts have become an unconscious pro- 
cedure and we do not, as a rule, make the 
subject one of systematic inquiry. 

The association of animal and animal, or 
animal and plant, or plant and plant, when 
carried to comparatively loose social rela- 
tions will in large part support this inter- 
pretation of these more intimate associa- 
tions, illustrated through the channel of 
microorganisms. Animal liPc becomes ad- 
justed to certain plants or other animal 
life, and is dependent upon their existence; 
plants depend Lxpon animals and other 
plants; into which social relations enter the 
factors of food, temperature, and the other 
life conditions which apply to all living 
forms. Since this seems a fact so well 
established, and our work as rnicrohiologists 
leads into the affairs of so many organisms 

which instigate numerous diverse changcs- 
changes in some instances which are insti- 
tuted by associational growth and which 
may affect their morphology, cult~zre and 
physiology-it i q  pertillerit in our researches 
to consider an organism in its natural mi-
crobial associations as significant as in a 
laboratory pure culture. Such factors 
sl~onld be directive for purposes of identi- 
fication, study and application, since they 
suggest those possibilities which may be 
bound up in the intra- and inter-molecular 
relationships and reactions that dominate 
associations and individuals. 

CE~ZEIESE. ~TBRSKALEI 
~\IASSA~HUSETTS COLLEGE,AGRICULTURAL 


AMJXERST,MASS. 

MGCHas I might wish to write of Dr. King 
as a personal friend, as la great teacher, as a 
big, broad, marl-hearted human, in all of 
whi'cbi r8les I knew him well, i t  has seemed 
best to WUT comnlit,tae that I should confine 
my consideration to the single episode in the 
career of this many-sided man which relates 
to mosquitoes anld moliiria. 

Dr. Icing was a deep thinker. Hu was not 
satisfied with even the generally accepted and 
apparently well founded views of men of sci-
ence and of his own professton without a 
careful consideration and an ingenious twist- 
ing and testing of argument.. This quality of 
mind he showed in  a marlred degree during 
the years 1881 and 1882 when be was filled 
with the thoughts of malaria and its probable 
origin aiid -Iransmission. E c  never told me 
liow 01.when the idea came to him that mos- 
qnitocs were transm'itters of this disease. 
His search of the ljlcrnturc probably fol-
lowed a fairly well wortred out, argument orig- 
inating in his own mind. Surely he consid-
ered the iclea as original when he came, prob- 
ably late in 1881, to t h e  laboratory of the late 

1 Read at the memorial meeting f o r  Dr. A. I". A. 
King of the hicdic:rl Roeie ty  of the District o f  Co-
lumlsiu, Washington, January 20, 1915. 


