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lies in endowments ei ther in connection 
wit11 naiversities, o r  through t h e  establish- 
meut  of tlie specialized private institution. 

Tha t  the  problem of applied evolution 
will eventnally be solved there can be no 
doubt. Tlint it will occur i n  o u r  generation 
may only be expressed as a hope. 

IJ.B. WALTON 
KENYON@OLI,EGE, 


November 3 5, 1013 


TIIE HUTATION d4BTB 

IThas long been recognized both on the bot- 
anical zoological sides, that sterility is a 
notable characteristic of species crosses or true 
hybrids. JYhere spe?ies are nearer to one an- 
other their resultant cross is naturally Irqs 
sterile than when their affinity is more rc3-
mote. I n  the case of plants i t  is usually par- 
ticularly easy to trace even slight evidenccs 
of previons hybridization ill the sterility ant1 
abortive character of some of the spores or 
pollen. 111 contrast to hybrids, genetically 
pure species are characterized by pollen grains 
or spores, as the case may be, which are all 
perfectly developed. I have satisfied myself 
by a very extensive study of the spores and 
pollen of liverworts, mosses, ferns (including 
n~lmerous genera of all the important families, 
isosporous and l~eterosporous), lycopods, sela- 
ginellas, quillworts, lepiclodendroids, equiseta, 
eycads, ginkgo, c.onifers (including numerous 
genera of all the tribes), gnctales (all the 
genera) and marly dicotyledonous and mono- 
cotylcclonous ar~giosperms, that in good spe-
cic.s the spores 01%pollen is invariably perfect 
morphologicall), that is fully formed and hav- 
ing normal protoplasmic contents. Known 
hybrids on the contrary arc eharacterizeil I)y a 
greater or smaller number of abortive spores, 
which have little or no protoplasmic contents. 
Tlayes, of Connecticut, Peail, of J'laine, Emerson, 
of Nebraska, Dean Davenport, Ricte and Sm~th, of 
Illinois, are fun1ili:hr to a11 interested in  the appli- 
cdion of the principler of evolution. One often 
conjectu~es, however, as to the evtelit t o  nliicli sonlo 
of tho most ul~luable t .ont r i l i i~ t inu?air iu rc;rlity 
"by-producls" of niect~n; the ap I u \ ~ - t i d a l ~ t > n s  

p r o d  of the "Xlissouri' ' tppt? of lepslator. 

'rliis conclusion is by 110 rneans new but the 
wide range of facts examined in the present 
connection adds very materially to its 
strength. It has been further noted that 50 

far  as nlorphological conditions are concerned, 
plants of genetic purity, even when grown 
under extremely abnorrnirl conditions, as 
exotics in  greenhouses, etc., have perfect 
?pores or pollen. For example a conifer or a 
cycad frorn Australia or Japan, grown in the 
hothouse and proclucing its pollen in the 
winter season, still shows the grains normally 
developed morphologically, whatever may be 
their pl~ysiological inefficiency. 

The bearing of the facts iiidicated in the 
paragraph abovc is of great importance in 
relation to thc mutation hypothesis of De 
Vries. This distinguished Dutch plant physi- 
ologist, a little or7er a decade ago, published a 
series of olsscrvations and gcncralizations 
i~nder  the title of " 'Die Mutationstheorie." 
ILis notablv ofrering was the statement that 
nlate~ial of a specaic.s of CG!notltera or evening 
primrose, referred by him to Seringc's @no-
thera lamnrckiana, found growing sponlane- 
ously near TTilversliln in ITolland, was produe- 
ing annually new species or as he preferrcd to 
call them, elcmentary species. Tn I904 Pro-
Ics~or  n e  Vrieq was invited to lccture in the 
'TTrriversity of California on his sensational 
dircoveries. The lectures were edited and pub- 
lished later by the director of the Desert 
Laboratory of the Carnegie Tnstitutiorl of 
Washington, with the title of " Species and 
Varieties, Their Origin by ilfi~tatio~t." Dr. 
klacDougal thus I)ec:nne both i n  fact and figu- 
ratively, the " voz in ~ P S C ~ I O  theclama~~tis." 
baptist of the gospc'l of niutation. TTis ex-
ploits wit11 the s3rinpc in the baptism a ~ l d  
proch~ction of new spcc,ie~ of plants by intra- 
ovarial i~~jeetions appear further to render his 
clai~ns in this direction beyond question. As 
secretary of the Botanical Society of America 
and by his repetition and elaboration of T)e 
Vries's c~zlinrcs of mno-lhera,  he has done 1111-

questionably more th:m any one else to diKuse 
the doctrine of mutation in North America. 
I t  has in fact become so widely accepted on 
otlr continent, that it has in  n~any instances 
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been unfortunately introduced even into ele- 
mentary courses of botanical or biological in- 
struction. Europe has presented a marked 
contrast to  America in this respect, for here 
the mutation hypothesis of De Vries has been 
coldly received. It seems clear however that 
the European attitude is more in accordance 
with the established principles of biology than 
our own. 

The clistjilguislled English geneticist Bate- 
son was apparently anlong the first to point 
out that in all probability G3nothera lamarcl- 
iana was a hybrid, as shown by the partial 
sterility of its pollen. Dr. NacDougal coun-
tered by the statement that he had found 
abortive pollen in specimens of 0. biennis, 
growing in the vicinity of the city of New 
York. This he apparently regarded as a suffi- 
cient reply to Professor Bateson's criticisms. 
Xorc recently a nurnber of American students 
of plant genetics have cast doubt on the genr- 
tical purity of De Vries's LTaothera lamarclc- 
iana. Among these may be nientioned Davis, 
East, Erllersoli and Gates. The attitude of the 
last investigator is not the less significant be- 
cause he was in the first instance a convinced 
nlutationist of the De Vriesian scl~ool. I n  
the case of the mutation hypothesis, we find 
again what is apparently an  all too common 
condition in the case of .biological theories, a' 
neglect of fundamentally important morpho- 
logical evidence. There seems to be absolutely 
no doubt, on morphological grounds, that not 
only is (Fnothera lamarckiana of hybrid 
origin; but that the Onagraces, to which it 
belongs, are somewhat generally contaminated 
by spontaneous hybridism. 

I have delayed publication of my conclu-
sions in regard to the genetical status of the 
Onagracea, i n  the hope that some other mor- 
phologist would lay bare the extremely inse- 
cure foundations upon which the imposing 
superstructure of the mutation hypothesis has 
been raised. About eight years ago cultures of 
0. lamarckiana and its mutants were started 
a t  the I-Iarvard Botanic Garden from seeds 
supplied by Professor De Vries. mnothera 
grandiflora, which was of special interest in 
con~ect.ion with the mutation hypothesis, was 

likewise grown from seed supplied by Pro-
fessor S. M. Tracey who made a special visit 
to Tensaw to obtain i t  for me. Shortly after- 
wards other work became more pressing and 
monopolized all available time. The cultures 
and seeds were accordingly turned over to 
Professor Bradley 31. Davis, who was residing 
in Cambridge a t  that time. Dr. Davis has 
published a number of papers on hybridization 
work with O?nothera species and I have sup- 
plemented my original stock of preservetl 
material from specimens kindly supplied by 
Ilim. 

Some illustration of pollen conditions in  
known hybrids other than Onagraces will first 
be considered. Hany of our improved horti- 
cultural plants are known to have originated 
by hybridization, while others more anciently 
cultivated by our species are suspected of hy- 
brid origin. Taking only the known hybrids 
as illustrations, such as tulips, irises, narcissus, 
lachenalia, freesia, etc., etc., we find that al- 
tliough many of the pollen grains are per-
fectly developed both as regards external 
form and internal contents, a greater or 
smaller proportion are small, shrivelled and 
nearly or quite devoid of protoplasm. I n  the 
case of genetically pure species of these genera 
the pollen grains on the contrary are all alike 
and perfect. I n  normal species, even when 
long in culture and under hothouse conditions 
the pollen has proved in all the cases examined 
in the present connection perfectly sound. 
This is notably the case for example with the 
common easter lily. The effect of hybridiza- 
tion is equally clear in the case of the Dicoty- 
ledons. Our pinlrs, calceolarias, nasturtiums, 
etc., are often of known hybrid origin and 
show clear evidence of such derivation in the 
condition of their pollen, which is more or 
less abortive. President Brainerd, of Middle- 
bury College, has in recent years made some 
interesting observations on spontaneous hy- 
bride of our native violets. He has found 
numerous forms of these, significantly de-
scribed by certain systematists as new species, 
to be in reality hybrids, as shown by their 
characters clearly intermediate between recog- 
nized species and by their Mendelian segre- 
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gation in cultures. Professor Brainerd has 
been kind enough to supply some flowers of 
these irlterestir~g specimens £or the present 
work and thc pollcn conditions are clearly 
those found in hybrids. 

We may now profitably turn our attention to 
the Onagraceae, to which the wcll-advertised 
CFnoihera lamarcltiiar~a bclongs. Our common 
garden fuchsias are known to be of hybrid 
origin. In some of the varieties the pollell 
sterility is almost comnplete. This is notably 
the case in a hybrid derivative of Buchsia 
fripl;y17n, grown in the Harvard garden. I n  
other varieties thc sterility is often lcss marked. 
This condition has Lecn found to obtain for 
example in long-tubcd fi~ehsia hybrids. Irere 
a certain ~lurrlbcr of the grains are gerfcctly 
developed and have normal protoplasmic con- 
tents, while others are small, shrivelled, col- 
lapsed and without protoplasmic contents. 
Anlong the wild-growing species of the Ona- 
grace%, those of Rpilobiunz have long been 
recognized by European s;vrteinatists as prone 
to produce spontaneous hyhrids. A good illus- 
tration in the presclrt connection is supplied 
by a hybrid forin of E. hirs~l iwtz ,occurring 
conlrnonly in the vicinity of ballast heaps. 
Here thc pollen is to a largc extent abortive, 
the dcgeneracy solnetimes affecting the whole 
of the contclits of the anther sack or in other 
cascs being confined to a greater or smaller 
number of the grains. I n  contrast to E. hir-
suium may he mentioncd our common fire-
weed, &'. anyustifoliunz (sometimes put under 
a differcnt genus). I n  all the abundant mate- 
rial of this species examined the pollen was 
entirely normal. Indications of hybriclization 
correlated with corresponding pollcn condi-
tions have also bccn noted in the case of other 
representatives of the Onagrace~,  but the 
illustrations nlentioned will suffice for our 
present purposes. 

We may now turn to the genus mnothera  
itself. I n  his "Mutationstheorie" De Tries 
has notcd that about one t l~ i rd  of the pollen 
of 0. 1arnnr.clciana is sterile, and abortive. 
This statement I can on1.y confirm. Even in 
the more vigorous of the so-called mutants 
originating in cultures of 0. lamarckiana from 

the seed, the pollen is very largely degenerate 
and in the less vigorous elementary species 
often almost completely so. I n  0. lata (mu-
tant  of #. Larnarckiana) thc pollcn is fre-
rluciltly entirely sterile. But  it is not only in 
0. lanaurc7~ianaand its so-called mntants or 
elementary species, that pollen sterility is to be 
seen, for this condition is well nigh universal 
in the ppecies of this Onagraceous genus, 
recogllizcd iri systematic ~vorlis. For  example 
in the very colnlnon and variable species 
linown as 0. biennis, lralf of the pollen grains 
are sometimes abortive. This condition 1have 
observed in  specimens from regions as far  
apart geographically as the state of Massachu-
setts, the province of Ontario and thc shorcs 
of the Gulf of St. Lawrence. The examina- 
tion of a large amount of material of rccog- 
nizcd wild specics of GVnotl~erahas led me to 
the apparently ine~itable conclusion that spon- 
taneous hybridism is extremely comrnon in the 
germs and that in gencral i t  reprcscnts a con- 
dition of high genetical impurity. The purest 
species which has come undcr my notice, so far  
as may be judged from the pollcn conditions 
is 0. g~nndi f lora,obtained from Tensaw. Here 
pollen abortion is well nigh absent both in  
flowers gatlrercd for me by Profcssor Tracey 
and in  those produced from sccd both by Pro- 
fessor Davis and myself. Continued growth 
in the ITarvard botanic garden lias not altered 
this characteristic in any degree, for speci-
mcns grown last summer how the same con- 
dition of relative genetical purity or a t  least 
freedom from inharmonious hy+)vidization. 

It niay be argued by some that  the more or 
less marked constancy of the generally ac-
cepted spccies of mnoihera  malres it clear that 
they are normal species. I t  is now recog-
nized however that consta~it hybrids are of 
extremely comrnon occurrence both in nxture 
and as a result of rxperirnental crossing. This 
is particularly true of species crosses. There 
is consequently no good reason why we should 
not admit that the genus mnoihera  is strik- 
ingly characterized by spontancons hybridiza- 
tion. There appears i n  fact to be every rea- 
son to believe that the bar sinister has been 
crossed and double crossed in our American 
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evening primroses. The extensive studies 
which I have made on the pollen and spore 
conditions in the higher plants from the 
mosses upwards, which will be detailed and 
illustrated elsewhere, make the conclusion 
apparently unavoidable, that  the Onagracea 
in general and the genus CFnothera i n  par- 
ticular, are peculiarly subject to spontaneous 
hybridization in nature. It follows of course 
that  no genus or group of plants could Lave 
been more unfortunately chosen to illustrate 
the origin of species by mutation or saltatory 
evolution. Obviously we must in the light of 
the considerations advanced above, interpret 
the variability of the seedlings of CEnothera. 
species, particularly of those of 0. lamarck-
inna of De Vries, as evidence of ancestral 
hybridization, on the evidence of the very 
significait pollen conditions revealed both by 
the genus under discussion and by many mem- 
bers of the family to which it belongs. 

The mutation theory of De Vries appears 
accordingly to lag nseless on the biological 
stage and may apparently be now relegated to 
the limbo of discarded hypotheses. The zeal, 
industry and insight of the distinguished plant 
physiologist of Amsterdam can not be too 
highly appreciated. Even although his Ily- 
pothesis must apparently be given u p  both on 
morphological and genetical grounds, i t  has 
nevertheless been the cause of a great deal 
of valuable work, which will remain after the 
motive of i t  has disappeared. The present 
refutation has been undertaken in  the inter-
est of biological progress in this country. It 
is now high time, so far as the so-called muta- 
tion hypothesis, based on the conduct of the 
evening primrose in cultures, is concerned, 
that the younger generation of biologists 
should take 'treed lest the primrose path of 
dalliance 1e:td them imperceptibly into the 
primrose path to the everlasting bonfire. 

ous chapter on snakes in the Natural History 
of Iceland, or, to use a more modern instance, 
as a review of Mr. Taft's activities in sub- 
version of the courts and the constitution. 
There is no democracy in university adminis- 
tration. But  we can consider the conditions 
and the remedies. 

The situation of a teacher has aspects in- 
llerelltly undemocratic. IIe has arbitrary au- 
thority over the conduct and intellectual life 
of his students, and is aid by superior officials 
to discipline and teach as they prescribe. The 
professor may lecture to his classes " als dictirt 
euch der heilig' Qeist," and in other acatlemio 
relations may realize that silence is silver and 
flattery gold. To be half tyrant and half 
slave does not strike the average of a free 
man. The pedagogue may be expert in his 
narrow field, while he is segregated from the 
larger life of his fellow men. His salary is 
safe and small; his clothes are black and 
threadbare; he is very respectable. but only 
half respected. The inevitable difficulties we 
emphasize by providing on the one side a 
system of education which does not carry its 
own appeal and must be enforced by exarnina- 
tions, grades, degrees, compulsory attendance 
and the lilre, while on the other side a system 
of administration has developed which puts 
the professor in a position of personal depend- 
ence. He is not only unfree in the sense of 
the domestic servant, whose wages, work, com- 
pany, habits and Saturdays off 'are set by the 
employer, but he is also unfree in the sense 
of the slave in that he is held to his place by 
forces that he can not resist. This may be in 
part caricature, like the typical professor of 
the novel or play who hunts beetles, while his 
daughter or wife engages in flirtation, but a 
caricature may depict and enforce the truth. 

A less obvious but equally undemocratic 
aspect of the acadenlic career is due to the 

EDWARD fact that  the university professor earns hisC. JEFFREY 
IIAR~ARDUNIVERSITY 

DEMOCRACY IN UA'IVRRSITP ADNINIS-
TRATIONL 

A DISOUSSION of the topic assigned to me in 
this conference might be as brief as the fam- 

living by teaching and the conduct of aca-
demic routine, while society depencls on him 

1 Read at the conference on ('The Relation of 
Higher Education to the Social Order," arranged 
by the council of the Religious Education Asso- 
ciation, Yale University, March 5, 1914. 


