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SPECIES, PURE AND IMPURE' 
THERE has come about in recent years a 

profound modification of our conception of a 
species in that the botanist, at any rate, is 
compelled to recognize the fact that Nature 
presents large numbers of successful kinds of 
plants that reproduce their types either wholly 
or in high percentages, but which clearly have 
germinal constitutions of a hybrid character. 
These forms may legitimately be described and 
classified as species and they are frequently 
virile lines of evolution making up groups of 
individuals that readily maintain themselves in 
suitable habitats. As assemblages of like 
individuals, hybrid as to their germ plasm, they 
present subjects of study that were not dif-
ferentiated by the earlier naturalists from the 
populations of species as they viewed them. 

The test of a species, in addition to the 
characters that distinguish it, has always been 
the evidence that it breeds true to its peculiari- 
ties or so nearly true that variations from the 
type may be passed over in the descriptive 
writings of the systematist as exceptions of 
little importance to the mind seeking for order 
and rebellious of mental disturbance in his 
efforts to express this order in accounts of 
faunas and floras over the earth. There are, 
then, chiefly as the result of genetical studies 
of the near present, two conceptions of species. 

There is the pure species breeding true 
because its germ-plasm in the diploid condi-
tion carries two similar sets of factors, each 
set contributed by one of the parents and each 
set having the same genetic make up except; 
for those factors responsible for sex and for 
sex-linked characters. The pure species was 
in the main the concept of Darwin and the 
older naturalists, and it was assumed to be 
representative of species. As viewed by the 
cytologist, confident that chromosomes carry 

1 Address of the president of the -4nierican 
Society of Naturalists, thirty-ninth annual meet- 
ing, Toronto, December 29, 1021. 
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the factors or genes responsible for  inher-
itance, the pure species owes its characteristics 
to the fact that parents contribute chromo-
somes of identical factorial constitution and 
therefore give to the zygote pairs of homo-
logous chromosomes with the exception that 
genes which differentiate sex can only be 
present in single sets. Expressed in the 
lerminology of the geneticist the pure species 
is homozygons for all genes responsible for 
the species' characters other than those of sex, 
and for  sex characters the germ-plasm is 
heterozygous in either the male or female indi- 
vidual a t  least where animal forms are under 
consideration. The problems of sex deter-
mination from the diploid sporophyte genera- 
tions of plants are not yet fully solved. Aside 
from the possibilities of factorial mutations 
and of mutations due to irregularities of 
chromosome distribution a pure species must 
clevelop gametes identical for all genes 
other than those of sex, or linked with 
sex, because the homologous chromosomes 
during the reductions divisions separate from 
one another. Some authol-s would strictly limit 
the term species and accept that definition of 
Lotsy (1914), "A species is the total of all 
individuals of the same hereditary coniposi- 
Lion, forming bat one kind of reproductive 
cell." I cannot agree with this opinion since 
the definition calls for what is almost a n  
abstraction in higher animals and plants, the 
nbsolutely pure race. 

I n  contrast to the pnre species as defined 
above is the impure species, the germ-plasm 
of which in the diploid condition carries dif-
ferent sets of genes affecting characters other 
than those associated with sex. With respect 
to these genes the germ-plasm is heterozygous 
and through the reduction division there must 
take place n segregation of genes with the 
result that the impure species cannot produce 
a uniform set of gametes, that is, gametes 
identical in their germinal constitution. I f  the 
diploid germ-plasm is heterozygous for one 
pair of chromosomes other than the sex 
chromosomes there would be developed through 
the separation of the different chromosomes of 
such a pair two classes of gametes of each sex 
provided that reduction proceeds in a normal 

manner. I f  heterozygous for two pairs of 
chromosomes there would be developed under 
normal conditions of meiosis four classes of 
gametes 01each sex, and the theoretical possi- 
bilities when larger numbers of heterozygous 
chromosoine pairs are present may be calcu-
lated by the well known genetical formula (2.)- thewhen 9% number of heterozygou~ 
chromosome pairs. 

The impure species is therefore clearly 
hybrid in its genetical constitution but there 
i.; thii peculiarity in its breeding behavior 
that it frequently ihows little or no evidence 
of a segregation of contrasting genes. There 
is in snch cases no obvious splitting off of 
classes through its progeny, but, on the con-
trary, the impure species breeds true or nearly 
true to its type. The true breeding of an  
iinpurt. species must be due to the fact that 
only favored types of gametes are able to 
produce in conjugation vigorous zygotes 
capable of snccessful clevelopment. Further-
more, suvh favored gametes must carry be-
tween them thoie genei which in combination 
will reproduce the impure heterozygoui 
germinal c.onstitution of the parent stock. 

I t  i, well understood Prom various plant 
material that the failure of a hybrid to pro-
duce a diverse progeny may be due to irregu- 
larities at  a number of different points in the 
life history. Tile death, the sterility, or the 
f a i l u ~ e  of maturation of classes of gametes 
will eliminate the possibilities of development 
of whole groups of segregates. Even when 
viable classes 01' gametes are formed some may 
leave no progeny because in conjugation they 
Jail to produce zygotes able to develop a suc-
ceeding generation. I n  plants the length of 
style, or the nature of its tissues, or of its 
stigma secretions may operate to checlr or to 
limit pollen tube growth or the speed of such 
growth for some classes of pollen grains and 
a t  this point in the life history prevent the 
functioning of pollen tubes carrying particu- 
lar types of gametes. Pollen and ovule abor- 
tion in greater or less degrees is a very com-
mon phenomenon and is responsible a t  times 
for the elimination of entire classes of 
gametes. High degrees of seed sterility and 
the weak germination of seeds express the 
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failure of certain types of zygotes to develop 
a succeeding generation. Explanations for all 
of these conditions may be offered by postn- 
lating lethal factors, as suggested by the work 
on Drosophila, but it is well to understand 
for plants how various are the ways in which 
lethal factors may block the course of develop- 
ment and how numerous are the points at 
which they may operate. 

The significance of the impure species and 
the importance of its place in certain natural 
groups is not yet appreciated. Curiously the 
plant most conspicuously brought to the front 
as one giving rise to new species by mutation 
has become one of the forms most thoroughly 
studied as an example of an impure species. 
I refer of course to the plant Q3,'aothera 
Lamarclciana. Presented by l le  Vries as the 
best illustration of his view that pure species 
a t  times pass through periods when they 
actively produce by large saltations new spe-
cies, the status of CEnot1b~'ra Laqnurckiann from 
the first became a subject for sceptical exam- 
ination on the part of a body of naturalists 
who hesitated to accept De Vries' conclusions, 
and sought for other hypotheses to account for 
its remarkable behavior. Rateson was the first 
to suggest that the fifty per cent. or more of 
pollen sterility in Lamarckiana indicated a 
hybrid constitution. Jeffries pushed this argu- 
ment with force through comparisons of pollen 
sterility in Lamarckiana with similar condi-
tions in various known hybrids. Workers 
with CEnothera now generally recognize for 
most of their material the presence of very 
high degrees of sterility both gametic, as indi- 
cated by bad pollen ancl abortive ovules, and 
zygotic, as shown by large proportions of 
seeds incapable of germination. Renner has 
recently talren the subject of pollen analysis 
to a new level by showing that genetic classes 
of pollen niay be distinguished in Lamarckiana 
and in some other mnotheras by differences in 
the form of the starch grains within the pollen 
cell and pollen tube. Cytological studies of 
Gates, Lutz, Stomps, Hance, van Overeem and 
others have shown that certain of the variants 
thrown by Lamarckiana differ from the parent 
type in having higher chromosome numbers 
d ~ ~ eto non-disjunction. This non-disjunction 

seems correlated with a loose association of 
chromosomes in Lamarckiann and other mno-
theras that favors irregularities of chronto-
some distribution a t  meiosis such as may be 
expected in hybrid material. Much breeding 
evidence, chiefiy from the work of De Vries, 
has made i t  clear that Lamarckiana and other 
anotheras develop two or more classes of 
fertile pollen grains which give in various 
crosses sets of hybrids in pairs, in threes and 
in fours, good evidence of hybrid behavior. 
I have shown that with care in the selection of 
parent stock it is an easy matter to synthesize 
a large-flowered vigorous hybrid with so many 
points of resemblance to Lamarclciana that i t  
would be difficult to separate in descriptive 
botany the hybrid from the assemblage of 
biotypes that pass under the name Lamarckiana 
which, as I-Ieribert-Nilsson has so well brought 
out, represents a collective species. Furthey-
more, this hybrid, an impure synthetic species, 
which I have called neo-Lamarckiana, has 
thrown in each of six generations from selfed 
seed similar sets of marked variants, and, as 
pollen parent in appropriate crosses, gives 
twin hybrids thus paralleling in essentials the 
characteristic performance of Lamarckia~a.  I t  
is of interest that among the variants from 
neo-Lamarckiana there appear occasional 
triploid and quadriploicl forms coiiiparable to 
semi-gigus and gigas. There is no reason to 
expect that neo-Lamarckiuna will ever be 
other than an impure species no matter how 
close may be the inbreeding and selection to 
type. I t  breeds true through only a small 
proportion of its progeny and we can see 
nothing that might change this habit so long 
as the line lives. Finally, against the assump- 
tion that UCnothera Lanzarckiana is a pure 
species is the fact that the plant is unknown 
as a wild species and there is strong prob- 
ability that it arose as a hybrid in England 
about the middle of the last century. 

These are some of the reasons why genet- 
icists rather generally have come to the con-
clusion that (E'notlzera Lamarclciana is repre- 
sentative of an impure species which repro-
duces its heterozygous constitution because the 
viable zygotes produced are for the most part 
only those resulting from the union of two 
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difYerent types of gametes, which in combina- 
tion reproduce the heterozygous Lamarckiancc 
complex. Renner in 1914 presented this point 
of view, after studies on seed sterility in sev- 
eral species of Gnothera, and the conception 
of impure CEnothera species was rather fully 
discussed in my paper "The test of a pure 
species of CEnothera" published in 1915. Thus 
certain workers n~itli anothera  were fully 
aware of the possible significance of gametic 
and zygotic mortality in relation to problems 
of CEnothera genetics some years before 
Morgan ancl Mnller in 1918 discussed the 
findings of balaneed lethals in Drosophila. 
Renner deserves particular mention as an 
investigator quick to bring the facts of gametic 
and zygotic sterility into relation with the 
peculiarities of CEnothera breeding. As the 
result of his studies and tliose of other investi- 
ga,tors we have reason to feel confident that 
n~ost  of the anotheras that have been the sub- 
ject of experimental study are impure species, 
that is to say, heterozygous in their genetical 
constitution. 

I am, nevert2leless, confident that pure spe- 
cies of CEnothera do exist but it will require 
much patience in observation, in cytological 
analysis, ancl in experimental crossing to 
mtablisli them. The most promising form in 
lily experience is a line of @not?lera francis-
ccr,la, which lias almost perfect pollen and 
procluces seed about ninety per cent. viable. 
This line I have selfed for eight generations 
without finding a single cleparture from the 
type. The last generation, grown during the 
past summer, ~vas  a culture starting with 1,425 
seedlings from seeds experimentally forced to 
comp!ete germination, n germination per-
centage of 57.3 per cent. I n  this large culture 
1,373 plants snrrived tile vicissitudes of the 
s..ason, a loss of only 5'2 plants mostly as 
s:%eiilings. This culture was large enough to 
1):irig out vmiants if present in the propor-
iio~ls thrown by Lamarckiana, which for some 
~cariants is as high as one per cent., but the 
c!llture gave no exception to the type, illso, 
c,.osses have been niacle with bienizis, qnuricata 
aud grandifiorcc ancl, when fvanciscaiza was the 
pollen parent, the results have been uniform 
i', generations, indicating that the pollen 

grains of franciscana are all alike in genetical 
constitution. Finally, a cytological study of 
pollen formation now in progress by my 
former student R. E. Cleland shows a regular 
pairing of chromosomes during meiosis in 
contrast to the loose association of chromo-
somes characteristic of the same stage in 
Lamarckiana and such other anotheras as have 
been studied with the exception of a race of 
grandiflora. Thus the evidence of high fer-
tility, uniform progeny when selfed, uniform 
F, generations when used as the pollen parent, 
and regularity of chromosome pairing during 
meiosis all point to the genetic purity of this 
race of CEnothera franciscana. I present this 
line as the purest CEnotliera material known 
and safer than the race of grandiflora that I 
selected twelve years ago and which satisfied 
fairly well the tests of a pure species except 
that it threw occasional tveak dwarfs. This 
isolation of an apparently pure species of 
anothera  is a matter of satisfaction and of 
some importance for the future of genetical 
studies in this group of plants since in the past 
me have had no standard material of unques-
tioned purity with which forms could be 
mated in tests of cross breeding. My appar- 
ently pure race of B n o t h e r a  franciscana is 
vigorous, easily grown in cool latitudes, and 
has a long flowering season, qualities impor- 
tant for experimental ~i~orlr, and I conficlently 
offer it to students of Gnothera as a plant 
~ ~ o r l h y  their attention. of 

The interpretation of the breeding behavior 
of G3~zot i~eraLan3arckiana on the hypothesis 
of its impwe germinal constitution has 
receirect important and most substantial suppori 
from the investigations of Mnller on material 
of Drosophila wliich led to his theory of hal- 
anced letlials. The condition of balanced 
lethals results when two different lethals are 
present, the first in one chromoson~e and the 
seconcf in the other chromosome of a pair. 
Thus each lethal is present in a single dose 
and the genetical constitution is therefore 
heterozygous for each lethal but the t\vo lethalb 
are in different chromosomes of a synaptic 
pair. Since the lethalb operate when in double 
doses close heeding in such a race mill result 
in a succession of generakions repealing tlie 
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heterozygous genetic formula because the 
homozygous associations of either lethal block 
further development. Such a factorial situa- 
tion would maintain a state of constant hetero- 
zygosis, the fixed hybridism of an impure spe- 
cies. The genetical impurity will be passed 
from generation to generation and in this 
respect the hybrid will breed true until the 
relative positions of the lethals are changed 
by a crossover, or the genetical constitution in 
these respects is altered by a mutation. A 
crossover frees a t  once recessive characters 
which were suppressed by lethals in homo-
zygous condition and the s ~ ~ d d e n  appearance 
of such recessives will simulate mutations 
although in reality they are manifestations of 
a process of segregation. 

The theory of balanced lethals offers such a 
satisfactory interpretation of the behavior of 
certain Drdsophila material, behavior similar 
in nature to that of CEmothera Lamarckiann, 
that Muller was quick to suggest the applica- 
tion of his results to CEnothera problems. I t  
should be noted that De Vries as early as 1911 
offered a hypothesis essentially similar to the 
theory of balanced lethals to account for the 
peculiarities of the double reciprocal crosse;; 
between (Zrtotkera bielonis and @mothera 
npzsricata, forms which, on strong evidence 
from the studies of Renner, we now believe to 
be impure species. Investigations of my own, 
published in 1917, on these hybrids and on 
others support the conclusions that lethals are 
common in CEnothera material, but I believe 
that conditions are more complex than indi-
cated by the conclusions of De Vries ancl 
Renner. De Vries in recent papers has also 
made free use of lethals in offering hypotheses 
to cover certain results of his breeding studies 
with CEnothera. 

Although it is not my purpose to discuss the 
mutation theory of De Vries it does seem 
important to examine critically the position of 
this theory as it is affected by the evidence for 
the existence of impure species that are held 
to a behavior of pure breeding or almost pure 
breeding by lethals which suppress the appear- 
ance of segregates. Lethals are not rare in 
Drosophila and CEnothera material. There is 
reason to suspect that they are common mani- 

festations of irregularities in the mechanism 
of the organism of so serious a nature that they 
interfere with vital processes a t  some point 
in the life history, finally bringing the machine 
to a standstill with death as a result. The 
workers with Drosophila seem inclined to be- 
lieve that much of the phenomena simulating 
mutation in their material is in reality the 
appearance of characters set free by the 
breaking of lethal adjustments which held the 
characters latent. Well known workers have 
arrived at similar conclusions for CEnothera 
material and are not content to accept as evi- 
dence of mutations the behavior of Lamarcki-
ana and some other forms when they throw 
their marked variants. 

An entirely new conception of mutation 
phenomena has grown up with meaning very 
different from that of the past. CEnother~, 
material selected by De Vries on the assump- 
tion that it illustrated mutation in a pure spe- 
cies proves to be highly impure and in genet- 
ical constitution exceedingly complex. Prog-
ress in the study of mutations must follow the 
usual course in genetical research and rest 
upon intensive studies of particular characters, 
analyzed and traced through experimental oul- 
tures and tests of cross breeding, with the 
assistance of cytology at critical points in the 
life history, and with constant attention to 
phenomena of infertility and sterility. From 
the later writings of De Vries it would seem 
that the master recognizes the newer trend. 
Logically mutations appear to be more likely 
from hybrid stock than from pure lines since 
heterogeneity of germinal constitution obvi-
ously invites chemical and physical modifica-
tions that might lead to the origin of new 
genes or to such changes in old genes as would 
result in different expressions of former ohar- 
acteristios. Of particular import is the expeo- 
tation that lethals most frequently owe their 
presence to heterozygous conditions since the 
mixing of diverse germ-plasms seems likely to 
lead to the breaking down of delicate and 
vital adjustments in proportions relative to 
the degrees of protoplasmic confusion, and 
this means chemical and physical disturbance. 
The intensive study of specific mutations with 
its effort a t  analysis to the last degree is a 
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very different matter from that care-free atti- 
tude of former years which permitted any 
marked variation not easily interpreted to pass 
as a mutation. Mutation has become inti-
mately a part of that most fundamental and 
illusive prohlem of biology, the origin of varia- 
tion, and mutations apart from the study of 
their causation are of secondary interest. 

CEnothera material and lines of Drosophilw 
were not the Arsl representatives of impure 
species to be isolated by the geneticist. The 
blue Andalusian fowl which cannot be fixed, 
yellow mice that never have the double dose for 
yellow, Vilmorin's dwarf wheat which throws 
talls but fails to produce homozygous dwarfs, 
single sloclrs never hornozygous for singleness, 
these and other cases are well known and 
proven examples of impure species hetero-
zygous in their germinal constitution. Certain 
of them, as the blue Andalusian fowl, throw 
two homozygous types, in this case the blaclr 
and white "wasters." Others produce one 
viable liomozygous type. Some impure speeies 
rarely and perhaps never throw homozygous 
segregates. All agree in this respect that the 
heterozygote, which breeds true to its propor- 
lion of the progeny, can not be fixed by 
selective inbreeding although as an impure 
species it reproduces itself with exactness. 

We have briefly reviewed conclusions from 
the intensive study under experimental condi- 
tions of lines which genetical investigations 
have estddished as representatives of impure 
species. Some of the material is obviously of 
the sort that would not hold its own under 
conditions of open competition in Nature, but 
much of it has been derived from forms not 
far  removed from wild species. There is a 
broader aspect of the subject of the hybrid 
deserving of examination, namely, the study of 
the possibilities of the impure species as a 
definite component of faunas and floras. 

First of all it  is important to bear in niind 
that if we accept the current theory which 
places the determination of sex as a function 
of the reduction or segregation divisions, all 
unisexual animals are heterozygous for sex 
factors and for such genes as are responsible 
for sex-linked characters. For higher animals 
this means that either the male or female 

carries in single dose a chromosome which is 
not paired with an equivalent chromosome. 
For higher plants we should expect the diploid 
sporophyte generation to be heterozygous lor  
sex deteriiiining chromosornes, a condition for 
mhicl~ a5 yet we have cytological evidence from 
only one type, the liverwort Sphmrocarpos 
studied by Allen ant1 his students, although 
there is experiniental evidence for this coi~di- 
tion in other liverworts, in borne unisexual 
mosses, and ill certain seed plants, e. g., 
Melanclrium. The behavior of sex-linker1 char- 
acters may then be believed to follow an 
orderly system in inheritance c~scept as such 
linlrage is brolien or as point mutations appea:. 
in sex chromosome.;. 

But aecompaiiying the sex chromosomes are 
those groups of chro~~losomes,the autosomes, 
responsible for characters not of sex or sex-
linked. The uniseslxal state pr&ludes the 
possibility of that closest fovm of inbreeding 
possible through herlnaphroditism and leaves 
the may open to outbreeding subject only to 
physiological limitations ancl to conditions 
whereby letllals prevent ~.eproduction. That 
Natu1.e has m:~de extensive use of this encour- 
agement of outbreeding in valious degrees 
cannot be doubtcd, and this is best illustrated 
in man, the most mixed and varied of all ani- 
mals in the ~~ssortment of genes carried by the 
individual. 11 is ii~ipossible to I~clieve that any 
human i s  homozygous for the complex of 
factors reiponsihle for his individuality. 

Even when, as in most higher plants, th(1 
diploid sporophyle generation is bisexual, 
there have arisen in many lines of evolutioll 
conditions that m:~li-e for very high degrees of 
genetic impurity. There was a time in the 
history of botany when workers, following the 
lead of Darwin, devoted ttlemselves to the study 
of devices to secure cross-pollination and inany 
and rernarlrable are the a~rangements described 
to encourage outbreeding. Volumes have been 
written on this subjevt and the facts in general 
are freely admitted. Tn wind-pollinated forms 
there is cven greater opportunity for promis- 
cuous pollination unless the shedding of pollen 
takes place a t  s~ich a time that stigmas are 
t111,ted and the ovnle5 self fertilizeci before out- 
side pollen has had an opportunity to reach 
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the pistil. Perhaps the best examples of wind 
pollinated types very freely open to outside 
pollination are the numerous races and forms 
that make up the collective species Zea Mays. 
The studies of East and Jones, Emerson, Shull, 
G. N. Collins and others, extending over many 
years, show conclusively that corn is usually a 
hybrid composite with so many characters rep­
resented by genes in single doses that purifica­
tion of material by selective inbreeding is a 
matter of much time and patience. There 
could hardly be a greater contrast in genetical 
behavior than that between lines of wheat 
which, because they rarely outcross, breed very 
true, and races of corn that can only be kept 
reasonably true by constant watchfulness, 
practiced selection, and a never-ending elim­
ination of products departing from the types. 

Self-sterility and the production of weakened 
generations following inbreeding, as factors 
leading to the establishment of impure species, 
have not as yet received recognition propor­
tionate to their importance. Genetical studies 
seem likely to show that there are large groups 
of bisexual plants the individuals of which are 
either infertile when selfed or produce 
progenies in successive generations distinctly 
inferior in vigor to the wild types. In such 
material the species represented in Nature 
must be very largely, if not wholly, made up 
of individuals cross-bred and genetically im­
pure. I t is significant that these conditions 
should have been found in that most successful 
assemblage, the Composite, frequently cited as 
the climax group of plant evolution. The 
recent studies of Stout on chicory have shown 
the extensive presence of self-sterility, and 
that the wild populations must consist chiefly 
of outbred and probably heterozygous indi­
viduals. Investigations of J. L. Collins on 
Crepis indicate that species of this genus are 
impure since progeny from selfed lines show 
marked deterioration from the wild stock as 
segregation proceeds and forms approaching 
purity of germinal constitution are isolated. 
Crepis seems likely to prove an assemblage of 
impure species similar to that assemblage of 
impure races called Zea Mays, and will prob­
ably show the same parallelism of behavior in 
reduced vigor and the production of abnormal 

types as inbred lines are separated from the 
wild population. The interpretation for 
Crepis is likely to be that of East and Jones 
for maize, namely, that inbreeding gives dele­
terious results through the segregation of 
types with fewer genes for characters associ­
ated with physiological vigor of expression. 
These studies are tending towards conclusions 
well established for many cultivated fruits, as 
apples, pears, plums, cherries, etc., where self-
sterility among the varieties proves to be the 
rule and cross-pollination is necessary for 
sexual reproduction through impure lines. I t 
is hardly possible that chicories and species of 
Crepis are outstanding exceptions to condi­
tions in the Composite and we may safely 
predict that studies in this immense assem­
blage will reveal wide-spread the presence of 
impure species. Self-sterile lines among the 
grasses have also been reported, e. g., Lolium 
perrene. 

There is another type of impure species not 
represented in the animal kingdom but common 
in certain groups of plants and therefore of 
particular interest to the botanist. This is the 
hybrid which perpetuates itself by vegetative 
means and thus establishes populations in the 
wild when its characters are favorable to sur­
vival under the scrutiny of natural selection. 
The well known principle of hybrid vigor, or 
heterosis, may in itself be expected to give to 
such hybrids marked advantage. These impure 
species hold true to their characters through 
asexual reproduction although by their seed 
they may produce a large variety of segre­
gates. This principle of the maintainance of a 
hybrid by vegetative reproduction is applied in 
agriculture when selected lines of potatoes are 
propagated from slices of the tubers and 
strawberries from plants developed by the 
runners, and in fruit culture by the grafting 
of choice hybrid varieties; 

There have been two notable systematic 
studies in America on groups of wild species 
in which hybrids are found well established as 
impure species. Brainerd's investigations on 
the violets and blackberries show the possibili­
ties of critical studies on the status of species, 
making use of the experimental garden and 
basing results on genetical analyses. Favored 



hybrid blackberries, spreading readily by pros- 
trate branches that root a t  the tip, may easily 
establish themselves in extensive growths. I n  a 
recent classification of the blaclrberries of 
New England Brainerd and Peiterson isolate 
23 hybrid species of the 12 primary species 
that are recognized, and they give an addi-
tional list of 32 suspected hybrids. Violets do 
not spread so prolifically as brambles but 
there are a number of hybrids known which 
maintain themselves in Nature by vegetativ~ 
growths. Other groups of plants readily 
propagating from stems are likely to show 
similar proportions of impure species as they 
are more thoroughly studied. 

With the data before us on the widespread 
occurrence in Nature of impure species we 
wonder what will be the reaction of systematic 
botany. I t  will be inipossible for the manuals 
to include the many hundreds of lines whkh 
the geneticist may isolate as i m p u ~ c  species 
although they may be definite units of floras. 
There will be little satisfaction in attempts to 
identify in the field races which can only be 
estat~lished by. experimental studies of the 
garden. Are these impure specie, to he 
grouped for convenience as collective species 
regardless of their true positions and relation 
ships? Truly the paths of the systematiit anti 
ecologist have not been made easier by the 
progress of genetics. 

BRADI~EYMOORE DAVIS 
UNIVERSITY &MICHIGAN,or 
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THE TREND OF EARTH HISTORYI 
I1 

Through the millions of years represented 
by the Tertiary period ,the mammals differen- 
tiated slowly along the conventional lines 
which had been previously marlred out in large 
measure by the reptiles. Some became adapted 
to life on the dry plains, others in the forested 
river flats, others in the high mountains, the 
tree-tops and the tropical jungles. A few of 
them learned to fly more or less successfully, 
some burrowed under ground and still others 
be~ame aquatic. I n  a general way they did 
what the various kinds of reptiles had done 
before them in the Mesozoic era, but, on the 
whole, they seem to have done it better. 
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Finally, about the end of the Tertiary period 
or later, the next great advance was made by 
the genus Homo-an offshoot of one of the 
most insignificant groups of mammals. I n  
consequence of this achievement, \the entire 
group has been dignified with the plame of 
Primates. From this offshoot so many sur-
prising things have developed that it is hard 
to say which one was fundamental. Undoubt-
edly, one of the first new habits of the human 
gent?, \\.as the use of tools. We may reason- 
ably suppose that only one of the less spe- 
cialized types of mammals, a creature pos-
sessing flexible fingers and hence the power to 
grasp a stone or a club in the hand, conld 
acquire such ability. Possibly it was thii 
initial power that gave the first impetus to thc 
higher progress of the pre-human stock. Be 
that as it may, the progress of the human race 
seems to have depended largely on the ability to 
invent and use other things, such as fur-cover- 
ecl slrins for clothing, the spear and bow-and-ar- 
row for thc chase, the fish hook, the needle, the 
potter's wheel and so on through the long list of 
human contrivances. As Rergson has remarked, 
each human tool and machine serves as a new 
and additional bodily organ and so multiplies 
our functional activities to a wonderful degree. 
The development of higher intelligence went 
on side by side with this multiplication of 
in\~entions, doubtless, on the one hand, being 
stimulated by it and, on the other, making 
possible its continuation. 

Looking back over the great contributions 
which the various animal groups have devised 
and elaborated in the vast stretches of geologic 
time, and omitting only that of the hu~nan 
race-which is too new to be impartially 
judged-it will be observed that, although each 
of these innovations has brought temporary 
success and domination to its holders, it has 
never been able to insure the permanency of 
the exalted position so attained. Experimenta-
tion seems to be nature's endless pastime. IIer 
appetite for it is insatiable; and, no matter 
how interesting the results of the trials already 
made, there are always more ito come. As John 
Burroughs once said, "Nature hits the mark, 
because she shoots in all directions." 

I n  that part of the history of man which is 
sufficiently well known, we perceive a series of 


