
CHAPTER 11. 

HISTORY OF THE THEORY OF HEREDITY. 

Requisites of a theory of heredity.-Historical sketch of spccu- 
lation 011 heredity-Evolution hypothesis of Bonnet and 1131- 
ler-Ovists and sperrnists-Modern embryological research 
118s sliown that it is inipossible to accept the evolution liy- 
pothesis in its original form-Buff on’s speculations upon he- 
redity fzil to account for variatien-Ilypotlicsis of epigene- 
sis-This liypotliesis is logically incompletc-The analogy 
between pliylogeny and ontogeny gives uo real explanation of 
the properties of the ovum-IIaeckel’s plastidule hypothesis 
-This liypotliesis is not logically complete unless it involves 
tlie idea of evolution-Jager’s hSpotliesis--ultimate analy- 
sis sliows that this is at bottom an evolution hypothesis-No 
hypothesis of epigenesis is satisfactory-No escape from 
some form of the evolution hypothesis-This conclusion is 
accepted by Huxley. 

9 1. Requisites of a theory of 7~eredity. 
The following list is a brief summary of what seem 

to  me the most important characteristics of the repro- 
ductive process in living things: 

1. New organisms may be produced by tlie wrious 
forms of asexual generation and from ova. 

2. Ova may develop, in certain cases, without fcrtili- 
zation. 

3. As a rulc the ovum does not develop iiito a new or- 
ganism until it has been fcrtilized by union with a malc 
cell. 

4. The ovum and male cell will not unite unless t h y  
are derived from organisms with the same or nearly the 
same systematic affinities. 
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5 .  The new org;inisni, mliether produced sexually or 
asexnully, is essentially like i ts  ancestors, although it 
m:Ly be quite different from its immediate ancestor, a s in  
cases of alternation. 

6. Orgiinisms prodnced from fertilized ova differ in 
the  following points from those produced asexually: 

a. As a rule the development of the egg embryo is 
indirect, and a more or less complicated metamorphosis 
or alternation of generations must be passed tliroiigli be- 
fore tlic adult form is reached, and the  circuitous pa th  
thus trarersed bears a resemb1:mce to the line of evo111- 
tion of tlie species. An organism formed ascxmlly trav- 
erses o n l ~  so much of this path as remains to be traversed 
by the orgrnnism which gives birth to it. 

6. Reversion, or the appearance of characteristics not 
exhibited by the parents, but inherited from remote an- 
cestors, is not a t  all unusnal in egg embryos, b a t  it is 
niore rare in those prodnced asexually. 

c. New variations, or features which are not inher- 
jtcd, appear con tinnally in organisms prodnccd from fez= 
tilized ova, and they may be transmitted either sesnnlly 
or asexually to future generations, thus bcconiing estab- 
lislied as hereditary race-cliarncteristics. Hereditary vari- 
ations are extremely rare in organisms produced asexually. 

7 .  Tlie ovnm and the male cell are homologous with 
each other, and are morphologically equivalent to the 
other cells of the organism. We must therefore believe 
tlint their distinctive properties ha1.e been grdiially ac- 
qnired, and that their specialization has been bronglit 
about by the action of the same laws as those in accord- 
ance with wliicli tlie other specializatjons of t h o  organjsm 
have been produced. 

8. Changed conditions do not act directly, bu t  they 
cause subsequent generations to vary. 
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3. In the higher animals, where the sexes h a ~ c  long 
been separated the male is more variable thaii the 
female. 

10. The result of crossing is not the same wlien crosses 
are made reciprocally. 

11. The sex of the parent-species affects the degree of 
variability of hybrids; arid when a hgbrid is used as the 
father, and either one of the pure parent-species, or a 
third species, as the mother, the offspring arc more w- 
riable than when the same hybrid is used as the molhcr 
and either pure parent-species or the same tliird species 
as the fdher.  

There may pcrliaps be other requisites wliicli should 
be included in this list, but I think there can be no doubt 
that  a theory of heredity must recognize and be in har- 
mony mith all mliich are here given. 

$ 2. A sketch of the history of speculation on ihs 
t imry of heredity. 

The laborions rcsearclies of the students of tlie science 
of embryology hare yielded a ricli harvest of valnable 
facts, and we now know that the process of cell division 
by rvliich an unspecialized unicellular egg becomes con- 
verted into a many-celled, highly-specialized organism 
bears the closest resemblance to the process of growth or 
of ordinary cell-mnltiplication. 

We know that all the various forms of reproduction, 
cell-multiplication, fission, gemmation, conjngation, 
sexual reproduction, and parthenogenesis, are inter-re- 
lated in such a way that me must believe that they are 
different manifestations of the same power, and that they 
have been evolved one from the other. 

We know that direct development, metamorphosis, and 
alternation of generations are not separated from each 
other by any hard and fast line, and we know too that 
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the changes through which the embryo passes on its road 
from the egg to maturity show a wonderful parallelism 
to the series of changes tlirough which tlie organism has 
passed during the liistory of its evolution from lower 
forms. 

These results are well worth the labor they have cost, 
and they illustrate, more clearly than any otlier facts in  
biology, the common naturc of 311 living things. They 
do not, however, contribute directly to a clearer insight 
into the lams of heredity. 

IIere we are still compelled to go beyond the visible 
plienomena, and to attempt by tlie scientific w e  of the 
imagination to discover the as yet unseen relations 
d i i c h  bind them together. 

As me.entcr upon this snbject it will be well to bear in  
mind tlie wide diffcrencc between the end we lime in 
vicnr-the discovery of the secondary laws of heredity- 
and llie attcrnpt t o  undcrstand its ultimate cause. 

The power to reproduce itself, to imprcss upon dead 
inorgmic niattcr its own distinctive properties, is oiie of 
the fund:imcntal cliaracteristics of living matter; and 
mliile im may hope that increase of knowlcdge may some 
day enable us to trace the origin of this power, such an 
attempt forms no part of our present undertaking. 

We shall accept without explnnation the fact that liv- 
ing matter does thus reproduce itself, and we shall con- 
iinc oursclvcs to the attempt to discover why tlie egg of a 
star-fish for instance, reproduces a stnr-fish, and the egg 
of a bee a bee; to discover the origin of the differenccs be- 
tmecn the various forms of reproduction, rather than the 
cause of what  they have in common. 

Tho plicnomena of heredity in the higher animals, as 
well as the niechpiism of ova and male cells through 
which these phenomena are manifested, hwe certainly 
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been produced by slow modification, throngh the in- 
flnenc2 of conditioris which arc to a great extent open 
t o  study. ‘I’hc attempt to trace tlieir origin and signifi- 
ciincc is not a pure speculation, but a legitiniate exercise 
for the scicntific intellect. 

As we should expect from the fascinating nature of the 
subject, there has been no lack of speculation in tlic past, 
and various hypotheses have been proposed from time to 
time t o  account for the phenomemi of heredity. These 
hypo theses diEer greatly aniong themselves, but they 
may be rouglily classed as epigeiicsis ligpotlieses, and evo- 
lution hypothesis: the word evolution being hcre used, of 
course, in its old sense, as contrasted with epigeucsis. 

The liypotliesis of evolution, pnre and simple, as ad- 
vocated by Bonuet and Ballcr, is that thcrc is contained 
in  the egg or seed or in tlie male element a perfect but 
minutc orgmi3in, and tliat tlic subsequent development 
of the cgg is simply tlic “evolntion” or unfolding of this 
germ. Up to tlic end of the last century the prevailing 
opinion was that each egg contains, in alatcnt or dorinant 
state, a completcly formed o ~ p n i s n i .  The fertilization 
of the egg was supposed to awaken this dormant germ, 
to  call its latent potential life into activity; and the pro- 
cess of devclopmcnt was regarded as the iinfolding and 
growth of the already fully formed and perfect embryo. 
The embryo m:is held to be not prodnced by, but simply 
anfolded from the egg, and tlie act of reproduction was 
therefore regarded as educt ion riot pi*odiiction. 

According to  Hnxley (Eneyc. Brit., Art. Evolution) 
“Boiinet affirms that before fecnndstion the hen’s rgg 
contains an excessidy minutc but complete chick, and 
tliat fecundation and incubtition simply cause this germ 
to  absorb nutritions matters, which are deposited in the 
Snterstices of the elementary structure of which the min- 
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i.iturc chick or germ is made np. The consequence of 
tiiis intiissusceptive growth is the “ devclopnient” or 
“evoliitioii” of this germ into tlie visible bird. Tli~is 
nil orgnnizcd individual “is a composite body consisting 
of tlie original or elcmentary parts, and of tlie rnattcrs 
wliicli have been associated with tlietn by the aid of nu- 
trition,” so tha t  if tliese matters could be extracted from 
the individual, it  monld, so to spealc, become c b x n t r a -  
ted in a point, and wonld thus be restored to  its prirni- 
tivc condition of a germ “fjnst as by  extracting from a 
bone the c;ilcarcoud substance mliicli is tlie source of its 
hardness it is reduced to its primitive state of gristle 
and mcmbrane.” 

cLEuo l z i t i o~z  and develnpmeitt are, for Bonnet, sy- 
nonymous terms; and since, by evolution hc means 
simply the expansion of tha t  which was invisible into 
visibilitv, lie was natnr,:lly led to  the conclusion, at 
wliicli Lcibnitz liad arrived by a different line of reason- 
ing, that  no such thing as generation exists in nature. 
Tlic growth of an  organism bcing simply a process of 
enlargement, as a particle of dry gelatine may swell iip 
by the intussnsccption of miter, its death is a shrinkage, 
such as the nielted jelly niiglit undergo on desiccation.” 

M,~nch more anciently the erolution hypothesis found 
acccptance in  a somewhat different form. and the rninia- 
ture organism W:LS believed to exist in the  male element, 
a i d  t o  receive from the  cgy the  nonrishmenb needed for 
its growth and perfect dcvelopmcnt. 

Leeuivenhoek’s discovery of the motile spcrnmtozoa of 
animals was reg:irdcd as a new basis for this view, anJ 
the “ sperrIi-aiiiniiilcule ” w:is held to be the perfect and 
living animal ready for unfolding or evolution, tlie term 
“sperniatozoon,” still retained in scientific nomenclature, 
being a remnant of this old hypothesis. Leeuwenhoek’s 
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discovery inaugurated, in tlie first lialf of the last ccntn- 
ry, the warm dispute between the Aninidculists and the 
Ovists, one side holding that the germ is contained in 
the egg, and the other that it exists as tlie seminal ani- 
malcule. 

It is obvious that, in either form, the evolution theory, 
as above stated, is logically incomplete, siiice it only ac- 
countsfor a single generation. Its advocates mere there- 
fore compelled to enlarge it, and to assume that, as each 
organism thus exists, in a perfect form, in the prcccd- 
ing generation, each germ must contain, on a still smaller 
scale, the perfect germs of a11 subsequent generations. 
Thus Bonnet held, in his hypothesis of eniboitement, 
"that a11 living things proceed from pre-existing germs, 
and that these contain, one inclosed within tlie other, 
the germs of all future Iiving things; that nothing 
really new is prodnced in the living world, but that 
the germs which develop have existed since the beginning 
of things." (Huxlcy, Evolution.) 

The advocates of thc evolntion hypothesis appealed to 
such facts n5 the presence Qf u minute plant inside the 
acorn, or to the butterfly inside the pupa-skin, in srrp- 
port of their views; but the hypotliesis, i n  its crude state, 
was quickly overthrown by the first discoveries of mod- 
ern microscopic embryology. 

Harvey's studies on the development of the chick, 
followed by the researches of Wolff, Pander, Von Baer, 
and thehost of embryologists of the l a t  fifty years, show 
concInPiveIy that the embryo is not nnfolded out of, but 
gradnally built np from the egg. 

We now know that the eggs of all animals, mhen t h y  
are not complicated by the presciicc of food, or of pecul- 
iar coverings for protection or attachment, are essentially 
alike in optical structure, and that they are not only like 
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each other, but like tlie constituent cells of ail parts of 
the body of the organism. 

Fiir from being preformed in tlie egg, we know that 
the body is built up gradudly, step by step, by repeated 
cell-division, and that tlie earlier stages of development 
do not result in tlie formation of the parts of the perfect 
body at  all, but that they simply give rise to germ-layers, 
or tracts of cells out of which organs’ are gradually 
formed, and that cells which were a t  first quite widely 
separated in the embryo may come at last to enter into 
tlie formation of a single organ. 

For instance, wlien tlie nervous system of a vertebrate 
first makes its appearance in the embryo, there are no 
traces of the brain, of the spinal cord, of the nerves or 
of sense organs. It at first consists of a long group of 
cells running along themiddle line of the body, and 
presenting no difference from the otlier cells of its 
surface. I n  most cases this elongated group of cells 
bccornes converted into a furrow, and afterwards into a 
closed tube, tlie nerve-tube, by tlie folding together of 
its edges. Tlie primitive nerve tube is at first simply a 
long tube of embryonic cells running along tlie middle 
line of tlie back, and it is a veIj  different thing from tlie 
f ind nervous system of an adult mammal, nor is it  in 
any sense a mammaliua nervous system in miniature, for 
tlie changes by wliicli i t  becomes converted into the lat- 
ter are great arid numerous, as well as gradual. Certain 
parts, such as the eye, are fornied only in part from this 
tract of ce!ls, for tlie vertebrate eye is the result of the 
combination of an outgrowth from tlie embryonic ner- 
vo:is system and an ingrowth from the surface of the head. 

The whole history of tlie nervous system and sense 
organs is thus seen to directly oppose tlie view that these 
organs are present in miniature in the germ. 
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Still more opposed t o  the hypothesis of evolution is 
tlie remarliable fact tliat tlie clianges which take place 
in  tlie derelopingegg are not sucli :ts would lcad directly 
to the formation of the adult animal. I n  most c a m  
a circuitous or indirect path is followed, a i d  this in- 
direct path leads at first towards tlie adnlt form of lower 
members of tlie group. 

This, the most suggestive fact of modern embryology, 
may perliaps be made clearer by an illnstr a t’ ion. 

Let us try to c o m p r c  the growth of  an egg into an 
adult animal with tlic growth of some manufactured 
prodiict in the 1iaiids of its m‘ ‘I 1- Ier. 

Tlie evolutionist I iew of the clewlopment of an or- 
ganism may be illustrated by tlie tnannfactnre of a yarn 
base-ball. A boy, wishing to makc n yam ball, procures, 
if possible, a small rnbber ball, and winds his yarn on to 
this until tlie desired size is reached, tlie only clianges 
during tlic growth of the ball being the change of size 
and of material. 

The observed facts of embryology show that tlie 
developmcnt of an. enibryo does not take p1:ice in any 
sucli vay as this. It may, l iomrcr,  be illnetrated by the 
growth of a ste:im-sliip in tlic hands of the builder, wlio 
first lays down an indefinite skclcton, arid outlines in  a 
vague  my the niorc prominent featiires, before any of 
the  details are finished. 111 order to make tlie illustration 
perfect, howerer, n-c must imngine the builder to com- 
metice work upon liis steam-ship by 1;ij ing oiit tlie skeleton 
of a big triareme; me must imaginehim tocnrry this some 
stiiges towards completion, and to put  into it certain 
contrirauccs, snch as i~owers’ -benches, ~vliicli are of 110 

nse in  a steam-ship. We must imngiiie that  lie then 
abanclons liis plan, tcars down his benclies, a11d nEes tlrc 
material to mukc a deck; that he cliaiiges 11ic shape and 
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proportions of his Iiull a little to fit i t  for sailing instead 
of rowing, tliat he piits in masts and spars, and makes 
everything rcndy for a sliip’s rigging; that he then 
changes the shape of liis hull once more; tears out part of 
liis cabiil, puts i n  bnlklieads, coal bunkers, and an engine 
and boiler ; shortens 111s masts, alters his rigging, and 
fiunlly converts liis unfiiiished ship into a finished 
stcamer. 

This is not by any means a forced illnstration, bnt 
a very fair outline of tlic dc~elopmcnt of an animal. 
In nearly every case TVC Gild that the development of 
tlic embryo as :I, n~hole, or else the dedopment  of cer- 
tain organs, takes place in this ronndabout, indirect way, 
and repeats, nsnally in :in imperfect manner, the struc- 
tnrc of a related but lower animal. 

As an example, we may refer to tlic history of the 
bIood-vesscIs of a m:inimnl. The breathing organs of 
tlic lower vertebrates arc gills on the sides of the neck, 
and tlic venous blood is driven from the heart through a 
scrics of branchid srtcries to the gills, where it is aerated 
and conveyed into a scries of brancliial veins which carry 
it,  not back to the heart, but to the various organs of the 
body. In a mammal thercare no traces of gills at  any stage 
of development; the adult animal brentlies by lungs, and 
tlic blood which has been aerated in the lungs goes back 
to the heart; before it is distributed throughout the body. 
Now the early stages in the devclopcnt  of the blood- 
vcsscls of a mammal would, if carried out to  completion, 
Icad to thc formation of the system found in fishes. 

The manimalian embryo has no gills, but it does have 
bmncliial arteries and veins, and its blood at  first follows 
tllc sainc conrsc tlmt i t  follows in a fish. I t  is plain 
h a t  the fishlike circulation is not an outline or sketch 
Df that of a niammal; that i t  is not R ncccssary stage in 












































