
CHAPTER 111. 

HISTORY OF THE THEORY OP HEREDITY-( Continued). 

Some form of tlie evolution hypotliesis a logical necessity- 
Darwin’s pangenesis hypotliesis-This is an evolution hypothe- 
sis, since all the cliaracteristics of the adult are supposed to be 
latent in the germ-Miscellaneous objections to it-These 
objections do not show that it conflicts with fact-Difficulty 
i n  imagining detailed working is no reason for rejecting it 
-Gilton’s cxperimental disproof-There are many reasons 
for believing that tlie sexnal elements have different functions 
-The evidence from parthenugenesis-Polar-cell hypothesis 
-The evidence from hybrids, from variation, and from struc- 
tures confined to one sex-The pangencsis hypotliesis recog- 
nizes no such difference io the functions of the reproductive 
elements-We must therefore distrust its absolute correctness 
--Summary of last two chapters. 

8ome  Form of the Bvolution Hypothesis a Logical 
Necessity. 

Most of the hypotheses which have been proposed, of 
late years, to account for the phenomena of heredity, are 
like the two we have quoted, epigenesis hypothesis, for 
they are attempts to show that the ovum is in reality, as 
well as in form, an unspccialized cell. Analysis shows, 
however, that they all rest ultimately upon the assump- 
tion that this is not true, but that the ovum really con- 
tains, in some form or other, actually or potentially, the 
€uture organism, with all its hereditary characteristics. 

We know that eggs which are to all appearances essen- 
tially alike, may, when artificially removed from the ova- 
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ries and artificially fertilized, and when kept niidcr cs- 
actly the sanie conditions, develop into widely differciit 
organisms, and as like things csnr ot, under. lilic con- 
ditions, give rise to different results, me are forced to 
conclude that these eggs are not essentially alike, but 
that each contains within itself in some form tlie organ- 
ism to which it is to  give rise-that iiidividual develop- 
ment is, in some sense, the unfolding of a germ which 
already exists in the egg. There is no escape from this 
conclusion, a t  least there is none which can be accepted 
by the scientific student, and we see that logical tliinkers 
like Prof. H L X X ~ C ~  are driven to conclude that the pro- 
cess which in its superticial aspects is epigenesis, appears 
in essence to be evolution. 

Darwin’s Hypothesis of Pangenesis. 
In contrast to the views already quoted me hare the 

well-known pangenesis hypothesis of Darwin, an hypoth- 
esis which is thoroughly one of evolution, since Darwin 
believes that the whole organization of the syecics’ is 
present not only in the egg but in the male cell also; 
that  each of these not only contafns the complete organ- 
ization of the parcnt, but an indetinite series of similar 
organizations, inherited from a long line of ancestors. 
It is true that Darwin does not believe that each of these 
ancestors is represented in the ovum and in the male 
cell by a minute but perfect animal, like those imagined by 
Bonnet, but he imagines what is essentially the same 
thing, that each of the cells of each parent, and every cell 
of each ancestor for a long aiid practically an unlimited 
series of generations, is represented in each ovum and 
each male cell by a germ capable of producing that par- 
ticular cell with all its distinctive characteristics. 

Darwin’s original statement ( Va?.iuiio?a, chaps. xxvii. 
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and xxviii.) is rcadily accessible, but it mill not be out 
of place to quote it before entering upon its critical dis- 
cnssion. 

IIc says: “In tlie previous chapters large classcs of 
facts, such as those benriiig oil bud-variation, tlie various 
forms of inlieritance, the caiiscs and laws of variation, 
have been discusscd, and it is obvious that tliese subjects, 
as well as tlie several modes of reproduction, stand in some 
sort of relation to each other. I hare been led, or 
ri ther forced, to form a view, which to a certiiin extent 
connects tlieso facts by a tangible method. Every on0 
Tvould wish to explain to himself, even in an imperfect 
manner, horn i t  is possible for a character possessed by 
some remote ancestor suddenly to reappcar in tlie off- 
spring; how the effects of increased nsc or disuse of a 
limb cn~ i  be transmitted to the child; how the male scx- 
ual clement can act not solely on the ovule, but occa- 
sionally on tlie niotlier form; horn a limb can be repro- 
daced on the exact line of amputation, vith ncither 
too inucli nor too little added; how tlie rarions forms of 
rcprodnction are connectcd, and so forth. I am amare 
tlint my view is nicrcly a pro~-isional hypothesis or spcc- 
ulntion, but nntil a better one be adranccd i t  may 
be scrviccable by bringing togetlier a multitude of facts 
which are at  prcsent left disconnected by any efficient 
came. As TVhewell, the historian of tlie inductive 
scicnces, rcmarks, hypotheses may often be of service to 
science, wlien they involre a certain portion of incom- 
plctcucss or ercn of error. 
“ Under this point of vicm I ventnre to advance the 

liypotlicsis of pangenesis, m1iich.implies that the whole 
organization, in tlie sense of cvery separate atom or  unit, 
rcproduces itsclf. Hence ovules and pollen grains-the 
fcrtilized seed or egg, as well as buds-include and con- 



80 Heredity. 

sist of a multitude of germs thrown off from each sepa- 
rate atom of the organism." 

From the extract we see that the hypothesis is an  
attempt to shorn that all the phenomena of generation 
and development, including those of variation as well as 
those of heredity, depend upon the fact that each strnc- 
t u r d  unit of the body is the direct offspring of a similar 
unit in  the body of a parent or of ,a more remote ances- 
tor. The cells of the body of one of the liighcr organ- 
isms are not only niorphologically but ;ictnally indcpen- 
dent inclivid i d s ,  reprodncing themselves directly. in the 
next generation: and the germ of such an organism is in 
reality an aggregate of these cell-germs. 

Stated more at  length, the li~'p0t11esis is as follows : 
" 1 assume that cells, before their conversion into 

'form matcrial,' throw off minute granules or atoms, 
which circnlate freely throughout the system, and when 
siipplied with proper nutriment, multiply by self-divi- 
sion, snbsequently becoming developed into cells like 
those from which they were derived. These granules, 
for the sake of distinctness, may be called . . . 
gemtnules. They are supposed to be transmitted from 
the parent to the offspring, and are generally developed 
in the generation which immediately sncceeds, but are 
often transmitted in a dormant state during many gcn- 
erntions and are then developed. Their development is 
supposed to depend on their union with other partidly 
developed cells or gcmmules, which precede them in the 
regular order of growth. Why I use the term union will 
be seen when we discnss the direct action of pollen 011 

the tissues of the mother plant. 
" Gemmules are supposed to be thrown off by every cell 

or unit not only during the adult state but during all 
stages of development. Lastly I assume that gemmules 
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in their dormant state have a mutual affinity for each 
otlier, leading to their aggregation either into buds or 
into the sexual elements. Hence, speaking strictly, i t  is 
not the reproductive elements nor the buds whicli gene- 
riite new organisms, but the cells themselves throughont 
the body. These assumptions canstitate the provisional 
hypothesis of pangenesis.” 

Darwin’s genimules are, of course, entirely imaginary, 
that is, a belief in their existence does not rest upon 
direct observation. We cannot deny that the liypotliesis 
furnislies an explanation of most of the phenomena 
wliicli Iic attempts to interpret by it, although i t  seems 
possible that there may be a simpler explanlttion. If the 
existcnce of tlie gemmules were proven we could nnder- 
stand not only the rvonderfnl facts of ordinary inheri- 
tance by sexual reproduction, but the various forms of 
asexual reproduction as well. 

We should have a simple explanation of the manner 
in wliich the characteristics of a remote ancestor may 
suddcnly reappear after they have been dormant for 
many generations. We should understand how the em- 
bryological history of a species may become simplified 
by tlie omission of larval forms or appendages. I n  a 
mortl, nearly all the phenomena of heredity admit of 
explanation by the liypothesis, and those who have criti- 
ciscd i t  have not usually attempted to show that i t  con- 
flicts with fact, but have simply objected to i t  as apurely 
imaginary explanation. It is urged that the transmis- 
sion of all tlie cliaracteristics which we know to be in- 
licrited from near and remote ancestors demands that 
the number of gemmules should be almost unlimited and 
practically infinite; that  not only are the gemmules im- 
aginary, but that  the aggregation of such numbers in  
masses as small as the reproductive elements requires 
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that they sliall bc of inconceivable minuteness, and that 
naturc fiiriiislies no analogy for :tttribotiiig to  such s n i A  
prticlcs the vital properties which we know otily it1 

bodies which itre compiwatively gigautic. It is also 
urged that the gemmnles ninst be endowed with eiitircly 
imaginary and wonderfully spccinlized elcctive affini Lies, 
in virtue of which exI i  dcveIops onIy at  the proiler tiuic 
and place. In order to account for the ni:mtier ill which 
tlie characteristics of each parent are mingled in  1110 

child we must regud each individual as tlie product of a 
struggle for existence among the gcmmules, meult\og in 
the selection a d  development of the fittest. The for. 
mation of several indiyiduals :isexiially by budding from 
a parent stock demands tliut the gcniniules thcnieelves 
must be capblc  of mnltiplication, and that they niust 
have the power to  transmit tlieir ln-operties to tlieir off- 
spring. To explain alternation of generations we must 
suppose that the enibrgo receives scvcnil complete scts 
of gemmules, which are not dnpkutcs, and it is almost 
impossible to follow ont, in thought, tlie complicated re- 
lstions mliicli must exist between the gcmniulcs of tlic 
egg-embrjo of such an organism as a Sipliouophorc. 

These aid similar objections may be fairly iu’gcd, 
and mliile tlicir great weight is oblions, we must iiot 
attwli undue importance to them, for they do not show 
tlmt the hypothesis conflicts with any known law or ub- 
s c r~c i l  fact, and the great drafts made upon tlic im:igiiin- 
tion should not, alone,  r re vent its pro~isional acccllt- 
anco so long as me liave no simple esplaniition of tlic 
phenomena, for difficulty in imagining tlic dctidls of :in 

hypothesis is a purely snbjectirc matter, vliich vuics 
will1 the age and with the individual. 
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Gcr lt on’s Expe~ intents. 
Bcsidcs these theoretical objections, we hnve the ex- 

perimental disproof furnislicd by Galton. In order to 
test the hypothesis this cxpirimcntcr selected the silvcr- 
gray rabbit-a variety mliicli has, in itself, little ten- 
dency to ~ar.y, although i t  readily crosscs with otlier 
varieties, and breeding freely with them gives birth to 
hybrid offspring. Into the bodies of eighteen of tliese 
silver-gray rabbits Iic trailsfL1scd tlic blood of otlicr vari- 
eties, in some cases replacing onc lialf of the blood. From 
the ciglitecn rabbits t l ina  opcratd upon eighty-six soung 
wcrc produccd, ancl i n  no case did tlic offspring cxliibit 
any of tlic charactcriatica of tlic variety from mliicli tlic 
blood was talicn, but all of tlie eighty-six mcrc pure 
silver gr‘iy. Froin tliesc cxpcrimeiit s Galton concludes 
tlint “ t h e  doctrine of pangencsis, pure and  simple, is 
incorrect;" a n c l  I tliink mc ninst agree with him tliat 
this conclusion is justified by tlic results mliicli he  
rcaclied, altliongli I hope to sliow tliat i t  is possible to  
restatc tlic hypothesis in a form which is so modified as to 
escapc this objection. 

The Sexual Elenieiats Perfom Different Fuiictions i7a 
I h e d i t y  . 

There is another objection which seems to me to be 
of almost eqnal weight, bu t  which has never, so far 
as I am amare, been pointed ont. The  early writers 
upon heredity attributed certain fanctions to the male 
cell and others to the ovum; but me now know that their 
means of observation mere so inadequate, and their 
knowledge so limitcd, t ha t  tlicir conclusions wore of 
littlc value, and that both orjsts and spermists wore 
wide of the mark. The  fact that  they crroneously attrib- 
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uted certain fnnctions to tlic ornm and certain otliers 
to thc male cell does not, of course, prore that there is 
no difference in  tlie fnnctions of these elements; but in 
modern times we actually find that thinkers hare gone 
to  this opposite cxtremity of the subject, arid liare 
either tacitly implied or directly accepted tlie vicw 
that the two sexn:tl elements play similar parts in 
heredity. 

Nei thcr IIacckel’s hgpotliesis nor Jiiger’s recognizes 
any difference in tlieir fn?ctions, w.hile JBger secrns to 
believe, and Darwin explicitly statcs, that  tlieir sliarcs in 
hereditary transmission are alike. 

Many facts indicate t1i:it this view is, to eny tlie lcast, 
very improbable, and I mill give, bricflp, a statenicnt of 
some of the arguments against it, and will then devote 
a little space to a discussion of tlic reasons wliich 1i:ire 
been given by Darwin and others for accepting it. 

The structural difference between the ovum and the 
male cell is one of the most widespread and fundamcntnl 
characteristics of organic beings, and i t  is found in all 
except tlic very lowest animals and plants. I t  is, to eny 
the least, very improbable that a strnctnrnl difference so 
fiindamental and SO nearly universal should 1i:lre 110 

functional significance, and the fact that in many marine 
animals, when the ripe unfertilized ova arc thrown ont 
into the ocean, like the ninle fluid, to be swept away by 
the tide, the sexual elements differ in tlie same aag  that 
they do in  aniinals whose eggs are fertilizcd inside the 
body of the female, forbids 11s to believe t1i:it the differ- 
ence depends simply upon the fact that  tlic nialc ccll 
must make its way to the ovum. 

Many of the secondary cliaracteristics of thc ornm, 
such as its p e n t  size in birds and reptiles, and tlic 1ms- 
ence in it of food-material in so many animals, are no 
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doubt  traceable to the fact that, in most animals, the 
cgg is stationary, while the male cell can be conveyed 
irom place to place; but me must bclieve that there is 
some more fundamental and primitive difference. 

Even if the phenomena of Parthenogenesis did not 
slioiv us that the part played by the ovum is more 
essential to the perpetuation of the race than the part 
played by tlic malc cell, we should still be justified in the 
belief that the difference in  form corresponds to some 
profound difference in function, and the possibility of 
Parthenogenesis shows beyond question that this is the 
case. 

Pnrtlieiaogenesis. 

Siebold has proposed the term parthenogenesis for the 
yowx which is possessed by certain female animals, 
cspcci;~lly the arthropods, to produce descendants without 
scsnal union with a male. 

Tlie existence of this power was first pointcd out by 
Aristotlc (DE Geiisratioiie Animnlittnz, Lib. III., Cap. 
10, 21, 22, 23). As this remarkable dmeruer had no 
menus for exact research at  his command, he was, of 
course, unable to-make w e  of rigid tests, or to furnisli 
the scvcrcly exact proofs wliicli have been given 11s by 
more modern naturalists ; but he gives many reasons for 
suspccting that the unfertilized eggs of the honey-bee 
may give rise to perfect animals without sexual union ; 
and although we now know that some of the reasons 
he urges do not really prove tlie case, yet modern sci- 
ence has given tlie most convincing proofs of the correct- 
ness of liis general conclusion. 

I sliall dcrote considerable space to this subject in  
ordcr to sliom the unscientific reader that the existence 
of fertile virgin female animals is proved by the obser- 
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vations of a great number of compctcnt nntnralists; 
that  the subjcct has been thoronglily and carefully 
studied, with every precsntion against error, and i l x t  
oiir belief in its existence docs not rest upon tlie unveri- 
fied statenients of a fev  observers. 

I n  this summary I sliall give many referenccs t o  
authorities, bnt as my p r p o s e  is not to give a conl- 
pletc bibliography, but simply to ~shom how tlioronglily 
the subject hns been studied, many imrnes are omitted. 

Most of the following facts arc takcn from Ger- 
staecker's history of tlie subject in Volume V. of 
lh 011 11's El(isseu 0)d)m):gleu rEes TlLierreidis, 
altliough I Iiare rcfcrrcd to many of tlie origiiiul 
pipers and have :dded many facts which are not 
nientioiied by Gerst:iecGer. ' the snbject is perfectly 
fsrniliar to most naturalists, and the amount of space 
devoted to i t  may seem oniicccssarily grcat to such 11w- 
sons, bnt i t  is importnnt to jmpess  u p o ~  nnse ic~~t~f ic  
readers :I scnsc of the exact and definite character of 
tlre cvidcncc for the cxistcnce of partlicirogencsis, and 
a short history of tlic subject seems the most effective 
means for accomplishing this prpose.  

Among the crnstnccn and iiisccts, lmrthenogenesis is 
by no mcans unusnal. It occurs in some groups mlicre 
impregnation by m ; h s  is so nearly oniversol that  nntu- 
ralists hare been slow to credit any exceptions. I n  
0 t h  gronps it is the general rule, and fcitilization by a 
male is the exccption. In some genera and species the 
powr is shown only by a few individuals, ~vliile in 
others it is shnrcd by d 1  the females. In some cases 
ihe unfertilized eggs give rise to feniales only, in other 
cases to males, and in still other cases to both Ecxes. 
In 1'775, Sciibffer, of Begensbnrg, discorcrcd its oc- 

currence in fresh-water crustacea, although Dr. Albrecht 
















































